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SUMMARY

The studies summarized in this report form a part of the program on the safety evaluation

of radiation-processed foods, an important component of the development of radiation

technology for food preservation from the public health point of view. Due to the dramatic

advances in the field of biomedical sciences over the years, the field of safety evaluation has been

broadening enormously and encompasses novel areas such as genetic toxicology,

immunotoxicology, teratogenecity and carcinogenicity etc. Genetic toxicology deals with the

effect(s) of a physical, chemical or biological agent on the genome or in other words whether the

agent under consideration has any ability of inducing gene or chromosomal mutations in the

experimental models. However, the ultimate objective of the mutagenicity evaluation is to

determine the magnitude of genetic risk to humans by an environmental agent under a specified

level of exposure. Unfortunately, there are no straightforward means to accomplish these

objectives. For ethical, logistic and practical considerations, experimental studies on

mutagenicity evaluation cannot be undertaken directly in humans. The most reliable approach

deals with the extrapolation of experimental data obtained from laboratory mammals under well-

defined conditions to human populations. The investigations compiled in this report on effect of

feeding radiation processed foods on somatic and germinal cells of laboratory animals have been

carried out adopting Internationally accepted procedures and protocols. These include bone

marrow metaphase analysis and micronucleus assay for somatic chromosomal damage and

dominant lethal mutations (DLM) for germinal effects in rats and mice. In one of the studies,

effect of feeding irradiated wheat (0.75 kGy) on the frequency of ployploid cells in the bone

arrow of Wistar rats, a parameter never considered as a criterion of toxicity evaluation has been

undertaken. These studies showed no evidence of induction of polyploid cells in bone marrow of

rats even after feeding freshly irradiated wheat. Like wise studies on DLM revealed no evidence

of germinal effects due to feeding of freshly irradiated (0.75 kGy) wheat in Wistar rats. In the

second phase of the program which was under taken as a contract with the International Project

in the Field of Food Irradiation (IFIP), Karlsruhe, Federal Republic of Germany, genetic

evaluation of irradiated (0.1 kGy) onions in somatic and germ cells of Swiss mice has been

carried out using induction of micronuclei in the bone marrow erythrocytes and DLM in germ

cells of mice, respectively. These studies also did not show any genetic effect attributable to



feeding of irradiated onions in mice. Further, genotoxic potential of irradiated (1.5 kGy) Indian

mackerel for somatic effects using two cytogenetic end points, the formation of micronuclei in

the bone marrow erythrocytes in mice and chromosomal aberrations by metaphase analysis in rats

has been assessed. Also, germinal effects of irradiated mackerel were investigated by DLM in

Wistar rats. None of these extensive studies showed any evidence of genetic effects in the

somatic or the germinal cells of laboratory rodents that could be attributed to the feeding of any

of the radiation processed foods. Some of these studies formed a part of the database built by

International Project in the Field of Food Irradiation, Karlsruhe on safety evaluation of radiation-

processed foods. As a contract with International Atomic Energy Agency, genetic toxicological

studies with salted, dried and irradiated (2.0 kGy) tnackerel for somatic and germinal effects also

showed no evidence of any induced chromosomal aberrations or DLM in mice. The cytogenetic

studies in mice fed with irradiated ground paprika also showed no increase in chromosome

damage as revealed by the micronucleated erythrocytes in the bone marrow. This program

continued for over a decade beginning from early seventies and as indicated above included

assessment of safety of several food items. These studies contributed significantly and critically

to the acceptance of safety of radiation processed foods by regulatory agencies both at the

National and Internationa) levels. This report contains only genetic studies, one aspect of this

program, while the remaining studies will be summarized in a separate report.
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Preface

Radiation preservation of food has a history of over four decades as a novel effort to

augment food supply by minimizing post-harvest losses, which in certain parts of the world may

account for 10 to 15% of the total produce, due to insect infestation and microbial spoilage.

During the years, several radiation based technological processes have been developed across

the world for preservation of various types of food items, including cereals, vegetables, fruits,

spices, marine and meat products. At BARC, Food Irradiation Processing Laboratory (FIPLY)

was set up in mid sixties to optimize radiation processing of various food items, in the Indian

context. As a part of this technology, in addition to sensory evaluation, detailed analysis to

assure nutritional adequacy and microbiological safety have been undertaken. Finally, a

comprehensive programme on toxicological evaluation has been undertaken to ensure the safety

and wholesomeness of a variety of radiation processed foods for human consumption. During

the second half of the century, requirements for toxicological safety have broadened, profoundly

and encompass multigeneration investigations, in addition to genetic, carcinogenic and

teratogenic studies in more than one species of laboratory animals. The markers, as predictors

of health impairment, have also increased from haematological, biochemical and pathological

changes to molecular monitoring, depending upon the nature of the test agent or commodity.

Most importantly, the design of toxicological protocols, quality and number of animals of known

genetic background, historical, test and positive controls, standardized animal hygiene and

husbandry practices, as laid down by the International and/or National regulatory agencies have

been mandatory. The good laboratory practices, approved protocols, validated assay systems

and analytical procedures etc. are the hallmarks of today's stringent toxicological practices to

assess biological and health safety of any agent or a food product. Therefore, development of a

new molecule as a pharmaceutical or food item for human consumption or even as an aid for

food production or preservation such as pesticides and insecticides has become time consuming,

enormously space and budget intensive.

With the International trade, and global economy surpassing national barriers, the

International organizations such as WHO, IAEA and FAO play a dominant role in their

respective domains, in addition to National agencies for acceptance of toxicological safety of

commodities or molecules for human consumption With this realization, during early 1970s, the
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International community established an International programme to establish safety of radiation

processed foods in compliance with international regulatory requirements. Although,

considerable evidence of safety of radiation processed foods was available from various

countries, the main objective of the International Food Irradiation Project (IFIP), located at the

Institute of Nutrition, Karlsruhe, the West Germany, was to review and generate toxkological

data under the WHO/FAO/IAEA guide lines. IFIP awarded contracts to well established

laboratories for toxicological evaluation of various food items under rigorous mandatory

requirements as laid down by WHO and FAO in a coordinated manner. After critical review

these studies were published as IFIP documents. Some of the studies undertaken by BARC on

contract with IFIP have been included in the present report, in addition to those of our (BARC)

programme. This report includes studies on genetic toxicological evaluation of various

radiation-processed foods The multigenerational studies with an irradiated composite diet

based on Indian food habits and other feeding studies with mackerel, onion, etc. are being

compiled. While, the program on safety evaluation of radiation processed foods hadbeen

progressing well in several laboratories, including at BARC During mid eventies, a report

from national Institute of Nutrition (NIN), Hyderabad claimed an increase in the incidence of

polyploid cells in the bone marrow cells of rats fed freshly irradiated wheat. This was followed

by papers from the same author showing higher polyploid levels and dominant lethal mutations

(DLM) in rodents. It was also stressed that the polyploid cells are associated with cancer

Although, feeding of freshly irradiated wheat had no relevance to the technology since, radiation

processing for disinfestation would be employed when wheat is available in surplus and

requires long storage. The technology was never intended to irradiate wheat meant for

immediate consumption. The fact remains that the NIN report was successful in creating a so-

called debate on safety of radiation processed foods. This was taken up by the Regulatory

authorities involved with the clearance of irradiated food at the National level and the attention

of the International Agencies was drawn to these studies. A programme to examine .NIN report

specifically on polyploidy and DLM was launched. These exhaustive studies failed to confirm the

claims of NIN of an increase in polyplod cells in the bone marrow or DLM in germ line of rats

fed irradiated wheat at a dose of 0.75 kGy.
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The NIN claim of an increase in polyploid cells following feeding of irradiated wheat

became a major issue at the national level. Surprisingly, nobody not even NIN scientists, spoke

about more serious and more consequential effects in germ line reported by NIN. The germ cell

cytotoxicity reported by NIN should have resulted in reduction of fertility of males, which was

not observed in their breeding tests. Dominant lethal mutations result from major chromosomal

damage involving both numerical and structural aberrations and are indicators of highly

mutagenic nature of an agent. The germ cell sensitivity reported after feeding of 12 weeks of

irradiated wheat was also not biologically tenable. Initially, Prof. Swaminathan was requested

to look in to the so-called controversy, and we had several meetings in his office at Krishi

Bhavan. Finally, Government of India constituted an Expert Committee. In the mean while,

several laboratories all over the world particularly the IFIP got the NIN study examined and no

one could confirm the data published by the NIN. However, besides the papers on the increase of

polyploid cells in rodents, NIN claimed an increase even in young children. It is surprising how

the studies could be carried out in children (albeit they were not healthy)., when positive effect

were observed in rats and mice. In fact, none of the parameters investigated at NIN were

negative, except that breeding performance and health profile of the animals was surprisingly

unaffected. In the NIN study, no positive controls for DLM were used to demonstrate the

sensitivity of the strains of mice. To our knowledge no publication on genetic toxicology had

been published prior to these studies from the same author. In the subsequent papers, NIN

reported that storage of irradiated wheat for 12 weeks, before feeding did not induce any

increase in polyploid cell or DLM in laboratory animals. The BARC studies continued on safety

assessment of various foods items, including wheat, whole diet, mackerel, onion, etc. using

comprehensive and accepted toxicological protocols. The FAO/IAEA/WHO Committee

(1980) invited representation from NIN during the evaluation of safety of radiation processed

foods and safety of various food items requiring technological dose upto 10 kGy was accepted.

The Government of India still took about a decade more to accord clearance to radiation

processed foods.

Toxicological evaluation ends up largely in negative data, which in the eyes of a basic

scientist is neither creative nor challenging. The efforts, put-up by my team of scientists involved

in wholesomeness evaluaton of irradiated foods have to be viewed in a different perspective. The
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socially or community relevant research, the category to which studies on safety evaluation of

radiation processed foods belong, deserve their place among the scientific intellegentia of the

country. For BARC, it was a different matter to settle the issue, which in my opinion from the

very begining did not exist. The rest is history Although, for me it has been a learning process,

but the dedicated work put-up by my colleagues with full devotion and zeal for over a decade

made us proud at the National and International level. This report is first part of the studies on

safety evaluation of radiation processed foods. Part II is being compiled and will be printed in

due course of time. Except the preface, I have contributed only in the advisory capacity, while

R.C.Chaubey and M.Aravindakshan have been compiling this report and their commendable

efforts have resulted into a very informative report as a permanent reference resource.

(P.S.Chauhan)
Head, Cell Biology Division &

Project Manager Monazite Survey Project



CHAPTER I

SAFETY EVALUATION OF RADIATION

PROCESSED FOODS

Introduction
. 1. What are ionizing radiations ?
.2. Acute , short- term and long term toxicity studies
.3. Genetic toxicology
.4. Safety and Wholesomeness of irradiated foods
.5. Toxicity and mutagenicity evaluation of irradiated foods



1. Introduction

On a global basis, it has been estimated that a significant proportion of the world's food

supply is lost due to post harvest spoilage, due to insect infestation, bacterial and fungal attack

(WHO, 1988). Over the last several years a number of food preservation techniques, such as

fermentation, smoking, drying, salting and freezing, etc. have been developed for safe and

effective preservation of different kinds of food commodities. One of the major developments

in the field of food preservation was the introduction of pasteurization by Dr. Louis Pasteur in

France during 1860's. This process "was developed to improve the quality of wine and beer. A

decade later this technique was applied for preserving milk, by Prof. N.J.Fjord in Denmark.

Inspite of the beneficial effects of this technology, which brought about dramatic reduction in

infant mortality, the controversy that this technique has been developed to hide poor quality of

milk, delayed its wide scale implementation. But today, pasteurization of milk and other liquid

food is a method of choice for ensuring the safety of these products (WHO, 1994).

The first report suggesting the use of ionizing radiation for improving the quality of food

stuffs was made in United Kingdom way back in 1905 by J. Appleby and A.J. Banks. In the

following years it was shown that eggs, larvae and adults of tobacco beetle (an insect) can be

killed by X-rays (Runner, 1916). During subsequent years a number of other radiation sources

such as pulse electron accelerator (Brash & Huber, 1947) and electron accelerator (Trump &

van de Graaff, 1948) were developed and were used for studying the effect of radiation effects

on foods and other biological materials. In United Kingdom research on food irradiation began

way back in 1950 at Low Temperature Research Station at Cambridge. During 1953 to 1960, the

US Army supported research on food irradiation, with both low and high doses of radiation.

Successful results on food irradiation from USA stimulated research in different other countries

of the world. Towards mid and late fifties, National programmes on food irradiation was

underway in many countries such as Belgium, Canada, France, the Netherlands, Poland, the

Soviet Union and the Federal Republic of Germany. In 1957, the first commercial use of food

irradiation was made in Federal Republic of Germany to improve the hygienic quality of spices.

In 1960, radiation was used for sprout inhibition in Canada. In subsequent years ionizing

radiation was aimed to answer the following four major areas : (i) disinfestation of stored

products, (ii) inhibition of sprouting of tubers and bulbs and delay in fruit ripening, (iii)
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destruction of spoilage microflora and (iv) elimination of pathogens and parasites. In 1966, the

first International Symposium organized by International Atomic Energy Agency (IAEA) at

Karlsruhe, West Germany, where representatives from 28 countries participated and reviewed

the progress made in the laboratories of participating countries (IAEA, 1966). Toxicological

safety of irradiated food was one of the major area of concern and a barrier in the

commercialization of irradiaied foods.

1.1. What arc the sources of ionizing radiation ?

Ionizing radiation, e.g. X-rays and gamma rays are short wave length, high frequency

radiations thai are part of the electromagnetic spectrum. Gamma rays are emitted by radio-

isotopes e.g.Cobalt-60 (l>0Co) and Ccsium-137 (n7Cs), while electrons and X-rays are generated

by machines using electricity. It is important to note that during irradiation, food items do not

come in contact with the radioisotope. Gamma radiation, which is generally used for food

irradiation, does not produce neutrons which may make elements radioactive in food grain.

1.2. Effects of ionizing radiation

X-rays, gamma rays, or electrons cause ionizations and excitations in the target molecules

(food commodities), hence they are called ionizing radiations. The ions and excited molecules

further react with other macro biomolecules in the food grains. Water being the major

constituents of food, ionizing radiation reacts with it and produces both reducing and oxidizing

species. When focd is irradiated, its molecules can be affected by direct deposition of energy and

also indirectly through interaction with the radiolytic products of water. Besides, water, food

contains micronutrients such as vitamins and minerals. In fact, radiation produces very little

change in the food. The radiolytic products and free radicals produced by ionizing radiations are

similar to those which are present in natural foods or when they are processed by other

conventional methods of food preservation e.g. cooking, canning, etc. Treatment of food by

ionizing radiation, kills insects and micro-organisms which are responsible for post-harvest

spoilage and thus extend their shelf life .
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Table 1.1 : Applications of food irradiation

Function Dose(kGy) Product irradiated

1. Inhibition of sprouting 0.05-0.15 Potatoes, onions, garlic, root

ginger etc.

2. Insect disinfestation and 0.15 - 0.5 Cereals and pulses, fresh and

parasite disinfection dried fruits, driedd fish and

meat fresh pork, etc.

3. Delay of Physiological 0.5 -1.0 Fresh fruits and vegetables

processes (eg. ripening)

4. Extension of shelf life 1.0 - 3.-0 Fresh fish, strawberries etc.

2. Safety evaluation of irradiated foods.

Historically, human beings were aware of toxic effects of substances such as snake

venom, certain plant and plant products and toxic effects of minerals such as arsenic, lead,

antimony. This led to the development of certain antidote for some of the poisonous substances.

However, the major critical evaluation of these aspects was started by Maimonides (1135 - 1204)

in his famous book Poison and Their Antedotes, published in 1198.

Human beings are exposed to a wide variety of natural and man made chemicals which

may have adverse effect on their health, ranging in severity for debilitating diseases to death.

There has been a continuous endeavour to identify agents which may pose a risk to human health

and this has led to the development of a large number of methods to assess their toxicity and

harmful effects. This effort has led to the development of a branch of medical science called

toxicology. In simple words toxicology is the branch of science which deals with assessment of

the nature and mechanism of toxic effects of substances and also quantitative assessment of the

severity and frequency of toxic effects in relation to exposure of the living organisms. Along

with other branches of science, the field of toxicology has also contributed to the development of

safer chemicals used as drugs, food additives, agrochemicals, pesticides and so on.
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Due to the growing population all over the world, there has been a high demand for

more food, clothing, transportation, and this has resulted in the development of a large variety of

technologies to handle this ever rising demands of mankind all over the world. This has led to the

development of a large variety of synthetic chemicals which are required for production of

different types of end products such as fertilizers, pesticides, insecticides, pharmaceutical

chemicals, petrochemicals, synthetic yarns, food additives and so on. Due to this rapid

industrialization, a large section of society is exposed to these chemicals which may be

hazardous and pose health problems to human beings. To prevent human exposure to such

toxicants, there was a need to identify such hazardous chemicals present in the environment.

This has resulted in the development of so called modern toxicology which attempts to identify

chemicals using a large variety of parameters for detection of toxicity from different angles.

Today the field of toxicology has diversified to a large extent and deals with biotransformation of

toxicants, general toxic effects, modifying factors of toxicity, toxicology of different organs and

systems such as lung, liver, kidney, skin, eye, ear, nervous system, cardio-vascular system,

reproductive toxicology and so on. Due to the developments in the field of biochemistry and

related areas such as pharmacology, chemobiokinetics, pharmacokinetics and molecular biology.

Present day toxicology has metamorphosed and encompasses newer aspects of toxicology such

as, immunotoxicology, genetic toxicology, carcinogenesis and teratology. With advancement in

molecular biology and development in instrumentation, several newer aspects of cellular toxicity,

such as morphological changes at subcellular level and ultrastructure levels using electron

microscopy has been incorporated in modern toxicology for better understanding of the nature

and mechanism of action of toxicants.

3. Acute, short-term and long term toxicity studies

The toxicity of any toxicant depends upon the duration of exposure. Based on this toxicity

studies can be divided in (i) Acute toxicity , which involve either single administration of test

compound within 24 h period, (ii) Short-term toxicity, (also known as subacute or subchronic

studies) involve repeated administration, usually on a daily or 5 times per week basis, over a

period of 10% of the life span usually 3 months in rats. Sometimes the duration of feeding could

be as short as 14 to 28 days and (iii) long term toxicity studies, where the treatment spreads
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over the entire life span or atleast a major part of the life span i.e. 18 months in mice and 24

months in rats.

In acute toxicity studies, experiments are designed to determine the median lethal dose

(LD50 ) of the agent under consideration. The LD 5o dose is defined as " a statistically derived

expression of a single dose of a material that can be expected to kill 50% of the animals".

Short term and long term studies are carried out at much lower doses than those used in

acute studies to simulate more realistic situation to which human beings are likely to be exposed.

These studies involve various observations in control and treated animals such as (i) food

consumption and body weight ratio, (ii) Laboratory tests such as haematological profile including

haematocrit, haemoglobin, erythrocyte count, total leukocyte count and differential leukocyte

count. Other tests such as reticulocyte count, platlet count, metheaemoglobin and glucose-6-

phosphate dehydrogenase (G-6-PD) are also used, (iii) clinical laboratory tests fasting blood

glucose, serum aspaitate atninotransferase (AST or SGOT), alanine amino transferase (ALT or

SGPT), alkaline phosphatase (AP), total protein, albumin, globulin, blood urea nitrogen (BUN)

and elements such as sodium, potassium, calcium and chloride. (Ill) Post-mortem examination.

When ever animals are found dead during the study or at the termination of study, the animals are

dissected and examined for gross pathological changes. Some of the organs such as liver,

kidneys, adrenals, heart, brain, thyroid, and testes or ovaries are excised for organ : body

weight ratio. Many of the organs are excised for histopathological studies which includes brain

(three levels), spinal cord, eye and optic nerve, a major salivary gland, thymus, thyroid, heart,

aorta, lung with bronchus, stomach and small intestine (three levels), large intestine (two levels),

adrenal gland, pancreas, liver, gall bladder (if present), spleen, kidney, urinary bladder, skeletal

muscle and bone and its marrow.

4. Genetic toxicology

With the development in the field of toxicology, a new branch has emerged called

genetic toxicology which deals with the effect of any physical, chemical or biological agent on

the genome or in other words induces mutations in experimental animals.



6

4.1 What is a mutation ?

A mutation is defined as a heritable change in the genetic material. A mutation may be a

chemical transformation of an individual gene, called as gene mutation or point mutation or

chromosomal mutation.

A gene mutation can again be classified as base-pair substitution, deletion or insertion.

Base pair substitution can be either transititional or transversional. In case of transition a purine

is replaced by another purine i.e. adenine by guanine or vice-versa or a prymidine

by pyrimidine i.e. thymine by cytosine or vice-versa. A transversion is much rarer form of gene

mutation. In this case a purine is replaced by pyrimidine.

Chromosomal mutations involve numerical or structural changes occurring during Gi

phase of the cell cycle i.e. prior to replication of DNA and hence the whole aberration is

duplicated as a result of replication in S - phase, so that both the chromatids of the chromosome

are involved at identical loci in any breakage and exchange process. Both intra-changes or inter-

changes comprise structural alterations. Inter-changes can be either terminal deletions, minutes

(interstitial, iosodimetric or deletions), acentric rings, centric rings, paracentric or pericentric

inversions. Inter-changes can be either symetrical (reciprocal translocations) or asymetrical

(dicentrics or more complex exchange aberrations). Chromatid aberrations are produced when

only one of the chromatid is broken or exchanged during the S-phase or G2 phase of the cells

cycle. Chromatid aberrations include intercalary deletions, acentric rings, duplications, etc.

Likewise subchromatid aberrations result due to the breakage and exchange of sub-unit of a

chromatid.

Numerical aberrations involve a deviation from the normal diploid number (2n) of a

chromosome. Numerical aberrations can be broadly classified as euploidy or aneuploidy.

Kuploidy deals with a balanced set of chromosomes in which the somatic complement is exact

multiple of the basic chromosome number of the species. Euploidy can be haploid (n), triploid

(3n), tetraploid. (4n) or higher multiples of 'n'. Cells with more than diploid number of

chromosomes are also referred as polyploids. Euploidy is of various types, e.g. c-mitotic

duplication, endomitosis and endo-reduplication. Aneuploidy is irregular change in chromosome

number and not the exact multiple of the basic set, but individual chromosomes are present or
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absent in a multiple state. A loss of one or more chromosome is referred as hypoploidy while a

gain as hyperploidy.

4.2 What are the consequences of mutations ?

By now it is fairly established that spontaneous abortions, still births and heritable

diseases in human are associated with changes in DNA molecule or due to chromosomal

aberrations. It has been estimated that over one thousand dominant gene mutations are known

which are responsible for various illnesses, including hereditary neoplasms such as bilateral

retinoblastoma and an equal number of recessive gene disorders such as sickle cell anaemia,

cystic fibrosis and Tay-Sachs disease. Besides monogenic disorders a large number of

chromosomal associated diseases are also known such as Down's syndrome, Klinefelter's

syndrome, Edward's syndrome. These disorders have been associated to occur with an incidence

of 0.5% among the live births in USA. Besides the above mentioned diseases a number genetic

diseases are known which arise due to defect in DNA repair systems, such as xeroderma

pigmentosum, ataxia telangiectasis, Fanconi's anaemia and so on. Actual effect of environmental

mutagens will manifest only after a lapse of several years. In view of this it is very esssential to

provide data on genetic toxicological safety of the new agents which are going to be used by

human beings. Regulatory authorities, have made it mandatory to provide information on

genetic effect of chemicals or combination of chemicals, before it can be considered safe and

cleared for human consumption.

The main objective of mutagenicity evaluation is to determine the magnitude of genetic

risk to man by an environmental agent under a specified level of exposure. However, there is no

straight forward mechanism to accomplish this situation. For ethical, logistic and practical

considerations information of fnutagenic activity cannot be generated from man. The most

reliable experimental data for extrapolation to man can be expected from mammalian system.

Unfortunately, experiments with mammals are also expensive and time consuming. This has led

to the development of short-term tests for mutagenicity and carcinogenicity. Due to the rapid

growth in the development of the new test systems, there are already over 100 assays, based on a

variety of cell types from different kinds of organisms. The assay system available today involve
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bacteria, yeasts and moulds, Drosophila, mammalian cells in culture and whole mammals and

utilize various genetic end points e.g. gene mutations, chromosomal alterations or DNA damage.

The preliminary information generated from bacterial assays has limited relevance to

human health. Therefore, a battery of tests are used for comprehensive and reliable information.

The Drosophila system provides valuable information and is an ideal in vivo system to evaluate

various types of genetic lesions from molecular to chromosomal level, mammalian cell cultures,

including those of human cells, provide opportunity to detect gene mutations as well as

chromosomal changes in a system which is very close in biological complexity to man. The use

of mammalian cell cultures provide another important advantage that they are based on forward

mutations, thus covering a wide spectrum of mutagenic lesions. In addition to gene mutations

several other genetic end points e.g. chromosomal alterations, DNA damage, non-disjunction and

even neoplastic transformation can be investigated within the same system.

To investigate different types of chromosomal changes bone marrow and spermatogonial

metaphase analysis have been used to investigate somatic and germinal effects. Similarly, the

mouse spot test detects preassumed somatic gene mutations and is relevant for detection of

mutagenic effects of carcinogens in mammals (Chauhan et al., 1983). Spennatocyte test

(Leonard, 1973) has been used to detect germinal effects at meiotic level and the test for

dominant lethals can be efficiently employed to investigate germ cell. sensitivity of the whole

spermatogenic cycle in laboratory rodents (Leonard & Deknudt, 1968). Metaphase chromosome

analysis has been the most widely used method for determining numerical and chromosomal

abnormalities in mammals and man. Both chromosome and chromatid type aberrations can be

investigated. Similarly, bridges and fragments can be viewed at anaphase. Sister chromatid

exchanges (SCEs) resulting in symetrical exchange at one locus between sister chromatids can be

observed in cells which have undergone two cell cycles in presence of 5-bromodeoxyuridine.

SCEs can be scored in lymphocytes in vitro, in bone marrow and spermatogonial metaphase

chromosomes in vivo (Allen & Latt, 1976). A number of cytogenetic techniques have been

developed during the years and extensively used for estimation of genetic risk of ionizing

radiation in particular (UNSCEAR, 1982). Spermatogonial metaphase provides extremely

important information on the effect of mutagens on germinal tissue in laboratory rodents (Adler,

1977). Reciprocal translocations can be scored in spermatogonia with adequate Giemsa banding
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technique while SCEs can also be detected in the differentiating spermatogonia (Nilsson, 1973;

Allen and Latt, 1976). PHA stimulated lymphocytes in cultures provide direct approach of

investigating chromosomal changes in genetic diseases or neoplasia in human subjects as well as

during experimental studies with chemical and physical mutagens. In vitro studies, though

provide a simple system of investigating chromosomal changes under direct exposure conditions,

they lack the intact mammalian physiology and pharmacokinetic mechanisms.

In mammals, bone marrow is perhaps the only tissue which has a high mitotic activity,

sufficiently adequate to allow chromosome studies without any extraneous stimulus thus

providing an in vivo system of chromosomal damage. Bone marrow erythrocytes further provide

uniquely useful characteristic from the point of view of a convenient assay system. The expulsion

of mammalian erythrocyte nucleus follows the final mitotic division by several hours, but the

resulting enucleated cell retain its cytoplasmic basophilia for about 24 h after nucleus expulsion.

Apparently the micronuclei of these cells are not expelled with the nucleus. Increase in the

frequency of micronuclei, in polychromatic (young) erythrocytes (PCEs) and normochromatic

(mature) erythrocytes (NCEs) serve as an index of genetic damage. This method is fast and

equally sensitive as that of the bone marrow metaphase analysis. The red bone marrow, an

actively dividing tissue is the site of erythropoiesis, thus generating erythrocytes from precursor

cells, in addition to various other cell types. However, though, the formation of micronuclei

originating from chromatid fragments in dividing cells has been known since long in

haematological practices, it was only during seventies that they were considered as a monitoring

system in radiation and chemical mutagenesis (Schmid, 1973; Heddle, 1973; Chaubey et al.,

1978 b, c ). Formation of micronuclei are based on the principle that, during anaphase acentric

chromatid and chromosome fragments lag behind (and sometimes due to spindle dysfunction

even whole chromosome). Where as the centric elements migrate to the spindle poles in

telophase both the undamaged chromosomes! and the centric elements give rise to the daughter

nuclei (Fig.l). The lagging elements may be included in the daughter cells too, but a

considerable proportion is transformed into one or several secondary nuclei. These are as a rule

much smaller than the principal nucleus and are, therefore, called micronuclei (Schmid, 1973).

Micronuclei, thus provide indirect measure of chromosomal damage in a relatively simplified

manner. Micronuclei can be observed in most dividing cells e.g. bone marrow, embryos,
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cultured cells, germinal cells, etc. However, bone marrow PCEs provide the most suitable

material for rapid screening of the environmental agents for mutagenicity. Along with the

toxicological procedures, a number of short-term mutagenicity methods have been applied for

safety of irradiated foods.

4.3. Genotoxicity (mutations) and methods for their detection

During the past three decades, more than hundred tes,t systems have developed to assess

the mutagenic and/or clastogenic effect of chemicals, starting from simple microbes such as

Escherichia coli, Salmonella typhimurium lo complex whole mammalian system to human cells

in vitro. Basically methods are developed to detect gene mutations, chromosomal effects, DNA

repair and recombination and other methods which are designed to confirm carcinogenicity.

4.3.1. Gene mutation tests in mice

4.3.1.1 Mouse spot test: This test has been developed to detect gene mutations in somatic cells.

The test involves treatment of pregnant mice whose embryos are heterozygous at specific coat

color loci and examining the newborn for any mosaic patches in the fur. These patches indicate

formation of clones of mutant cells, which are responsible for coat color change (Russell, 1978).

4.3.1.2 Specific locus test: This test was developed by Russell in 1951 to detect mutagenicity of

ionizing radiation in the germ cells. The method was later adapted to use for detecting the

germinal mutations of chemicals (Searle, 1975).

Table 1.2. Utility and applications of Assay

I. Assays that may be used for mutagen and carcinogen screening

1. Salmonella typhimurium reverse mutation assay.

2. Escherichia coil reverse mutation assay.

3. Gene mutation in mammalian cells in culture

4. Gene mutations in Saccharomyces cerevisiae

5. In vitro cytogenetic assay
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Continued

6. Un scheduled DNA synthesis in vitro

7. In vitro sister chromatid exchange assay

8. Mitotic recombination assay in Saccharomyces cerevisiae

9. In vivo cytogenetic assay

10. Micronucleus test

11. Drosophila sex-linked recessive lethal test

II. Assays that confirm in vitro activity

1. In vivo cytogenetics assay

2. Micronucleus test

3. Mouse spot test

4. Drosophila sex-linked recessive lethal test

III. Assays that assess effects on germ cells and that are applicable for estimating genetic

risk

1. Dominant lethal assay

2. Heritable translocation assay

3. Mammalian germ cell cytogenetic assay

Source OECD (1987)

The method involves treatment of control mice to radiation or chemical and subsequently mating

them to a multiple-recessive stock. Resultant Fi progeny have altered phenotypes expressed in

coat color.

4.3.2. Chromosome effects : Cytogenetic effect of radiation or chemical can be observed under

microscope. Treatment of whole animal or cells in culture (both mammalian or human

lymphocyte cells) may result in numerical or structural changes in the chromosomes. Numerical

changes could be either euploidy or aneuploidy. Euploidy is change in whole set of chromosomes

(e.g. tetraploidy, hexaploidy, and so on) whereas aneuploidy results in increase or decrease of one
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or more number of chromosomes. The structural chromosomal aberrations may result in

dicentrics, breaks, deletions, duplications and translations. The test can be performed on

somatic cells e.g. bone marrow, lymphocytes, etc. or on germinal cells.

4.3.2.1 Cytogenetic studies with mammalian cells

In vitro tests : The most commonly used cells are Chinese hamster ovary cells and human

lymphocytes. Cells are cultured in suitable media in vitro and are exposed to radiation or

chemicals. After schedule treatment,- the cultures are terminated, metaphase plates are made and

stained with any nuclear stain e.g. Giemsa or lacto-aceto-orcein and mounted in suitable medium.

Coded slides are examined for numerical e.g. euploidy or aneuploidy and structural

abnormalities, such as chromatid gaps or breaks, fragments, translocations, dicentrics, ring

chromosomes, etc. (Preston , 1981; Brusick, 1987).

In vivo tests

Metaphase chromosome analysis : Rodents (rats and mice) are more frequently used for genetic

toxicological evaluation. Whole animal is exposed to radiation or chemical, after the treatment

schedule, bone marrow is excised and aspirated in some isotonic medium, given a short

hypotonic treatment (KC1), fixed in acetic acid : methanol (1:3) and air dried preparations are

made and stained in Giemsa and examined for different types of numerical and structural

chromosomal abnormalities.

Micronucleus test : This method is relatively simple but equally sensitive to detect

chromosomal damage induced by radiation or chemicals. Micronuclei result due to chromatid or

chromosome fragments or even due to lagging whole chromosome. The test can be applied on

both somatic and germinal cells. Mouse bone marrow micronucleus test has been the most

extensively used system. Coded slides are scored under 1000 X magnification for the

micronucleated polychromatic or normochromatic erythrocytes (Schmid, 1976; Chaubey et al.,

1978a, 1993).
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4.3.2.2 Tests for germinal mutations

4.3.1. Dominant lethal test in rodents : This method is designed to detect genotoxic effect of

radiation or chemical on germ cells of intact rodents, particularly rats and mice. Males are

exposed to radiation or chemical under investigation and are mated with 2 to 3 virgin females

every week over the entire spermatogenic cycle. Females are removed every week. The

sequential mating continues for five weeks in case of mice and 8 weeks in case of rats.

Pregnant animals are terminated just before parturition. Both the horns of the uteri are exposed.

The effect manifests as dead implants and/or pre-implantation losses. These effects originate due

to major chromosomal damages which lead to developmental defect and lead to pre-implantation

or post-implantation losses. Even cytotoxic effects can also lead to early fetal mortality

(Generoso, 1969; Chauhanet al., 1975a).

43.2. Heritable franslocation test in mice : This method detects the heritable chromosomal

damages. The chromosomal damage consists of reciprocal translocation in germ cells of the

treated males and are transmitted to the Fj progeny. Mating of Fi males to the untreated

females, the chromosomal effects are observed as reduction of viable fetuses. Presence of

reciprocal translocations can be verified by the presence of translocation figures among the

double tetrads at meiosis (Generoso et al., 1980).

5. Safety and Wholesomeness of irradiated foods

5.1 What are irradiated foods?

Irradiated foods are those items that have been exposed to the prescribed doses of

radiation for achieving specific benefits. The radiation process does not induce any radioactivity

in food. Radioactive contamination does not happen during food irradiation, because the food

does not come in contact with radioactive source. No induced radioactivity has been observed

in irradiated food, if it is irradiated upto 10 MeV dose of electrons, 5 MeV of X-rays and 1.33

MeVof^Cobalt gamma radiation (Findlay et al. 1992).

Wholesomeness evaluation of irradiated foods involves safety from different aspects, viz.

(1) Radiological safety, (2) Toxicological safety, (3) Microbiological safety and (4) Nutritional

adequacy.
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5.2. Radiological Safety : All foods are radioactive to some extent, albeit at very low doses.

Human population are also exposed to background radiation from outer space and from

naturally occurring radioactive elements in soil, rocks and the atmosphere. Health effects of

background radiation can be extrapolated by extrapolation from those of known exposures to

high doses. On this basis, background radiation has been estimated to cause 0.3-1% of all

cancers in humans (CAST, 1986), but this is believed to be an over estimate of the effect. Short-

lived radioactivity can be induced in some foods if the energy level of the radiation is very high

(greater than 14 Mev of electron beams). Consequently, the Joint FAO/IAEA/WHO Expert

Committee on the Wholesomeness of irradiated foods conservatively recommended 10 MeV as

the permissible energy for electron generators, and 5 MeV for X rays ( WHO, 1965, 1981). The

induced radioactivity has never been observed in foods treated with doses upto 50 kGy (Diehl,

1990). The energy level produced by 60Cobalt and 137Caesium is not enough to cause

radioactivity.

5.3. Toxicological Safety

Ever since the development of food irradiation technology, it has always been felt that

irradiation of food may induce some mutagens. Till 1964, there were only few reports indicating

increased frequencies of genetic changes in Drosophila maintained on irradiated food.

Toxicological safety is the evaluation of the formation or introduction of harmful

substances as a result of exposure of food to ionizing radiation. Over the years a large amount of

information has accumulated on this subject. No other food treated with any kind of processing

has undergone such stringent scrutiny at the hands of toxicologists as food irradiation. Several

long term multigeneration feeding studies in several laboratory animals such as dogs and

monkeys have unequivocally established the safety of irradiated foods exposed upto doses upto

100 kGy dose. Consumption of irradiated food items by more than 400 human volunteers in

Republic of China and USA under controlled conditions for 7-15 weeks did not show any

significant differences between control and test groups. All these studies have precluded the

possibility of any radiation specific toxin n in irradiated food. (Hickman et al., 1964a, 1964b;

Thayer D.W., 1994; George et al., 1976; Chauhan et al., 1975a, 1977)
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The conclusion reached by the joint FAO/IAEA/WHO Expert Committee on the

Wholesomeness of irradiated foods (WHO, 1981) that irradiation of any food stuff at an average

radiation dose of 10 kGy is toxicologically insignificant and additional toxicological

examinations of such foods are, therefore, not required. In the Committees, final evaluation

the general acceptance of a dose of 10 kGy for all types of foods was based on a multitude of

animal feeding studies carried out on different classes of food and on the evaluation of the

chemical compounds formed by the irradiation of the principal components of food, namely

protein, fat and carbohydrates. The Committee also considered studies made available to it on

animal colonies reared on irradiated diets, including some of the comparison of the diets

sterilized by autoclaving or irradiation (25-44 kGy) or treated to destroy pathogens at 15 kGy

and multigeneration and carcinogenicity studies that are performed in different countries. The

Committee concluded that there were no apparent differences between irradiated and

nonirradiated diets in studies where the number of animals examined ranged from 5000 to

500,000.

5.4. Nutritional Adequacy

Nutritional adequacy is the evaluation for possible degradation of nutrients present in

the diet. There is a very large body of scientific literature on the effects of irradiation on the

retention of the water soluble vitamins (Josephson and Peterson 1983; Murray 1983; Diehl

1990; Diehl 1991) . Although effects on vitamin levels vary from food to food but also

depends on their sensitivity to radiation, which is generally in the following order, thiamine,

riboflavin, ascorbic acid, pyridoxine, riboflavin, folic acid, cobalamin and nicotinic acid. The

nutritional losses induced by radiation is dependent very much on the proportion of irradiated

foods in the diet. Fifty years of research have demonstrated that foods can be preserved by

ionizing radiation upto a dose of 10 kGy with good nutritional quality. Many reviews on food

irradiation at international, national and regional levels and all have reached the same

conclusions. Examination of the nutrient losses that do demonstrates that a few vitamins are

adversely affected, particularly thiamine and the tocopherols. At the recommended irradiation

doses and conditions, these losses are small, of the order of 10-20% or less and are comparable



to those seen with other forms of food preservation, such as thermal processing and drying.

Micronutrients and essential minerals and are not affected by radiation.

5.5. Microbiological Safety

Microbiological safety is the evaluation of the presence of harmful micro- organisms,

toxins of microbiological origin or both, in irradiated foods. The Joint FAO/IAEA/ WHO

Expert Committee on the Wholesomeness of irradiated foods which met in 1977 (WHO 1977),

after a detailed and critical review of the available information, concluded that the

microbiological aspects of food irradiation were fully comparable to those of conventional

processes used in modern food technology. Processing of food by irradiation from

microbiological point of view falls into two categories.: (i) high dose treatment (> 10 kGy) for

sterilization (radappertization) and (ii) low-dose treatment (< 10 kGy) for pasteurization

(radicidation, radurization), disinfestation or inhibition of sprouting. The microbiological

implications related to natural radiation resistance of bacteria, yeasts, fungi and viruses or to

the mutagenic effects of ionizing radiation in micro-organisms have been reviewed. (Ingram,

1975; Ingram etal., 1977).

6. Toxicity and mutagenicity evaluation of irradiated foods

With regard to safety evaluation of irradiated foods, most extensive studies have been

carried out with respect to toxicological safety through out the world. Animal feeding studies

with X-irradiated food was carried out way back in 1920's. In 1926, Groedel & Schneider,

concluded that irradiation of food does not produce any toxic factors in animal diets. Similarly,

safety studies based on animal feeding, in vitro tests and chemical investigations, carried out in

different laboratories of United States and other countries, have been very reassuring. Kraybill

1959, has concluded that irradiated foods "have not been found to be toxic to experimental

animals or man. In animal feeding experiments, with a broad spectrum of foods tested

longevity, reproduction and lactation performance in general are the same as for animals

maintained on diets of unirradiated food. Investigations conducted to the present time with

mice and rats have not revealed any evidence as to radiation induced carcinogens"



Ever since the development of food irradiation technology, it has always been felt that

irradiation of food may lead to induction of some mutagens. The International Project in the

Field of Food Irradiation (IFIP), came in to existence in 1970, with its Head Quarters located

at Federal Research Centre for Nutrition at Karlsruhe, Federal Republic of Germany. The main

objective of this organization was to coordinate research on safety evaluation of irradiated foods

between the member countries. During its 12 years of operation, it produced 67 technical

reports and four activity reports and published two extensive monographs (Elias & Cohen, 1977,

1983). None of these studies gave any indication of presence any radiation induced carcinogens

or other toxic chemical. By 1976, most of the animal feeding studies carried out with most of

the major food items, including one or more in vivo mutagenicity tests such as dominant lethal

test and cytogenetics of bone marrow in one or other filial generation of multigeneration study

was completed. But none of these studies indicated evidence of any mutagenic substance present

in the irradiated food, provided appropriate storage periods were applied before animal feeding

studies were undertaken (WHO, 1977).

The development of a large number of in vivo and in vitro mutagenicity tests (Table 1.2),

opened up new possibilities of testing irradiated foods by these procedures. A battery of tests

have been designed to detect reverse mutations in Salmonella (Ames test), gene or point

mutations in different mammalian or human cell lines, chromosomal aberrations (metaphase

analysis and micronucleus test), alterations in DNA replication and DNA repair. These

toxicological tests have been applied to unirradiated or irradiated fish, chicken, dried dates,

mangoes, cocoa beans, dried onions and variety of spices. None of these studies provided any

evidence of genotoxicity by the irradiated foods (Elias, 1983).

After 1976, a number of studies on the toxicological evaluation of irradiated foods also

incorporated genetic toxicological methods such as bone marrow cytogenetics (George et

al.,1976; Reddi et al., 1977) and dominant lethals (Chauhan et al. 1975, 1977; Barna, 1986) in

rodents. None of these studies indicated any adverse genetic effects induced by irradiated foods.

In 1962, The Joint FAO/WHO Codex Alimentarius Commission was created in Rome

with an intention to facilitate worldwide food trade by harmonizing food laws. Around 130

countries have joined this organization and co-operate in this effort. The Commission generates

the Codex Alimentarius, a collection of internationally recognized food standards. With several
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years of negotiations the Codex Alimentarius Commission adopted in 1983, a General Standard

for Irradiated Foods and a Recommended International Code of Practice for the Operation of

Radiation Facilities used for the treatment of foods. The Joint Expert Committee has concluded

that any food item irradiated up to 10 kGy have been fully adopted by the Codex Alimentarius

Commission. WHO has always expressed its full support to food irradiation. In a press release

(In Point of Fact No.40/1987) WHO has called attention to the conclusions of the

FAO/IAEA/WHO Joint Expert Committee of 1980 and to the Codex Alementarius Standards

and concluded:

"As a result of these internationally agreed documents, all countries - regardless of their stage

of development - are encouraged to apply food irradiation. The process not only allows for a

large supply of safe food but also has the advantage of reducing dependence on food treated

with chemical substances.

The World Health Organization sees food irradiation as a process which has the potential to

increase safe food supplies, thus contributing to primary health care.

Widespread information campaigns are still required for food irradiation to be fully accepted.

WHO is concerned that rejection of the process, essentially based on emotional or ideological

influences, may hamper its use in those countries which may benefit the most."



CHAPTER II

METHODS ADOPTED FOR ASSESSMENT OF GENOTOXICITY OF RADIATION

PROCESSED FOODS IN OUR LABORATORY

2.1 Micronucleus test

2.2 Bone marrow metaphase

2.3 Dominant lethal test
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Mutations may occur as a result of interaction between mutagenic agents and the genetic

material of the organisms. A number of toxicants in recent decades, have been found to be

mutagenic to a variety of organisms. The eventual effects of human exposure to these mutagenic

substances are not predictable at present. However, some of the spontaneous abortions, stillbirths

and heritable diseases have been shown to be associated with changes in DNA molecules and to

chromosomal aberrations. The true effects of any additional mutagen in the environment can only

manifest after a lapse of several generations. Therefore extensive investigations in various fields

of mutagenesis is necessary. In addition, tests for mutagenesis in recent years have become more

widely used because of their value as a rapid screening for carcinogenecity. This development

stems mainly from the fact that most mutagens have been found to be carcinogens. In our

endeavour to assess the safety of irradiated foods, we have incorporated two most widely used

techniques used for monitoring Somatic effects, namely : Micronucleus test (MNT) and Bone

marrow metaphase analysis (BMA). For investigating Germinal effects we have used

Dominant lethal test (DLT).

Before going into results of our experiments on the somatic and germinal effects of

irradiated foods using MNT, BMA and DLT as the genetic end points, it would be essential to

understand the principles, methodologies, advantages and disadvantages of these methods for

better appreciation. These methods have been extensively used by us to detect the somatic and

germinal effects of ionising radiations (Chaubey et al 1978a) and environmental agents (Chaubey

et al. 1977a, 1978b; Chauhan et al., 1975a) and irradiated foods (Chaubey et al., 1978a;

Aravindakshan et al., 1978).

1. Micronucleus test

The micronucleus test, initially developed independently by Schmid and Heddle, in early

1970's, is being increasingly used to assess the clastogenic effect of ionising radiation and

chemical mutagens in mammalian (Schmid, 1975; Heddle, 1973; Chaubey et al., 1978a) and

human lymphocytes in vitro (Fenech & Morley 1985). The test serves as an useful indicator of

cytogenetic damage and till to date has been proved to be a convenient and rapid method of

screening chromosomal damage in vivo in mice with about the same sensitivity as that of bone

marrow metaphase analysis (Schmid, 1975)
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Principle of micronucleus test

The test is based on the principle that chromatin fragments, which may be produced by

the clastogenic and/or mutagenic agents or spindle poisons lag behind during anaphase due to

lack of centromere and spindle malfunction, are not included in to the nucleus of the daughter

cells. These small fragments of chromatin or even whole chromosome subsequently give rise to

micronuclei, which are present in the cytoplasm of the daughter cells (Figl)

Materials and Methods >

• Fetal calf serum, Giemsa powder, May-Grunwald stain powder (SIGMA Chemicals, USA),

• Euparal mounting medium (Stuttgart-Unter Turkheim, Germany),

• Glycerol, methanol (BDU India),

• Microscope slides, polished cover glasses (Polar Industrial Corporation, Mumbai).

• Centrifuge tubes, syringes and needles were obtained from local suppliers.

Procedure for MNT

• After the schedule treatment, animals were killed by decapitation and both femur bones were

excised and bone marrow smears were prepared as reported earlier (Chaubey et al., 1975).

• Both the femora were cleared from the adhering muscles and tissues with the help of cotton

gauge.

• Bone marrow was aspirated in a centrifuge tube containing fetal calf serum with a 25 gauge

needle. The tube was centrifuged at 1000 r.p.m. for 5 min.

• Supernatant was removed with the help of Pasteur pipette.

• The sediment was mixed thoroughly with the help of a Pasteur pipette in its capillary part.

• A drop of the sediment was kept on the slide and smeared. Two slides were prepared from

each animal. The slides were allowed to air dry.

• First, the slides were stained for 3 min in undiluted May-Grunwald 0.25% May-Grunwald

stain in methanol), then in diluted May-Grunwald (1:1 with distilled water) for 2 min.

• Slides were rinsed in distilled water and again stained for 10 min. diluted Giemsa (1:6 with

distilled water).



21

•—

c
E
L
Li

C
Yi
C
L

Inter phase

S-dependent
agents

S-Jndpendent
agents

Prophase

Metaphase

Anaphase

Telophase

-Main Nucleus

-Micronucleus

Expulsion of
Main nucleus

-MN-PCEs
(Bluish)

After 24h

MN-NCEs
(Pinkish)

Fig.2.1. Diagramatic representation of the mechanism of micronucleus formation.
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• Slides were rinsed in distilled water, dried and cleared in xylene for 5 min. and mounted in

euparal.

• From each coded slides 1000 polychromatic erythrocytes (PCEs) and the corresponding

number of normochromatic erythrocytes (NCEs) were scored at 1000 X magnification in oil

for the presence of micronucleated erythrocytes.

Statistical evaluation

Data were evaluated by the analysis of variance and t-test statistics (Morison, 1967). The

Bartlett test was applied to determine the homogeneity of the variance. The difference was

considered significant at p <0.05.

2. Bone marrow metaphase preparation.

Materials and Methods

• Colchicine, orcine, potassium chloride (SIGMA, USA).

• Euparal, euparal essence (Stuttgart-Unter Turkhein, Germany).

• Lactic aid, acetic acid, methanol were obtained locally and were of analytical grade.

Procedure for Bone marrow metaphase analysis

• The animals were injected intraperitoneally with 1 mg/kg colchicine in distilled water and

killed 2 h post treatment by cervical dislocation.

• Both femur bones were removed, and the bone was aspirated in 2 ml of Medium 199

(volume was finally raised to 8 ml), and suspended with the help of a 26 gauge needle in a

small petridish. Tissue debris were left behind in the petridish and clear cell suspension was

collected with the help of a Pasteur pipette in a centrifuge tube.

• The cells were centrifuged at 1000 r.p.m. for 5 min, the supernatant was discarded and the

pellet was resuspended and subjected to hypotonic treatment (0.42% K.C1) for 5 min. The
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supernatant was transferred to another test tube and cells centrifuged after a total of 20 min.

hypo tonic treatment.

• The cells pellet were then fixed in methanol : acetic acid (3 :1) for 15 min. The cells were

centrifuged at 1000 r.p.m. for 7 min. the supernatant was removed with the help of a Pasteur

pipette. Three changes of fixative were given.

• Few drops of fresh fixative was added and the cell button was mixed and the cell density was

checked before the slides were prepared by the flame-drying technique. Four slides were

prepared from each animal.

• The slides were stained in lacto-aceto orcein, destained in 40% acetic acid passed through

cellosolve dehydrated in euparal essence and mounted in euparal.

• From each coded slides fifty randomly selected metaphase plates were screened under phase

contrast microscopy at 1000 X under oil, for different types of asymmetrical exchanges e.g.

chromatid gaps, chromatid breaks, chromosome breaks, acentric fragments, dicentrics and

polyploid cells. Chromosome numbers were counted in each plate. Where ever abnormalities

were observed, their position was recorded on the slide. A break was scored when a portion

of a chromatid was displaced further than its width. A gap was scored when a chromosome

or chromatid contained unstained material no larger than the width of the chromatid.

Statistical analysis : Analysis of variance, t-test were used for the statistical evaluation of the

data (Adler & Roesoler, 1968). The differences were considered significant at p < 0.05.

Data was also analysed by Kolmogorov-Smirnov test of non-parametric analyses (Massey, 1951)

3. Dominant lethal test

The dominant lethal test originated from the pioneering work of Hertwig (Hertwig et

a!., 1935) and Snell (1935) more than six decades ago. They showed that irradiated male

mice mated with untreated females produced smaller litter size as compared to the

untreated males. This decrease in litter size was due to increased intrauterine deaths, which took

place either before or after implantation of the zygotes. Dominant lethal test has been used

extensively as a convenient indicator of genetic damage for detecting the effect of radiation and

for more than two decades is being used in chemical mutagenesis. The method has been
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described and evaluated by several authors. (Epstein et al., 1968; Rohrborn 1970, Bateman et al.,

1971; Chauhan et al., 1977; EhJing 1977; Chauhan et al., 1980).

Principle

Dominant lethal mutation (DLM) indicates major chromosomal damage such as aneuploidy

and translocations (Batemann 1958, Epstein 1973). DLM is a genetic event that kills an

individual who carries it in a heterozygous state. Therefore, the embryo is eliminated and does

not result in genetic damage to mankind and generally result in abortions. The mutation can kill

the zygote at any time during development. However, deaths are restricted to the early phase of

gestation, mostly before, during or soon after implantation. Late deaths of the embryos also occur

but are relatively rare.

Standard requirements

Dominant lethal assay is a simple technique to perform but provides very useful

information on the effect of the agent under investigation at specific stages of gametogenesis.

Hence it is important for the researcher to have good knowledge of the gametogenesis i.e. both

spermatogenesis and oogenesis and the reproductive processes in mammal, .e.g. mouse and rat.

The control population of the test animal must be well characterised and detailed reproductive

behaviour should be established before undertaking any screening programme (Green et al.,

1973; Ray et al., 1973; Chauhan et al., 1977).

Procedure for DLT

• A test compound is administered orally, parentally or by inhalation to male rats or mice at 3-4

dose levels of which the highest level should show signs of toxicity without interfering with

reproduction.

• The dosing schedule should be varied to include single, multiple or chronic treatment

depending upon the metabolic characteristics and human exposure conditions of the

compound.

• Immediately following or concurrently with dosing, sequential mating trials are conducted.

Each male is caged with 2 untreated adult virgin females.
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• The females are replaced at weekly intervals. These matings represent sampling of sperms

exposed to test compounds in the post- meiotic, meiotic or pre- meiotic phases of

spermatogenesis.

Male germ cells

Spermatogenesis follows a definite pattern of development which is well defined in rats,

mice and humans and is approximately 56, 70, and 64 days respectively. The testis of an adult

contains the sequence of all different stages of the germ cells. The stem cell of the seminiferous

epithelium , is a type A spermatogonium , which divides into two cells , by about 9 days. One

daughter cell, a first generation type A definitive spermaogonium undergoes five mitoses during

the next week to produce 32 spermatocytes. The successive generations of spermatogonia are

called type A and type B . The spermatocyte is the meiotic cell and persists for about two weeks

mostly in pachytene stage. The last three weeks of maturation are the post- meiotic stages

during which spermatid does not divide and undergoes a complex metamorphosis into

spermatozoon passing through 16 recognisable stages and then passes from the seminiferous

tubule into the epididymis. The remaining type A spermatogonium becomes stem cell for

renewal of the next cycle (Oakberg., 1956).

The highly organised and time bound process of spermatogenesis provides an excellent

opportunity of evaluating the susceptibility of different germ cell stages towards a mutagenic

agent. If a male is mated for successive weeks following treatment with a chemical, the results

of each week's mating represents the response of a specific maturation stage to the chemical

(Table 2.1). In fact finer subdivisions within a week can be examined by timing the pregnancy.

Male germ cells multiply during the whole fertile phase of adult mammalian life whereas

in case of females, they are born with a finite number of oocytes. Female germ cells multiply in

fetal life and after birth there is no formation of new oocytes. As a consequence of degeneration

and ovulation the total number of oocyte progressively decreases. The unfertilised oocytes

degenerate in metaphase II and unlike in spermatogenesis there is no long post- meiotic phase in

oogenesis. A different response to the same mutagen in males and females of the same species

has been reported.
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Table 2. 1 : Correlation of Spermatogenic stages in rat and mouse

Cell type represented Days after treatment with

at insemination test chemical

Rat Mouse

1. sperm in epididymis 1-14 1-7

2 spermatid 15-35 8-21

3. spermatocyte 36-49 22-35

4. Resting spermatocyte 50-56

and spermatogonia type B

5. Intermediate and type A 57-63 36- 56

spermatogonia

6. Type A spermatogonia and 64-70

stem cells

Female germ cells

For the assessment of potential mutagenic hazards, the response in the female is just as

important as the male (Rohrborn and Berrang 1967, Generoso 1969). In female animals reduction

in the number of live embryos following pre-fertilisation treatment could be due to genetic

damage or to the interference by the agent with normal oogenesis, ovulation , fertilisation or

maternal physiology. This could render the detection of dominant lethal mutations impossible.

Females are however less suitable than males as chemicals acting systematically in the female

could interfere with the hormonal status. This may affect her competence to carry pregnancy,

ability of her endometrium to respond to the implanting ovum and thus initiate the pregnancy.

The maturation of the oocyte, its chance of being fertilised, its cleavage divisions and the

ovulation rate may also be affected. All these factors make extreme caution necessary in

interpreting studies in the female. There is also the simple technical point that while the
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mutational response of a male can be analyzed by mating him to several females at the same or

different times, the response of a female can be studied only in a single pregnancy.

Reproduction.

In case of mice, matings usually take place in the night and after copulation a hard vaginal

plug is formed in the female which can be recognised the following morning to confirm

the pregnancy. The fertilisation takes place in the oviduct. Subsequently cleavage phenomenon

sets in and blastocysts are implanted on the crypts of the uterine wall at about four and a half

days post-coitum. Meanwhile pink coloured corpora lutea are formed in the shed follicles of the

ovary which produce the hormone progesterone, which is essential to maintain pregnancy.

After implantation at four and a half days, growth and differentiation proceed very fast so

that by nine and a half days major organs are formed and during the period of about 10 days,

further growth and differentiation of the existing structures is completed. Young ones are

delivered usually by 19 or 20 days after fertilisation. The placenta develops from 8 XA days and

grows according to the nutritional need of the foetus.

An embryo may die very early at the cleavage stage and therefore fail to implant . If it

dies around the time of implantation it will evoke the normal decidual response, leading to the

formation of a deciduoma or a small mole which will persist in the uterus until birth a small

lump. Death somewhat later, or soon after placenta formation will lead to the persistence of a

large mole on examination in late pregnancy, since the placenta also remains intact until birth. In

case of later deaths, foetal remains can be seen and day at death determined by such criteria as

pigmentation of eyes and state of development of limbs. Therefore dominant lethal mutations can

act before or after implantation. Those acting before implantation and not evoking decidual

response are known as pre- implantation lethals, the others are post- implantation.

Dominant lethals represent the proportion of fertilised eggs which fail to develop into a

live foetus. Females are sacrificed by cervical dislocation and abdominal contents exposed by

mid ventral incision. Both the uterine horns are opened longitudinally ^nd are examined for live,

dead and total implantations.
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Characterization of the test animal: Historical control data

Due to the simplicity of the dominant lethal mutation assay, it has been widely accepted

and evaluated in toxicology. However, the experience over the years has shown that in the

absence of certain pre- requisites eg. characterization of the large control population of the test

animal and due to lack of sufficient experimental material the test may give rise to non

reproducible , false positive or false negative results. A detailed characterisation of the

reproductive behaviour of the large control population of the test animal should therefore be

undertaken to define the range and cyclic variation in fertility, total implantations, pre- and post-

implantation losses etc. to have sufficient background data. The sensitivity of the strain of the

animal to known mutagens must be established prior to actual testing programmes. Continuous

surveillance of the mouse is absolute necessity to identify spurious changes in dead and live

implantations. We have been monitoring our population of mice and rats since beginning of

1971. Data on the distribution of weekly mean total implantations in mice has been symmetrical

around an overall mean 9.3 per pregnancy ranging from 8.2 to 10.0 . Similarly, in rats the

implantations ranged from 10.0 to 11.3 with a mean of 10.7 per pregnancy. Data generated from

1520 rats 6085 mice showed 0.86 and 0.64 mean dead implantations per pregnant female

respectively. The total and live implantations showed a somewhat a normal distribution, whereas

dead implantations were markedly skewed and appeared to closer to poison distribution.

Table 2.2 : Dominant lethal mutations : Swiss mice Historical control, 1971

through 1998

Year

1971
1972
1973
1974
1975
1976
1977
1978

Preg.
Fern.

283
788
497.
127
156
116
137
115

Implants
No. per

2510
7293
4657
1163
1416
1078
1232
.1072

fern

8.9
9.3
9.4
9.2
9.1
9.3
9.0
9.3

No.

216
450
326

63
76
65
84
74

Dead implants
per fem.

0.76
0.57
0.66
0.50
0.49"
0.56
0.62
0.64

%

8.6
6.2
7.0
5.4
5.4
6.0
6.8
6.9
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Continued

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Over all

92
90
403
298
233

1081
183
135
140
120
105
80
54
100
158
124
52
107
138
173

6085

850
894

3531
2827
2271
10352
1665
1201
1288
1090
1046
734
497
1003
1538
1101
480
997

1129
1526

56441

9.2
9.9
8.8
9.5
9.7
9.6
9.0
8.9
9.2
9.1
10.0
9.2
9.2
10.0
9.7
8.9
9.2
9.3
8.2
8.8

9.3

76
59

246
216
158
788
92
81
98
72
56
40
35
51

122
81
40
68
85
95

3913

0.83
0.66
0.61
0.72
0.68
0.73
0.50
0.60
0.70
0.60
0.53
0.50
0.65
0.51
0.54
0.65
0.77
0.64
0.62
0.55

0.64

8.9
6.6
7.0
7.6
7.0
7.6
5.5
6.7
7.6
6.6
5.4
5.5
7.0
5.1
7.9
7.4
8.3
6.8
7.5
6.2

6.9

Table 2.3 : Dominant lethal mutations : Wistar rats Historical control, 1972
through 1981

Year

1972
1973
1974
1975
1976
1977
1978
1979

1981

Preg.
Fem.

98
237
264
128
176
117
217
131

152

Implants
No. per

1058
2644
2928
1163
1982
1167
2287
1385

1613

fem.

10.8
11.2
11.1
9.2
11.3
10.0
10.5
10.6

10.6

No.

66
213
251
63
154
99

169
137

120

Dead implants
per fem

0.67
0.90
0.95
0.50
0.88
0.85
0.78
1.05

0.79

. %

6.2
8.1
8.6
5.4
7.8
8.5
7.4
9.9

7.4

Overall 1520 16227 10.7 1272 0.84 7.8
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Fig.2.2. Sensitivity of dominant lethal mutations in mice to known physical and chemical

mutagens to different stages of spermatogenic cycle.
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Computation

• Percent pregnancy : Percent pregnancy in the control and treated groups and

pseudopregnancies are recorded.

• Pre-implantation lethality: Reduction in the average number of implants per pregnant female

in the treated group gives an estimate of the pre-implantation lethality. Pre-implantation

deaths can however occur due to non genetic factors and therefore is of limited value in

reflecting true mutation character of a compound. Additional investigation for non-genetic

factors such as impairment of fertilization or germ cell killing may have to be undertaken in

case the pre-implantation lethality is induced in the absence of any post-implantation

lethality.

• Post-implantation lethality: Increased incidence of dead implantation is a direct measure of

dominant lethal mutations.

• Mutagenic effects can best be expressed as dead implants per pregnant female. Other

expressions such as percentage dead implants in relation to total dead implants can also be

made.

• Live implants: The number of live implants per pregnant female in control and treated groups

is of special interest. It expresses both pre- and post-implantation lethality.

• Individual characteristics were calculated as follows

Number of dead implantations
Post-implantation loss =

Number of pregnant females

Number of dead implantations
%Post implantation loss = x 100

Number of implantations

Total number of implant.in the group
Total no. of implants = —
per female Number of females in the group

Number of viable implants in the group-
No.of viable implants = x 100
implants per female Number of females in the group
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No. of pregnant females
Pregnancy percentage = x 100

Total number of females

Advantages

• The DLT allows testing of the mammalian germinal cells for chromosomal damage in a

reasonable time taking into account the mammalian metabolism. By adopting different routes

of dosage administration such as oral intramuscular, intraperitoneal, intravenous, etc., human

exposure conditions can be simulated.

• An opportunity is provided to examine differential sensitivity of various germ cell stages to

chemical mutagens.

• It is less expensive as compared to other germinal mutation tests in mammals.

• It is technically easy, simple and can be incorporated conveniently within the framework of

general toxicological practice.

Limitations

• Nongenetic factors e.g. impaired fertilisation and oligospermia can be confused with pre-

implantation lethality.

• Genetic analysis of the mutant is not possible and the gene goes undetected.

• Statistical models have proved to be complex and for a weak mutagertic effect large sample

size is required.
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Summary

This study was undertaken to assess the genotoxic effect of feeding irradiated (0.75 kGy)

and stored (2 weeks) or freshly irradiated wheat to Wistar rats. Diets containing different

proportions of non-irradiated or irradiated wheat were fed to Wistar rats for 1 or 6 weeks.

Cytological analysis of the bone marrow metaphases showed no significant difference, in the

frequency of polyploid cells in the rats fed non-irradiated or irradiated wheat diets, even when the

treated wheat was fed to the rats within 24 hr of irradiation. The data clearly indicate failure of,

stored or freshly irradiated (0.75 kGy) wheat to induce any genotoxic effect as evaluated by the

induction of polyploid cells in the bone marrow of rats.

1. Introduction

Safety aspects of irradiated food for human consumption was always one of the major

concern for the commercial utilisation of this new technology. Right from the first meeting

organised by the International Atomic Energy Agency (IAEA), where 28 countries participated to

review the progress in the field of food irradiation, health authorities in those countries, were

hesitant to grant permission for marketing irradiated foods for human consumption. Even at that

time, three countries Canada, United States and the Soviet Union, had given clearance for five

food items, exposed to low doses of radiation for human consumption (IAEA, 1966). The

joint FAO/IAEA/WHO Expert Committee (1970), which reviewed data relating to the

wholesomeness of irradiated wheat, stated that extensive studies in animals fed wheat irradiated

with up to 2 kGy had revealed no evidence that irradiated wheat was toxic or carcinogenic.

However, in view of the changing practices in the toxicological evaluation of all chemicals,

including drugs, pesticides, food additives and air and water pollutants, the Committee also

recognized the need for studies involving the in vivo evaluation of irradiated foods for

mutagenicity and cytotoxicity in mammals. Mean while, with the exception of Moutschen-

Dahmen, Moutschen & Ehrenberg (1970), who reported an increase in pre-implantation losses in

mice after the feeding of an irradiated diet, investigators (Chauhan et al., 1975a, b; Eriksen &

Emborg, 1972; Renner, Grunewald & Ehrenberg-Kieckebusch, 1973) have observed no evidence

of induced mutagenicity in tests for dominant lethals in rats and mice fed diets exposed to high

doses of radiation ( 25 to, 50 kGy) and containing wheat as a major component. Similarly, the
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feeding of freshly irradiated wheat (0.75 kGy) did not induce any mutagenicity in male Wistar

rats(Chauhan etal., 1977).

Vijayalaxami & Sadasivan (1975) reported that feeding of irradiated wheat exposed to

0.75 kGy and fed within 20 days of irradiation induced a high frequency of polyploid cells in the

bone marrow of rats. Since an effect of this kind has never been suggested

as a consequence of the consumption of irradiated diet, it was considered of interest to examine

these observations. We report here our findings on the frequency of polyploid cells in the bone

marrow of rats fed irradiated wheat.

2. Materials and Methods

2.1. Materials.

Colchicine, orcine, potassium chloride (SIGMA, USA), euparal (Stuttgart-Unter

Turkhein, Germany) eupara! essence, were obtained from above mentioned companies.

Remaining other chemicals e.g. lactic aid, acetic acid, methanol were obtained locally and were

of analytical grade.

2.2. Experimental design

Animals and diets

Female inbred Wistar rats reared in this Research Centre were used throughout the study.

Experiment 1.

Rats 6 - 8 weeks old, were randomly assigned to two groups of six animals each and fed

for 8 weeks on a stock diet (Table 3.1) containing non-irradiated or irradiated wheat (control and

test groups, respectively). In accordance with the established procedure for testing the

wholesomeness of irradiated foods, the irradiated wheat was stored for 2 weeks at room

temperature, along with the control samples, before being powdered for incorporation in the diet.

Experiment 2.

Rats, ( 6 -8 weeks old), were randomly divided into ten groups of six each. Three of these

groups were fed a 5% protein diet (Table 3. 2) for five weeks, while the other seven received

stock diet (Table 3.1). One group on the low protein diet (5 % protein) and one on the stock diet
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were then sacrificed for bone-marrow metaphase analysis. The remaining groups were then fed

for a further period of 6 weeks on control (non-irradiated) or test (irradiated) diets containing

the various proportions of wheat shown in Table 3.3. The wheat was again stored for 2 weeks

between irradiation and use.

Experiment 3.

A group of six 20 weeks old rats consumed for 7 days stock ration containing 70%

irradiated wheat, which was fed to the animals within 24 h of irradiation. Group I of experiment

2, which was maintained on stock ration containing 70 % non-irradiated wheat served as the

control.

2.3. Irradiation

Wheat was irradiated at 0.75 kGy using a Cobalt-60 y-ray source at a dose rate of 30

Gy/min. In experiments involving the feeding of irradiated wheat, within 24 h of irradiation, (the

cobalt-60 y-ray cell), dose-rate of 63 Gy/min, was used.

2.4. Bone marrow metaphase preparation.

For details of the procedure adopted for metaphase preparation , please refer to chapter 2

of this report. Statistical analyses of the data was carried out using a t-test and the Kolmogorov-

Smirnov test of non-parametric analyses (Massey, 1951).

3. Results

The quality of the preparations varied from sample to sample. In most cases about 40%

of the metaphases showed good chromosome spreads, about 30% were medium spreading types.

The mitotic index (MI) ranged from 2.5 to 3.4 % in these samples. The number of polyploid

cells, either well spreading or non-spreading and having 4n =84 varied from slide to slide. In

most of the polyploid cells the chromosomal complements were in a condensed state. Since the

frequency of polyploid cells was low, all the metaphases, irrespective of whether they were well

spread or medium spread, were included for the purpose of computing the frequency. This

represented about 65 to 75% of all dividing cells in each slide. In the majority of samples studied

more than 3000 metaphases could be scored. Some sort of clustering was evident in the
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distribution of polyploid cells. The percentage of polyploid cells was computed for and the

significance of the data obtained for the various groups was assessed.

It was evident from the results of the first experiment that the feeding of irradiated wheat

at a level of 70% in the stock diet did not provoke any significant increase (p>0.05; n=6) in the

frequency of polyploid cells, the mean values obtained for the control and test groups being

0.213 ±0.051 and 0.249 ±0.041% respectively. A marginal decrease was observed in the

ploidy levels of rats fed low protein diet (group VIII) compared with those on the stock diet with

a protein content of 16% (group VII), but the difference was not statistically significant (Table

3.4). No significant increase in the frequency of polyploid cells was observed in any of the

groups (II, IV, VI, X) fed diets containing different proportions of irradiated wheat (Table 3.4).

The distribution of polyploid cells in the control and test groups was shown to be normal (Fig.l

a) by the Kolmogorov-Smirnov test. The pooled data did not suggest any bimodel distribution

(Fig,l b). In all these cases P>0.2. A slight increase in the polyploid cells was observed in

animals fed the 90% irradiated wheat diet (group IV) but the value was neither statistically

significant (p>0.05) nor attributable to the feeding of irradiated wheat, since no such increase

was observed in animals fed diets containing 100 or 75% irradiated wheat. Furthermore, the

feeding of freshly irradiated wheat within 24 h of irradiation to another group of rats showed a

mean percentage of 0.283 ± 0.029 polyploid cells, a value again not significantly different from

the values for the relevant control group (0.217 ± 0.017; p>0.05, n=6).

4. Discussion

Polyploidy is a situation when diploid (2n) number of chromosomes become tetraploid

(4n), hexaploid (6n), octaploid (8n) or even higher multiple of haploid (n) number. The 2n

number in mice, rat and humans are 40, 42 and 46 respectively. The frequency of polyploid

cells varies between individuals. The number of polyploid cells may vary between organs of the

same individual. The control value of polyploid cells in bone marrow and peripheral blood of

human varies from 0.1 to 1.0%. Liver cells may show even much higher frequency of polyploid

cells and is not considered as a sign of abnormality. However, very high incidence of polyploidy

has been reported during cancer, viral infections and senility (20% or even more). The actual

biological significance of polyploidy is still obscure (Diehl, 1990).
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Legend for Fig. 1. Distribution of polyploid cells (4n =84) in rat bone marrow : (a)
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2.8% P>0.2).
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The significance of tissue-specific somatic ploidy, characteristic of highly differentiating

tissues in mammals and man, is not properly understood. Polyploid cells have been found to

occur in various tissues, such as liver, bone marrow and the epithelium of the urinary bladder in

xats, mice, hamsters and rabbits (Alfrets & Geschwind, 1958; Carriere, 1969; Ingalls &

Yamamoto, 1972; Naora & Naora, 1964), but a change in their frequencies has never been

considered in the toxicological evaluation of any environmental factor. The reported increase in

polyploid cells in the bone marrow of rats fed unstored irradiated wheat (Vijayalaxami &

Sadasivan, 1975) has not been confirmed during the present study. The statistical significance

reported by these workers arose because of very low values seen in their control animals (0.00

and 0.10% in well fed and under fed rats, respectively); in their subsequent studies the frequency

of polyploid cells in animals fed non- irradiated diet (20% protein) ranged from a mean value

of 0.08 to one of 0.25% (National Institute of Nutrition, 1975). The same group of

workers reported no increase in polyploid cells of rats fed stored irradiated wheat (Vijayalaxami,

1975). In a recent paper, Frohberg & Schulze Schencking (1975) have shown that the incidence

of polyploid cells differ from species to species, values of 0.16, 0.31 and 0.19% having been

observed in control mice, Chinese hamsters and rats respectively. The control value of polyploid

cells (0.217%) in the bone marrow of rats observed in this experiment is similar to that of

Frohberg & Schulze (1975), 0.19% in control rats.

Bronnikova & Okunara (1973), using irradiated wheat and other cereals failed to observe

any difference in chromosomal damage and ploidy levels in mice fed irradiated wheat as

compared to control. In our own study on the genotoxic effect of feeding irradiated wheat (0.75

kGy) stored for (2 weeks) or freshly (24 h), in different proportions to rats did not show any

increase in the frequency of polyploid cells (George et al. 1976).

The studies conducted by National Institute of Nutrition (NIN), Hyderabad, indicating

increase in the frequency of polyploid cells in rats (Vijayalaxami & Sadasivan, 1975) and

malnourished children fed irradiated wheat is generally cited as adverse effects of irradiated food.

The study conducted by NIN had two main technical drawbacks (Table 3.5, 3.6). The occurrence

of polyploid cells is a rare phenomenon, hence a sufficiently large number of mitotic cells has to

be scored to arrive at the realistic figure. As mentioned in their studies (Table 3.6), they have

counted only 500 consecutive cells per animal.
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Since the frequency of polyploid cells in bone marrow cells of rats is in the range of 2 to 3 per

thousand, it is likely that an observer may see zero polyploid cell or even 2 or 3 in 500 cells, this

may lead to highly erroneous value of polyploid cells. In order to detect reliable and realistic

frequency of polyploid cells, an observer has to count thousands of mitotic cells to detect the

effect of feeding irradiated diet. Another problem with cytogenetic studies is its subjective

nature. It is essential that the chromosome preparations should be of very high quality and the

observer should be highly trained, dedicated and must have sufficient expertise in the field of

cytogenetics to detect chromosomal abnormalities or polyploid cells. If two metaphases happen

to superimpose on each other it is sometimes difficult to distinguish between true polyploid cell

or an artifact.

In the NIN study on malnourished children, 0% polyploid cells were observed in five

children receiving non-irradiated wheat, 0.8% in the group receiving irradiated wheat (0.75 kGy)

for 4 weeks, 1.8% in the group receiving irradiated wheat for 6 weeks. In this study only 100

metaphases were counted per children. Each of the groups comprised of 5 children and 500

cells were counted for each group, the percentage reported thus relate to 0, 4, and 9 polyploid

cells respectively in each group. The authors have given only group values, not in each

individual. In case they have detected all the polyploid cells in a single individual, then any

conclusion regarding possible dietary effect is impossible. The group mean is given as arithmetic

mean without standard errors. Hence it is not possible to validate the authors' claim that the

difference between the groups given irradiated or unirradiated wheat is statistically significant. It

was also surprising to observe that no polyploid cells were seen among 500 cells counted in the

control group. The most intriguing thing in this study was not the observation of normal (0.8%)

or slightly above normal (1.8%) frequency of polyploid cells, but it was below- normal (0 %)

incidence of polyploid cells in the control group. No further details whether the scoring was done

blind or regarding the diet given to the children. They have just mentioned that the diet contained

20 g wheat/kg body weight, but there is no mention whether the children eat raw grain?, whole

wheat flour?, Cooked?, baked ? In the absence of this information, no body can exactly repeat

this study. In the absence of sufficient description about the methodology, the data so generated

is scientifically worthless. In this study, no increase in chromosomal aberrations was observed in

malnourished children, however, in another study, Armendares et al. (1971) observed a high



incidence of chromosomal aberrations (12-21%) in the lymphocytes of malnourished Mexican

children as compared to the well-fed children (2-4%). In the NIN study, the authors did not

observe any increase in the frequency of gaps, breaks and deletions in children consuming freshly

irradiated wheat. In fact these are more commonly induced changes in chromosomes as

compared to ployploid cells had the diet exerted mutagenic effect (Bhaskaran & Sadasivan,

1975).

Similarly, other studies on mice (Vijayalaxami, 1976), rats (Vijayalaxami & Sadasivan,

1975), and monkeys (Vijayalaxami, 1978) conducted by NIN, Hyderabad suffer drawback on

technical and statistical grounds. In a series of studies conducted by another group of Scientists

from India, using a variety of mutagenicity test methodologies such as dominant lethal test,

specific locus mutation test, chromosome rearrangements in males and and gonadal cell survival

in females, the authors concluded that feeding of irradiated wheat did not induce any genetic or

cytogenetic effects in mice ((Reddi, et al. 1977).

Renner (1977) examined the effect of feeding sterilized diet (10 to 100 kGy) to Chinese

hamster for periods of 24 h or 6 weeks and examined chromosome aberrations. He did not

observe any chromosomal aberrations, but 4 to 5 fold increase in ploidy was observed within 24

h of feeding diet irradiated with 45 kGy. After withdrawal of feeding irradiated wheat, the pioidy

level declined to control value within six weeks.

Vijayalaxami (1978) reported her findings on cytogenetic investigations on peripheral

lymphocytes of monkeys fed 70% non-irradiated or 70% freshly irradiated (0.75 kGy), wheat

stored for more than 3 months before feeding. In this study also, no differences were observed

with regard to chromosomal damage, between monkeys fed unirradiated or irradiated wheat, but

an increase in ploidy was reported in monkeys fed freshly irradiated wheat. This reported

increase in the frequency of polyploid cells in the peripheral blood of monkeys fed stored

irradiated wheat also suffers from statistical inadequacy as those of the studies in rats and mice

by the same author.

Tesh & Palmer (1980), did not observe any difference in the frequency of ployploid cells

in rats, of either sex, fed irradiated wheat (0.75 kGy) at 75% level! and non-irradiated wheat.

Further studies in rats using other somatic (micronucleus test) and germinal (dominant lethal)



40

genetic end points also did not reveal any difference between the groups fed irradiated or non-

irradiated wheat.

Review of literature showed some 20 studies which were carried out to evaluate the

potential of irradiated wheat to induce dominant lethals in rats and mice. Out of these only two

studies conducted by Vijayalaxami (1976) and Vijayalaxami & Rao (1976) showed an increase in

dominant lethal mutations. It looks unlikely that the reported increase by these authors in

dominant lethal mutations is due to feeding irradiated wheat at 0.75 kGy, since no other study

carried out at much higher doses showed any such effect.

To settle the controversy between National Institute of Nutrition, Hyderabad and Bhabha

Atomic Research Centre, Mumbai on the effects of feeding irradiated wheat on various genetic

and cytogenetic phenomena, Ministry of Health, Government of India, appointed an Expert

Committee in October 1975, to review the data from both the Institutes. The Expert Committee

submitted its report in July 1976, and was very critical about the work of Vijayalsami et al., who

were described as "victims of preconceived notions", their data being "not only mutually

contradictory but also at variance with well established facts of biology". The Committee,

concluded that neither the experimental design nor the results were such which could

demonstrate a treatment-related induction of polyploidy as shown by National Institute of

Nutrition (Diehl, 1995).

In an attempt to resolve the issue of increased incidence of polyploid cells in rats fed

irradiated wheat, at the request of International Project in the Field of Food Irradiation (Tesh et

al. 1977), three different assays were carried on rats fed irradiated wheat (0.75 kGy). The results

of this study did not show any increase in the frequency of polyploid cells in bone marrow, no

increase in dominant lethal mutations and and also no increase in the frequency of

micronucleated polychromatic erythrocytes (mn-PCEs).

Opponents of food irradiation often quote the NIN studies as an indication or even proof

of harmful effect of irradiated food. Two groups of scientists from Switzerland and Japan carried

extensive studies to re-examine the issue of polyploidy in rats fed irradiated wheat. The Swiss

group of scientists fed rats for 4 to 90 days either with freshly irradiated wheat (0.25, 0.75 or 2.25

kGy) or with unirradiated wheat at 70% level in the diet. They examined a number of parameters

such as food consumption, body weight, hematological profile, histopathological examination of
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thymus, liver, lung, spleen and kidney, DNA analysis of bone marrow or liver cells by flow

cytometry, but none of these parameters showed any difference between the groups fed

unirradiated or irradiated wheat in the diet. They observed minor changes in ploidy and cell

cycle kinetics, but this was described as adaptive and regulatory response to changes in the diet

composition. On the basis of their extensive studies, the Swiss authors firmly believe : "These

facts together indicate that food irradiation does not pose any health risk to humans" (Maier et

al.,1993).

In the Japanese study, irradiated wheat (7.5, 15.0 and 30.0 kGy) was fed to both rats and

Chinese hamsters. Three days after feeding animals were sacrificed and polyploid cells were

analysed in bone marrow and micronuclei in reticulocytes of peripheral blood. Analysis of data

did not reveal any increase in the incidence of polyploid cells or micronuclei between groups fed

irradiated or unirradiated wheat flour. In another study, rats were fed freshly irradiated (0.75

kGy) wheat flour for 12 weeks. Results of this study also did not show any difference in the

frequency of polyploid cells or micronuclei between the groups fed irradiated or unirradiated

wheat (TanakaetaL 1992).

In one of the well designed study from China, thirty-five different kinds of irradiated

foods were fed to healthy Inman volunteers (Anon, 1987; Shao & Feng, 1988). Similar

unirradiated food was fed to the control group. A number of food grains such as beans and bean

products, vegetables and fruits (more than 20 varieties), meat, fish, eggs and poultry (30 kinds)

and flavouring agents (10 varieties). Meats were irradiated to a dose of 8 kGy, bean products,

dried dates, lotus seeds and day lily at a dose of 1 - 1.5 kGy and rice, flour , soybean, red bean.

pea nut mushrooms and other fruits and vegetables at less than 1 kGy. The average daily intake

of meat was 40 g, fruits and vegetables 300 g and grain 470 g, representing irradiation of 60.3%

of the total diet. Around 70 healthy volunteers (36 males and 34 female medical students) were

divided in to two groups and fed either irradiated or unirradiated food for 90 days. All the

individuals were physically examined before and after feeding of unirradiated or irradiated diet.

Peripheral blood lymphocytes were cultured and metaphase plates were made. Different

types of chromosomal abnormalities such as structural and numerical abnormalities, sister

chromatid exchanges and micronuclei were evaluated on all the individuals. Around 1 GO

metaphases were evaluated for different types of chromosomal abnormalities from each
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individual. No significant differences were observed in either chromatid gaps or breaks,

chromosomal fragments or dicentrics between groups fed unirradiated or irradiated diet. No

statistically significant increase in the frequency of polyploid cells was observed in the group fed

irradiated diet as compared to the group fed unirradiated diet. No significant increase in the

frequency of micronuclei or sister chromatid exchange was observed in the group fed irradiated

diet as compared to the group fed unirradiated diet.

In the same study, 24 h urine sample was collected for six volunteers each from groups

fed irradiated or unirradiated test diets and tested for Ames test using Strains TA98 and TA 100,

with or without S9 Fraction. No significant increase in the frequency of TA98 and TA 100

strain was observed in group fed irradiated test diet as compared to the group fed unirradiated

diet.

Conclusions

Wheat irradiated at 0.75 kGy and fed in different proportions in the diet induced no

increase in the frequency of polyploid cells in the bone marrow of Wistar rats. No effects were

observed, even after the feeding of the irradiated wheat within 24 h of irradiation. Several

studies from different laboratories of the world, on the safety of feeding irradiated wheat (0.75

kGy) on polyploid cells in bone marrow or peripheral blood of rodents, monkeys and humans

failed to establish any clear cut increase in the frequency of polyploid cells following

consumption of irradiated wheat. The studies showing increase in polyploid cells following

consumption of irradiated wheat suffer from draw backs on technical and statistical grounds.

The reported increase in polyploid frequency following feeding of wheat exposed to high doses

of radiation is also questionable. However, in this study also no effect was observed at doses

below 10 kGy or when food was irradiated at higher doses and stored for six weeks.

The Joint FAO/IAEA/WHO Expert Committee (1981) on Wholesomeness of Irradiated

food, met at WHO Head headquarters in Geneva, and concluded that the "irradiation of any

food commodity up to an overall average dose of 10 kGy presents.no toxicological hazard;

hence, toxicological testing of foods so treated is no longer required". It was also reported

that irradiation upto 10 kGy "introduces no special nutritional or microbiological problems"

(WHO 1981).
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Table 3.1. Stock diet composition

Wheat flour 70

Bengal gram (Cicer Arietinum) 20

Yeast powder 4

Fish meal 5

Sesame oil supplemented with 1

Shark liver oil

100

Table 3.2. Five percent protein diet (Low protein diet)

Starch 75.5

Casein 5.5

Sucrose 9.0

Vitamin mixture 2.0

Salt mixture 2.0

Sesame oil 6.0

100.0
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Table 3.3. Diets fed for 6 weeks to groups of rats fed for the previous 5 weeks either on

stock diet or on a low protein diet (Experiment 2)

Dietary component

Wheat flour

Sugar

Vitamin mixture

Salt mixture

Sesame oil

Casein

Protein content

II

100

11-12

III

90

-

2

2

6

-

11-12

Level (%)

IV

90#

-

2

2

6

-

11-12

in diet fed

V

75

9

2

2

6

6

16

during wk

VI

75#

9

2

2

6

6

16

6-11 to group

IX

90

-

2

2

6

-

11-12

*

X

0#

-

2

6

-

11-12

* Groups I - VII received stock diet (16% protein) and groups VIII - X a low protein diet (5%

protein) during week 1 -5. Group I continued on the stock diet to week 11, and groups VII and

VIII were killed at the end of week 5. For composition of stock and low protein diet see Tables

1 and 2.

# Wheat irradiated at 0.75 kGy, 2 weeks before use.
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Table 3.4. Frequency of polyploid cells in the bone marrow of rats fed diets containing

different proportions of non-irradiated or irradiated wheat (Experiment 2)

Diet fed in

wkl-5

Stock

Low protein

Group

I

II

III

IV

V

VI

VII

VIII

IX

X

Wheat flour (%) in

diet fed in wk6-ll

70*

100#

90

90#

75

75#

- ©

- ©

90

90#

Mean frequency of

polyploid cells (%)

0.21710.017

0.23110.027

0.20210.029

0.305 10.037

0.194 + 0.032

0.22010.053

0.274 1 0.048

0.17810.027

0.22710.043

0.21610.025

* Stock diet

# Wheat irradiated at 0.75 kGy 2 weeks before use.

© Killed at the end of week 5

Values are means + SEM for groups of six rats; there were no significant differences (p>0.05)

between any of the groups.
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Table 3.5. Influence of dietary protein on chromosomal aberrations in rat.

Well-fed group (18% protein) Under-fed group (5% protein)

Breaks and
deletions^

2.77% 13.75%

Polyplod*
cells

0% 0.05%

Number of rats in each group - 8, # 50 well-spread metaphase were examined for each rat.
* 500 consecutive cells were scored for each rat.
Data taken from : Vijayalaxa.ni and G.Sadsivan, IntlJ. Radiat. BioL 1975, 27 (2) 135-142

Table 3.6. Influence of dietary protein on chromosomal aberrations in rats.

Well-fed group Under-fed group

Unirradiated Irradiated Irradiated Unirradiated Irradiated Irradiated
wheat wheat wheat wheat wheat wheat

+ Casein +Casein

Breaks 4.33
& deietions#

6.33 3.0 9.33 9.33 5.0

Polyploid* 0.00
cells

0.60 0.43 0.10 0.6 0.63

Number of animals in each group - 8. # 50 well-spread cells in metaphase were examined for
each rat. * 500 consecutive cells were scored for each rat.
Data taken front: Vijayalaxami and G.Sadsivan, IntlJ. Radiat. BioL 1975, 27 (2) 135-1'42
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Summary

Three independent, serially performed experiments involving acute and chronic feeding

of freshly irradiated wheat (0.75 kGy, gamma-irradiation) were carried out in Wistar rats. In the

first experiment groups of 10 males were given wheat for 1 week; irradiated wheat was

consumed by the animals within 24 h of irradiation. In the other two experiments feeding of

males was continued for 6 (10 males per group) and 12 (13 males per group) weeks, respectively

and the irradiated wheat was fed within 7 days of irradiation. At the end of each treatment period

each male was paired with 3 females for 7 days and sequentially at weekly intervals for 5 or 8

weeks. Females were killed and examined for live and dead implantations and corpora lutea.

There were no differences between groups with regard to fertility nor was there any inter-group

difference as regards pre- and post-implantation losses whether the rats were fed irradiated or

non- irradiated wheat. This suggested that even feeding of freshly irradiated wheat does not

induce any dominant lethal mutations in rats.

1. Introduction

Over last several years, there has been increasing awareness regarding the protocols

adopted for toxicity evaluation of drugs, pesticides, food additives and environmental pollutants.

With the development in contemporary areas of biomedical research, more emphasis is being

given to include newer methods to detect more subtle hazards such as mutagens, carcinogens

and teratogens . Thus, it has been suggested that irradiated foods should also be evaluated for

their possible mutagenic potential using suitable in vivo tests in mammals (Schubert 1969;

Chauhan.,1974). Extensive data on the wholesomeness of irradiated wheat, has failed to reveal

any evidence of toxicity or carcinogenicity, however, a Joint FAO/IAEA/WHO Expert

Committee has recommended the need for evaluation of any mutagenic risk that may be

associated with the consumption of irradiated wheat (WHO., 1970)

Although, Moutschen-Dahmen et al., (1970) have reported an increase in pre-

implantation losses in mice after feeding an irradiated diet, other investigators have not observed

any evidence of induced dominant lethal mutations in either rats or mice fed irradiated whole

diets (Eriksen et al. 1972., Renner et al. 1973; Chauhan et al. 1975a,b. In all these studies, wheat

was a major component of the diet and sterilising doses of radiation in the range of 25 to 50 kGy
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had been used. Studies with irradiated wheat exposed to 0.75 kGy, the recommended maximum

dose for wholesomeness studies (WHO., 1970), fed within 20 days of irradiation, has been

reported to result in increased dominant lethal mutations in male Wistar rats [NIN, 1974).

However, the effect was not observed when the irradiated wheat was fed to the rats after storage

for a period of 12 weeks. In view of the divergence in the findings of different investigators

with irradiated whole diets (Eriksen. et al.1972; Renner et al. 1973; Chauhan et al. 1975a.,

Chauhan et al. 1975b) and irradiated wheat (NIN, 1974), the possible mutagenic effects of freshly

irradiated wheat in rats, as revealed by the test for dominant lethal mutations, have been

evaluated.

2. Materials and Methods

Animals

Male and female rats of the inbred Wistar strain reared in the animal house of this

Research Centre were used in these experiments. The animals were housed in steel cages under,

conditions of controlled temperature, humidity and lighting and were allowed free access to

water and food at all times. The age of the male rats varied in different experiments, as shown in

Table 4.1, whereas all the females were 10 to 12 weeks old at the time of mating .

Diets and feeding

The diet employed in these studies is the stock ration on which the rats of our animal

house colony as being reared. It is nutritionally adequate, with a protein content of about 16%

and is composed of Wheat, Bengal gram (Cicer arietinum), fish meal, yeast powder, shark liver

oil and sesame oil (Table 4.1). The control group of male rats received the diet containing non-

irradiated wheat and the test group was fed on the same diet containing irradiated (0.75 kGy)

wheat. The feeding schedule followed for the different experiments is given in Table 4.2. The

test group of rats was also given the control diet from the day mating was started.

Irradiation

Irradiation of the wheat was carried out in a 60Co gamma cell-220 at a dose rate of 0.63

kGy/h. The wheat was cracked and then mixed with the other ingredients in a feed mixer.
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Experimental procedures

The investigations comprised three independent experiments that were performed in

sequence. Each of these experiments had a control and a test group with equal number of rats

that were randomly allotted.

Experiment 1 : Rats were fed for a period of 7 days (acute study) and it was ensured that the

irradiated wheat was consumed within 24 h post-irradiation, by the rats of the test group. This

was accomplished by daily irradiation of wheat, diet formulation and filling of the feed hoppers.

The control group also received a diet that was freshly prepared every day.

Experiments 2 and 3 : In these experiments, wheat was fed within 7 days of being irradiated and

feeding continued for 6 and 12 weeks, respectively. For experimental procedures adopted during

these studies please refer to chapter 2 of this report.

Statistical methods

The statistical evaluation of the data was carried out by a computerised programme using

t-test and X 2 - test statistics [Alder et al., 1968], and taking P=0.05 as the limit of significance.

The overall populations of rats belonging to control and test groups were also examined for

homogeneity by means of the Kolmogorov- Smirnov test (Massey, 1951).

Abbreviations

The following abbreviations have been used in the tables : C, control group; T, test

group; PID, pre-implantation death; fern, female(s); preg., pregnancy, CL - Corpora lutea.

3. Results

There were no significant differences (p>0.05) in fertility between control and test groups

as revealed by the pregnancy rates in any of the three experiments of the study (Tables 4.3, 4.4,

and 4.5). No case of male sterility was recorded during the course of this investigation and the

incidence of pseudo-pregnancy was similar in both groups.

The data from experiment 1 on CL, total and live implants are summarised in Table 4.6.

It is evident from the table that the number of CL and pregnancy, as well as total and live

implants per pregnant female remained comparable between the control and the test groups
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throughout the experiment. The incidence of dead implants and pre-implantation loss also

showed no significant differences (p>0.05) in any of the matings, covering both the post-

meiotic and the meiotic phases of spermatogenesis in the rat (Table 4.7).

Likewise, no significant differences (p>0.05) were observed in post-implantation lethality

between control and test groups at any part of the test period in experiment 2. Thus, CL counts,

total and live implants remained unaffected in the test group of rats. Pre-implantation loss

calculated as the difference between CL and total implantations showed some variation between

the two groups, but there was no increase in rats fed an irradiated wheat diet (Tables 4.8 and 4.9).

Results obtained from the third and the largest experiment of the series, summarised in

Tables 4.10 and 4.11, confirmed the observations of the two earlier experiments. There was no

evidence of any increase in the post-implantation losses in females mated with males following

12 weeks of feeding irradiated wheat. The test group also did not show any significant

alterations (p>0.05) in the number of CL and the total implantation (Table 4.11). In general, there

was no systematic or significant increase in the pre-implantation lethality in the test group. In the

second and third week mating, pre-implantation loss varied significantly between the test and

respective control groups (p< 0.05) but in opposite directions (Table 4.11). Such a non-

homogenous nature of this parameter has also been observed by other workers (Machemer et

al.,1971).

The overall mean incidence of females with dead implantations for the whole test period

was of the same order in control and the test groups in all the three experiments (Tables 4.12,

4.13 and 4.14).

The distribution pattern of dead implants in the pooled populations of rats for control and

test groups was subjected to non-parametric analysis, using the Kolmogorov - Smirnov test

(Massey.,1951). The comparison revealed no significant differences (p > 0.05), indicating the

overall populations of both the groups of rats to be homogenous in respect of the cumulative

percent distribution of dead implants (Table 4.15).

4. Discussion

In order to test for the possible induction of dominant lethal mutations in rats by the

feeding of freshly irradiated wheat, and to establish the specific stage sensitivity during

spermatogenesis, wheat was allowed to be consumed within 24 h of irradiation and the feeding
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was restricted to a period of 7 days only. This experiment gave no evidence of any increase in

dominant lethality in any of the tested matings covering both the post-meiotic and the meiotic

phases of spermatogenesis. Since most of the chemicals which induce pre-meiotic effects also

produce marked meiotic and/or post-meiotic effects, the results obtained during the five

successive matings were considered to reflect the probable events of the remaining phases of

spermatogenesis (Epstein et al.,1971; Bateman et al.,1971).

Since these findings were at variance with the observations of other workers, (Annual

Report, NIN, Hyderabad., 1974), further experiments extending over 6 and 12 weeks of feeding

were also undertaken. These extensive experiments involving in all 770 pregnant females again

gave no indication of any increase in dominant lethal mutations due to the consumption of

irradiated wheat at pre- and/or post-implantation level in any of the five sequential matings in

experiment 2 and the eight matings in experiment 3. The results of the present study are in

agreement with our earlier observations in mice and rats fed irradiated whole diets (wheat 54%)

exposed to a much higher dose of gamma radiation, viz. 25 kGy (Chauhan et al. 1975a; Chauhan

et al. 1975b). Similarly, Eriksen et al. (1972) found no increase in pre-and/or post-

implantation lethality in rats after feeding a diet containing 70% cereals including wheat

irradiated at 50 kGy using 10 MeV electrons. In another study with rats and mice, Renner et al.

(1973) used a standard rat diet mixed with 35% of freshly irradiated whole milk powder exposed.

to a dose of 45 kGy electron irradiation. This study included an additional group of mice, which

received the same rnjxture of standard diet and whole milk powder, the whole diet having been

irradiated at 45 kGy. Although these irradiated diets were shown by ESR measurements to have

a high content of free radicals, but they did not induce any increase in dominant lethal mutations

in rats and mice [Renner et al.1973]. Earlier, Moutschen et al. (1970) had also reported that

feeding of male and/or female for 8 weeks before mating with a standard complete diet

(containing 50% wheat flour) , one half of which had been irradiated at 50 kGy gamma

radiation, did not enhance the post-implantation mutation rate. However, these authors reported

an increase in the pre-implantation loss, presumably as a consequence of dominant lethal

mutations, in mice fed an irradiated diet.

In the light of the several reports discussed so far (Eriksen et al.,1972; Renner et al.,

1973; Chauhan et al., 1975a,b) relating to the lack of in vivo mutagenic effects of diets subjected
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If we look in to the literature on the mutagenicity evaluation of irradiated foods, there are

at least 20 different studies which have been conducted to evaluate the potential of irradiated

foods to induce dominant lethal mutations in rats and mice (WHO, 1994). With the exception of

two studies carried out by Vijayalaxmi (1976) and Vijayalaxmi & Rao (1976) Table 4.16, all the

studies have been found to be negative. However, in most of the studies the doses applied were

much higher than 0.75 kGy, the dose used by Vijayalaxmi (1976), Vijayalaxami & Rao (1976).

After carefully reviewing the multitude of animal feeding studies data on different classes of

foods, the Joint FAO/IAEA/WHO Expert Committee on Wholesomeness of Irradiated Foods

(WHO, 1980) have recommended that any food stuff irradiated at an average dose of 10 kGy is

toxicologically insignificant and that no additional toxicological examinations of such foods are,

therefore, required. No subsequent meeting of Joint Expert Committee on Food Irradiation

(JECFI) have taken place since 1980 and it appears that none are planned in near future.

Moreover, world-wide interest in evaluating the health and safety of irradiated foods above 10

kGy dose is very limited.

Conclusions

Present experiments involving the acute and chronic feeding of male rats with freshly

irradiated wheat, did not provide any evidence of an increase in the post-implantation losses, a

reliable index of dominant lethal mutations. The other parameters studied such as fertility,

implantation rate and pre-implantation lethality also remained unimpaired in the test group fed

irradiated wheat.

Table 4.1 . Composition of the Diet

Wheat 70.0
Bengal gram 20.0
Fish meal 5.0
Yeast powder 4.0
Shark liver oil 0.75
Til oil 0.25

Wheat was irradiated at 0.75 kGy in case of diet fed to
experimental group.
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Table 4.2. Age of the rats and duration of feeding for the different experiments

Experiment 1

Experiment 2

Experiment 3

Group

Control
Test

Control
Test

Control
Test

No. of
males

10
10

10
10

13

Age at start
of feeding

11-12

11-12

4-5

Weeks

Duration
of feeding

1

6

12

Age at
1st mating

12-13

17-18

16-17

In all matings, 10-12 week old virgin females were used

Table 4.3. Weekly pregnancy rates (Experiment I )

Week
mating

of Control Test

1
2
3
4
5

Total fern.

30
30
29
30
30

% Preg.

86.7
80.0
62.1
73.3
93.3

Total fern.

30
30
30
30
30

% Preg.

70.0
76.7
80.0*
86.7
90.0.

Overall mean 79.2±5.40 80.7±3.56

Values showing maximum difference with the corresponding control (p <0.05) by X2 test.
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Table 4.4. Weekly pregnancy rates (Experiment II)

Week . of
mating

1
2
3
4
5

Overall mean

Control

Total fern.

30
30
29
30
29

% Preg.

70.0
86.7
733
80.0
89.7

79.9+3.77

Test

Total fern.

30
30
30
30
29

% Preg.

80.0
83.3
80.0
83.3
89.7.

83.311.77

Table 4.5. Weekly pregnancy rates (Experiment III)

Week of
mating

1
2
3
4
5
6
7
8
Overall mean

Control

Total fern.

38
39
39
39
39
39
39
39

% Preg.

76.3
82.1
76.9
94.9
87.2
92.3
87.2
82.1
84.9
±2.39

Test

Total fern.

39
39
39
38
39
39
39
39

% Preg.

61.5*
87.2
82.1
86.8
94.9.
92.3
89.7
82.1
84.6
±3.66

* Values showing maximum difference with corresponding control ( p < 0.05 by X2 test



Table 4.6. Mean Corpora lutea, total and live implantations (Experiment.1:1 Week

feeding)

Week
of
Mating

1

2

3

4

5

Overall
Mean

Group
No.

C(26)
T(21)

C(24)
T(23)

C(18)
T(24)

C(22)
T(26)

C(28)
T(27)

C
T

Corpora
No.

290
234

305
281

218
286

285
329

317
340

Lutea
per fern.

11.5010.42
11.14±0.33

12.71±0.33
12.22±0.38

12.11±0.59
11.9210.46

12.9610.36
12.6510.25

11.3210.40
12.59*10.31

12.0510.36
12.1010.28

Implants
No.

247
209

281
244

198
265

256
317

268
292

per fern.

9.5010.58
9.9510.50

11.7110.53
20.6110.53

1L0010.63
11.0410.58

11.6410.66
12.1910.27

9.5710.74
10.82+0.58

10.6810.49
10.9210.37

Live
No

213
188

268
229

184
240

243
294

246
271

Implants
per fern.

8.1910.67
8.9510.59

11.810.45
9.9610.51

10.2210.89
10.0010.63

11.0510.74
11.3110.42

8.7910.72
10.04+0.64

9.8710.59
10.0510.38

@ Significantly different (P < 0.05) than the corresponding control group.
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Table 4.7. Mean Pre- and Post- Implantation loss (Experiment.1: 1 Week feeding)

Week
No.
Mating

1

2

3

4

5

Overall
Mean

Group

C(26)
T(21)

C(24)
T(23)

C(18)
T(24)

C(22)
T(26)

C(28)
T(27)

C
T

Dead
No

34
21

15
15

14
25

13
23

22
21

Implants
per fern.

1.31±0.29
1.00±0.29

0.63+0.19
0.65±0.18

0.78±0.28
1.0410.23

0.59±0.19
0.89±0.29

0.79±0.13
0.78±0.26

0.82±0.13
0.87±0.07

%

13.77
10.05

5.34
6.15

7.07
9.43

5.08
7.26

8.21
7.19

7±1.58
8.0210.74

Pre-imp Death
No. per fern.

43
25

24
37

20
21

29
12

49
48

1.65+0.37
1.1910.34

1.00+0.31
1.61+0.46

1.11+0.34
0.8810.19

1.3210.16
0.46+0.14

1.75+0.45
1.78+0.54

1.37+0.15
1.1810.24

%

14.83
10.68

7.87
13.17

9.17
7.34

10.18
3.65

15.46
14.12

11.5011.54
9.7911.93
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Table 4.8 : Mean Corpora lutea Total and Live implants (Experiment II: 6

weeks feeding)

Week Group Corpora Lutea Implants per fem. Live . Implants
of No. No. per fem. No. No per fem.
Mating

1 C(21) 270 12.8610.42 230 10.95+0.84 207 9.86±0.88
T(24) 312 13.00+0.35 284 11.83±0.56 264 11.00±0.60

2 C(26) 342 13.15±0.29 303 11.65±0.59 284 10.92±0.58
T(25) 335 13.4010.34 308 12.32+0.54 290 11.6010.57

3 C(22). 291 13.2310.36 263 11.96+0.67 246 11.1810.67
T(24) 311 12.9610.38 286 11.92+0.57 271 11.29+0.57

4 C(24) 306 12.7510.12 274 11.4210.81 246 10.2510.79
T(25) 336 13.4410.42 319 12.76+0.53 286 11.4410.67

5 C(26) 356 13,69+0.28 324 12.46+0.54 296 11.39+0.54
T(26) 357 13.73+0.40 343 13.1910.47 371 12.1910.54

Overall C 13.14+0.14 11.6910.25 10.7210.29
Mean T 13.3110.15 12.4010.26 11.5010.20



59

Table 4.9. Mean pre-and post implantation loss (Experiment II:

6 weeks feeding)

Week Group Dead Implants . Pre-imp Death
No. No per fern. % No. per fern. %
Mating

1 C(21) 23 1.10±0.28 10.00 40 1.9010.59 14.81
T(24) 20 0.8310.26 7.04 28 1.17+0.38 8.97

2 C(26) 19 0.7310.16 6.27 39 1.5010.50 11.40
T(25) 18 0.7210.18 5.84 27 1.0810.39 8.06

3 C(22) 17 0.7710.17 6.46 28 1.2710.48 9.62
T(24) 15 0.6310.22 5.24 25 1.0410.27 8.04

4 C(24) 28 1.1710.26 10.22 32 1.3310.48 10.46
T(25) 33 1.3210.43 10.34 17 0.6810.21 5.06

5 C(26) 28 1.0810.24 8.64 32 1.2310.48 8.99
T(26) 26 1,0010.22 7.58 14 0.5410.27 3.92

Overall C 0.97+0.84 8.3210.84 1.4510.12 1.06+1.02
Mean T 0.97+0.12 7.2110.89 0.9010.12* 6.810.98*

* Significantly ( P < 0.05) than the respective controls.
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Table 4.10. Mean Corpora lutea, Total and Live implants (Experiment III:

12 weeks feeding)

Week Group Corpora Lutea Implants per fern. Live Implants
of No. No. per fern. No. No per fern.
Mating

C(29) 376 12.97±0.37 334 11.52±0.51 305 10.5210.56
T(24) 307 12.7 ±0.50 288 12.00+0.53 276 11.50+0.49

C(32) 383 11.97±0.42 322 10.06±0.67 299 9.34+0.64
T(34) 438 12.88±0.27 407 11.97±0.26* 38011.18±0.24*

C(30) 360 12.00±0.35 345
T(32) 398 12.44±0.28 357

C(37) 477 12.89+0.29 426
T(33) 434 13.1510.36 413

C(34) 421 12.38±0.32 363
T(37) 469 12.68±0.30 428

C(36) 450 12.50±0.21 411
T(36) 444 12.38±0.28 394

C(34) 405 11.91 ±0.22 372
T(35) 430 12.29±0.27 400

C(32) 398 12.44+0.32 355
T(32) 397 12.41+0.23 364

11.50±0.40 325 10.8310.46
11.16+0.40 325 10.1610.46

11.51±0.47 384 10.38±0.40
12.5210.49 380 11.52±0.50

10.68±0.54 236 9.8810.52
11.5710.44 384 10.3810.40

11.42+0.32 367 10.1910.34
10.9410.52 361 10.0310.51

10.9410.34 336 9.8810.37
11.4310.30 368 10.5110.38

11.0910.48 325 10.1610.46
11.3810.40 340 10.63+0.48

Overall C
Mean T

12.3810.15
12.6210.11

11.09+0.46
11.6210.18

10.1510.16
10.7410.21*

* Significantly different (P < 0.05) than the respective controls
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Table 4.11. Mean pre-and post- implantation loss (Experiment III:

12 weeks feeding )

Week
No.
Mating

1

2

3

4

5

6

7

8

Overall
Mean

Group

C(29)
T(24)

C(32)
T(34)

C(30)
T(32)

C(37)
T(33)

C(34)
T(37)

C(36)
T(36)

C(34)
T(35)

C(32)
T(32)

C
T

Dead
No

29
12

23
27

20
32

42
33

27
44

44
33

36
32

30
24

Implants
per fern.

1.00±0.24
0.50+0.16

0.72±0.24
0.7910.21

0.67±0.15
1.00±0.20

1.1410.23
1.0010.23

0.7910.21
1.19+0.20

1.22+0.22
0.9210.16

1.0610.22
0.9110.23

0.94+0.16
0.75+0.22

0.94+0.07
0.88+0.07

%

8.68
4.17

7.14
6.83

5.80
8.96

9.86
7.99

7.44
10.28

10.71
8.38

9.68
8.00

8.45
6.59

Pre-imp Death
No. per fem.

42
19

61
31

15
41

51
21

58
41

39
50

33
30

43
33

8.4710.57
7.63+0.65

1.4510.40
0.7910.23

1.9110.42
0.9110.12*

0.50+0.15
1.2810.24*

1.3810.39
0.64+0.21

1.7110.43
1.1110.24

1.08+0.24
1.3910.41

0.97+0.23
0.86+0.19

1.34+0.31
1.03+0.29

1.2910.15
1.00+0.09

%

11.17
6.19

15.93
7.08

4.17
10.30

10.69
4.84

13.78
8.74

8.67
11.26

8.15
6.98

10.80
8.31

10.4211.27
7.9610.75

* Significantly different (P < 0.05) than the respective controls.
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Table 4.12 Frequency of females with dead implants (Experiment 1: 1

week feeding)

Week of
mating

1
2
3
4
5
Overall mean

Control

No.
17/26
10/24
7/18
8/22
18/22

%
65.5
41.7
38.9
36.4
64.3
49.3

Test

No.
12/21
10/23
17/24
11/26
14/27

%
57.1
43.5
70.8**
42.3
51.9.

53.1

** Values showing maximum difference from the respective control (p < 0.05 by X2 test)

Table 4.13. Frequency of females with dead implants (Experiment II, 6

weeks feeding )

Week of
mating

1
2
3
4
5
Overall mean

Control

No.
13/21
14,26
12/22
1524
16/26

%
61.9
53.9
54.6
62.5
61.5
58.9

Test

No.
11/24
11/25
9/24

13/25
15/26

%
45.8
44.0
37.5*
52.0
57.7
48.4

* Values showing maximum difference from the respective control (p < 0.05 by X2 test)
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Table 4.14: Frequency of females with dead implants (Experiment III:

12 weeks feeding)

Week of
mating

1
2
3
4
5
6
7
8

Overall mean

Control

No.
15/29
11/32
14/30
20/37
14/34
24/36
21/34
2Q/32

%
51.7
34.4
46.7
54.1
41.2
66.7
61.8
62.5

52.4

Test

No.
8/24
16/34
17/32
19/33
23/37
21/36
19/35
15/32

%
33.3
47.1
53.1
57.6
62.2*
58.3
54.3
46.9

51.6

Values showing maximum difference from the respective control (p < 0.05 by X2 test)
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Table 4.15. Cumulative percent distribution of dead implants in rats

Preg. Fem.
Fern. withDI Number of dead implants per females

_ . _ _ _

(Cumulative per cent rats with different DI)

Expt.1

Expt.2

Expt.3

Overall

Control

Test

Control

Test

Control

Test

Control

Test

118

121

119

124

264

263

501

508

60

64

70

59

139

138

269

261

49.2
(58)

47.1

41.2

(49)

52.4

(65)

47.3

(125)

47.5

(125)

46.3

(232)

48.6

(247)

79.7
(36)

84.3

75.6

(41)

77.4

(3D
75.0

(73)

79.5

(84)

76.2

(150)

80.1

(160)

92.4
(15)

92.6

91.6

(19)

91.1

(17)

89.8

(39)

90.5

(29)

90.8

(73)

91.1

(56)

97.5
(6)

95.0

96.6

(6)

94.4

(4)

95.8

(16)

95.4

(13)

96.4

(28)

95.1

(20)

100.0
(3)

100.0

100.0

(4)

100.0

(7)

100.0

(11)

100.0

(12)

100.0

(18)

100.Q

(25)

The figures with in parenthesis denote the number of pregnant females



Table 4.16. The Percentage of intrauterine deaths during 4 weeks of mating

Weeks Well-
fed rats

18%
protein

Malnou
ri-shed
rats
5%
protein

well -fed

Unirra
diated
wheat

rats

Irradiat-
ed wheat

Malnourished
rats

unirrad
iated
wheat

Irradiat
ed
wheat

Well-fed
malnorished rats
combined
Unirrad irradiated
iated wheat
wheat

1

2

3

4

Total

1.1

2.3

2.4

3.6

2.4

CD at 5 per cent for groups

3.3

3.6

4.5

5.2

4.2

2.69

4.5

5.6

9.6

12.0

8.0

3.6

4.3

4.9

7.1

5.0

1.98

4.3

5.8

9.1

9.0

7.0

3.5

3.9

4.7

6.2

4.6

1.64

4.4

5.7

9.4

10.5

7.5

Analysis of variance

Source

Males

Groups

Weeks

Error

Total

d.f.

5

1

3

38

47

( f ratio)

1.05

8.26b

2.71

d.f. (f ratio)

5

1

3

38

47

0.88

4.39a

3.62a

d. f. ( f ratio)

5 0.28

1 12.67c

3

86

95

6.01c

ap < 0.05, bp < 0.01 cp < 0.001, CD at 5 per cent indicate - confidence difference at 5 % level
of significance for two groups . It is calculated with students t values at 5% level of significance
multiplied by pooled SE for 38 or 86 d. f. as given above. The above table is reproduced from the
publication of Vijayalaxmi et.al (Int. J. Radiat. Biol., 1976, Vol. 29 (1) 93-98)
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Summary

The potential mutagenicitiy of irradiated onion was evaluated for somatic and germinal

effects in mice using induction of micronuclei in the bone marrow erythrocytes for somatic

damage and by scoring dominant lethal mutations for germinal effects. In case of micronucleus

test, six groups of albino Swiss mice were maintained on stock ration and diets containing

unirradiated and irradiated (0.1 kGy) onion at a level of 1 or 2% (dry weight) for a period of 8

weeks. Animals maintained on stock ration were divided into two groups. One of the groups

which served as the positive control was injected intraperitoneally (i.p.) with ethyl

methanesulfonate (EMS). On completion of the feeding schedule, all the animals were killed and

bone marrow preparations made. From each slide 1000 Polychromatic erythrocytes (PCEs) and

the corresponding number of normochromatic erythrocytes (NCEs), with or without microncueli

were recorded.

The positive control group of animals treated with ethyl methanesulfonate (EMS) showed

a significant increase in the incidence of mn-PCES, whereas there was no significant reduction

in the PCEs/NCEs ratio as compared to the stock ration. Analysis of data did not reveal any

significant differences in the incidence of micronuclei in polychromatic (mn-PCEs) or

normochromatic erythrocytes (mn-NCEs) of the animals maintained on stock ration or fed

unirradiated or irradiated onion diet at 1 or 2% (dry weight) level. There was no significant

change in the total polychromatic to normochromatic erythrocytes (PCEs/NCEs) ratio of

the animals fed unirradiated or irradiated onions as compared to that of stock ration. These

studies failed to show any increase in the frequency of micronuclei in bone marrow of Swiss

mice fed irradiated onion at 1 or 2% (dry weight) level.

In case of dominant lethal mutation studies, three groups of Swiss male mice were fed on

stock ration and diets containing unirradiated or irradiated onion ( 0.1 kGy) at 2% level on dry

weight basis, for a period of 8 weeks. The males fed on stock ration were divided into two

groups. One of the groups which served as a positive control was injected i.p. with methyl

methanesulfonate (MMS) at a dose of 50 mg/kg 24 hours prior to pairing with the females.

After the feeding period of eight weeks, the test diet was replaced by the stock ration and each

male was mated with two virgin females which were replaced by another batch after one week. A

total of three consecutive matings were carried out. The females were killed at mid-term
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pregnancy for evaluation of dominant lethal mutations.

Numbers of dead implantations including deciduomas and dead embryos, showed no

differences among the groups fed on stock ration, unirradiated or irradiated onion diets. Thus, no

evidence of any induced post-implantation dominant lethal mutation was obtained. The

implantation rates also remained comparable among the different groups indicating lack of any

pre-implantation losses in the test groups. However, the MMS treated positive control group

showed a highly significant increase in the dead implantations and a profound reduction of the

live implantations during the post-meiotic phase of spermatogenesis and the maximum effect was

observed in the second week nfating representing late spermatids. These studies show that

feeding of irradiated onion (0.1 kGy) at 2% level in nutritionally adequate diet does not induce

any dominant lethal mutations in mice.

1. Introduction

Over the last three decades there has been increasing concern about the possibility that

chemical pollutants may induce mutations and cancer in human population. A number of short

term methods have been developed to detect carcinogens and mutagens (Holstein et al., 1979;

Green & Auletta, 1980). It has also been suggested that drugs, pesticides, food additives and

other synthetic chemicals be tested for mutagenicity and carcinogenicity in different systems

prior to their use (Epstein and Rohrbor 1971; Schubert 1969; Chauhan. 1974 ). Therefore, the

criteria for wholesomeness evaluation have been enlarged to include an assessment of their

mutagenic potential employing suitable in vivo tests in mammals (Chauhan, 1974,

FAO/IAEA/WHO, Geneva, 1970; Moutschen et al., 1970; Erikson and Emburg 1972).

In 1976 provisional acceptance of onions, irradiated for sprout inhibition with a

maximum dose of 0.15 kGy , was accorded by a Joint Expert Committee (WHO, 1977). The

present study was undertaken to provide additional data with respect to mutagenic activity on the

wholesomeness of irradiated onions. Irradiated onion was evaluated for mutagenicity by using

plate tests, with and without metabolic activation, DNA repair tests and spot tests in Eschericia

coli. However, these studies did not reveal any evidence of induced mutagenicity (Hattori et al.,

1979). In our laboratory, the micronucleus test (MNT) and dominant lethal mutations assays has

been extensively employed to detect the clastogenic activity and germinal effects of different
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types of physcial and chemical agents, including irradiated food (Chaubey et al., 1977a, 1978a,

1978b, 1993, Chauhan et al., 1975a, Chauhan et al.,1977, Chauhan et al., 1978). Dominant lethal

mutations are genetic changes induced in parental germ cells which leads to death among some

of the first generation embryos. Sequentially these may induce pre-implantation losses of non-

viable zygotes, early fetal deaths and sterility and semisterility in Fj progeny.

The present paper describes our results on the effect of feeding irradiated (0.1 kGy) onion

on somatic and germinal cells of Swiss mice. Frequency of micronuclei in bone marrow cells

and dominant lethal mutations in germ cells of mice were taken as the criteria of genetic damage

for somatic and germinal mutations respectively. This work was carried out as a part of the

research contract with the International Project in the Field of Food Irradiation (Contract

No. IFIP-R60), Karlsruhe, Federal Republic of Germany.

2. Material and Methods

2.1. Irradiation and diet preparation

Onions purchased from the local market were irradiated at 0.1 kGy at a dose rate of

0.019 kGy/min in air using a 60Co-package irradiator (Atomic Energy Canada Ltd.) at

ambient temperature. The dose ratio was 1:1.25 Irradiated and unirradiated onions were freeze-

dried to about 10-12% moisture at -40° C under vacuum of the order of 100 micron pressure,

powdered and then mixed at levels of 1 or 2% with other ingredients in a feed mixer. The

composition of the stock ration and the experimental diets are shown in Table 5.1. Diets were

prepared fresh every week.

2.2. Animals

Inbred male and female Swiss mice, reared in the animal house of this Research Centre

were used in this study. The animals, maintained under controlled conditions of temperature,

humidity and lighting, had free access to food and water ad libitum during the entire period. All

the animals were marked by ear punch technique to permit individual identification. From the

age of 4 to 5 weeks, groups of male and female mice were fed either on stock ration, unirradiated

or irradiated onion diets for 8 weeks. The different groups employed for MNT studies are

shown in Table 5.2. After 8 weeks, the animals fed on stock ration were divided into two groups.
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One of the groups which served as the positive control was injected i.p. with 200 mg/kg of EMS

twice, 30 h and 6 h before killing. In the case of dominant lethals, males in the the age group of

4 to 5 weeks were fed on the stock ration or unirradiated or irradiated onion diets for 8 weeks.

The various groups employed in the study are shown in Table 53 . After 8 weeks of feeding,

the males fed on stock ration were divided into two groups. One of the groups which served as a

positive control was given an i.p. injection of 50 mg/kg of a known mutagen MMS, 24 hour

prior to mating with the females, whereas the other group served as a negative control. The

different groups of males were kept for mating with untreated virgin females (10-12 weeks old)

after 8 weeks of feeding and all the groups received stock ration . Body weights of males were

recorded fortnightly from the day of feeding through 8 weeks till the animals were paired with

the females.

2.3. Preparation of bone marrow smears

After the 8 week feeding period, the animals were killed by cervical dislocation and the

bone marrow smears were prepared (For details of the methodology of Micronucleus test,

Staining, Screening procedures, etc. please see Chapter II, of this Report).

2.3. Procedure for Dominant lethal test.

Soon after the feeding period was over on the test diets, each male was paired with two

untreated virgin females. At the end of one week the females were replaced with another batch

of females and three consecutive pairings were undertaken. In general the procedure

recommended by Epstein & Rohrborn (1971) was followed for the assessment of dominant

lethals . The females were autopsied 14-15 days from the mid of the week of their caging with

the males . The uterine contents were examined for live and dead implantations including early

and late deaths . The main criteria used for the assessment of mutagenicity were the

numbers of dead implantations expressed per pregnant female and as a percentage of all

implantations (For details on Dominant lethal test, see Chapter II, of this report)

2.4. Statistical evaluation

Data were evaluated by student 't' test. The difference was considered significant at
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p<0.05. The statistical evaluation of the data was based on the relevant control, for each group.

The data were evaluated by using the analysis of variance, t-test and X2 test statistics (Alder et

al.,1968) taking p=0.05 as the limit of significance.

3. Results

3.1. Results of Micronucleus study

Data on the effect of feeding irradiated onion on the frequency of micronuclei in bone

marrow erythrocytes of Swiss mice is presented in Table 6.4. The mean incidence of micronuclei

in PCES and NCEs in control and EMS treated animals is in confirmation with our earlier

results. Data on PCEs/NCEs ratio in different groups is also presented in Table 5.4. Statistical

evaluation of the data did not reveal any significant differences in the frequency of mn-PCEs in

animals fed unirradiated or irradiated onion diet at any test level compared to that of the negative

control group. Similarly, there was no significant difference in the incidence of micronuclei in

normochromatic cells of animals fed stock ration or unirradiated or irradiated onion diet. The

PCEs/NCEs ratio, with or without micronuclei, which gives the mitotic index, was also

comparable among the different groups. However, positive controls treated with EMS showed a

high increase (p<0.001) in the incidence of mn-PCEs. The incidence of micronuclei in NCEs was

also significantly higher (p<0.05) in EMS treated animals. There was no significant reduction in

the PCEs/NCEs ratio as compared to the control animals.

3.2. Results of dominant lethal mutation assay

3.2.1. Body weight and general appearance

All the males appeared to be in good health and there was no apparent manifestations of

any toxicity or behavioural changes among the different groups during the 56 day feeding prior to

mating with the females. Body weight of mice fed on unirradiated and irradiated diets did not

show any significant differences during the study and was comparable to that of animals fed the

stock ration.

3.2.2. Effect on pregnancy

The fertilisation frequency in control and experimental groups are presented in Table 5.5.



There was no significant differences in the overall pregnancy rates of females mated with males

fed on unirradiated or irradiated onion diets during the three weeks mating and was comparable

to those of animals fed on stock ration. However, females mated with males treated with MMS

showed a slight reduction in pregnancy in the second and third week mating but the overall

pregnancy rates did not differ significantly (p> 0.05), whereas MMS treated group showed

significance with unirradiated onion diet during the second week (p<0.02).

3.2.3. Total live and dead implantations

Data pertaining to the uterine findings e.g., total, live and dead implantations are

presented in Table 5.6. Mean total and live implantations per female are depicted in Table 5. 7.

No significant differences were observed in the total and live implantations in the first and

second week matings of mice fed unirradiated or irradiated onion diets. But an increased total

and live implantations size was observed in the third week in irradiated onion group compared to

unirradiated group and was statistically significant (p<0.05). As expected, MMS treated positive

control group showed a significant reduction in the live implantation rates in the first two weeks

matings and the maximum reduction was observed in the second week mating (p<0.01). Pre-

implnatation losses calculated on the basis of total implantation in control and onion fed groups

showed no differences and was comparable to MMS treated group.

3.2.4. Post-implantation losses

Table 5.8 shows the summary of data on dead implantations, an index of post-

implantation losses. Mean dead implantation per female and percentage dead implantations in

the animals fed on stock ration, unirradiated or irradiated onion diets did not show any significant

differences in any of the three weeks mating, thus showing no evidence of any post-implantation

lethality that could be attributed to the feeding of irradiated onions. However, females mated

with males treated with MMS showed a significant increase in the post-implantation lethality in

the first two weeks and the effect was maximum (p<0.001) in. the second week mating

representing late spermatids.
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3.2.5. Incidence of females with dead implantations

The number of females showing one or more dead implantations were comparable among

the three groups given stock ration, unirradiated onion diet and irradiated onion diet (Table 5.9).

The incidence of females with dead implantations in the MMS-treated group was significantly

different (p<0.01) from other groups during the first two weeks of mating.

4. Discussion

Safety evaluation of irradiated foods has been one of the major thrust areas of research

and is very essential for the implementation of radiation technology for food preservation. Most

of the irradiated foods have been thoroughly investigated for nutritional adequacy,

microbiological and toxicological safety. Irradiated onion, too has been thoroughly investigated

for any adverse genetic effect, in both prokaryotic and eukaryotic organisms. In one of the

studies, Drosophila cultures were exposed to irradiated onion (9.0 kGy) for different durations,

but failed to reveal any increase in sex-linked recessive mutations (Mittler and Eiss 1982). In

another study, Drosophila were maintained on irradiated onion at 0.15, 9.5 and 15 kGy at

24.5% onion powder (dry weight) for entire larval life plus 2 days. In this study also, no

significant increase in sex-linked recessive lethal mutation was observed (Mitler and Eiss 1982).

Induction of micronuclei in bone marrow erythrocytes of mice has been widely used to

detect somatic chromosomal damage induced by radiation and chemical mutagens. Micronuclei

have been shown to occur in a variety of cell types and erythrocytes (Schmid, 1976). The

majority, however, are observed in PCEs. In the present study, scoring was restricted to PCEs

and NCEs, instead of immature white blood cells or nuclei in lysis, as suggested by Schmid

(1973). It has been reported recently that sex-related differences could be seen in the response to

EMS (Henry et al. 1980). The female mice were shown to have higher frequencies mn-PCEs than

males. Sex related difference in the lethal response to EMS have also been reported, females

being more sensitive than males. Such an effect of EMS was not observed in the present study,

nor did animals fed unirradiated or irradiated onion diets exhibit any sex-linked differences.

Irradiated onion was evaluated for its potential to induce germinal mutations in mice

using dominant lethal test. No increase in post-implantation losses was observed in Swiss mice

fed irradiated onion (0.1 kGy) at 2% dry weight level as compared to animals fed unirradiated
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onion or maintained on stock ration. Feeding of irradiated onions to mice (Goud et al. 1982) or

powder onion to Chinese hamsters and in three strains of mice (Munzner & Renner, 1981) did

not show any sign of induced mutagenicity.

The present experiments conducted in male Swiss mice fed irradiated onion diet failed to

exhibit any significant change in the fertilization capacity. Feeding on the irradiated onion did

not show any evidence of alterations in the numbers of live and dead implantations as compared

with the animals fed on unirradiated onion diet or the stock ration. Assessment of dominant

lethality did not therefore provide any evidence of mutagenicity that could be attributed to the

ingestion of irradiated onion. Thus post-implantation loss, which affords a measure of

mutagenicity determined either as dead implants per pregnant female or as percentage of total

implants, remained comparable among groups fed on stock ration and irradiated or unirradiated

onion fed groups. Pre-implantation embryonal death can be induced by numerous non genetic

factors (Bateman, 1958, Bateman & Epstein, 1971) and can, therefore, at best be considered as

an alternative parameter to post-implantation loss (Rohrborn,1968) for the evaluation of

mutagenicity in mammals. In our experiments pre-implantation loss, calculated on the basis of

total implantation rate showed no significant differences among groups fed irradiated and

unirradiated onion diets except in the third week when an increase in the irradiated onion fed

animals compared to unirradiated group was statistically significant (p<0.05). But such an effect

was not observed in the first two weeks of mating. The total implantation rates of 9.0 in

unirradiated and 10.2 in irradiated onion fed group fall in the range of experimental variations.

The incidence of females with dead implantations among animals fed on stock ration,

unirradiated and irradiated onion diets remained comparable.

Bronnikova & Okuneva (1973) fed irradiated (3.0 kGy) diet containing onions, potatoes

and cereals to mouse for seven days, but did not observe any adverse genetic effect. No adverse

genetic effect was observed in mouse fed irradiated onion (0.1 kGy) for five days, (Munzer &

Renner, 1981). (Zajcev et al., 1975) fed irradiated onion (0.2 kGy) to rats for varying periods,

but no adverse genetic effect was observed. Similarly, rats fed dehydrated irradiated (0.3 kGy)

onions for varying days, did not show any harmful effect (Anon, 1980). Present study to assess

the genetic effect of irradiated (0.1 kGy) onion in mouse using dominant lethal test is in

agreement with the earlier studies reported in literature.
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The sensitivity of the experimental animals were demonstrated using a known mutagen

MMS which was considered as a positive control group. The MMS treated animals showed a

highly significant increase in the dominant lethality and a marked increase in the incidence of

females with post-implantation losses in the first two weeks mating. However, the pre-

implantation loss determined by comparing the total implantation rates failed to demonstrate any

evidence of increased lethality in the MMS treated group and was comparable to that of stock

ration. Our studies with EMS produced both pre and post implantation lethality (Chauhan, et al.,

1977).

Conclusions

In conclusion, the foregoing results do not show any evidence of clastogenicity in the

bone marrow of mice that could be attributed to the ingestion of irradiated onions. Also, the

absence of any effect on the PCEs/NCEs ratio suggested that feeding of irradiated onions does

not influence the proliferative activity of bone marrow cells. Results of the feeding of irradiated

onion ( 0.01 kGy) in the diet to Swiss male mice also did not provide any evidence of an

increase in the post-implantaion losses a index of dominant lethal mutations.

Table 5.1. Compositions of diets

Stock ration

Wheat
Bengal gram
(Cicer arietinum)
Yeast powder
Fish meal
(2.0%)

Oil8

%

70
20

4.0
5.0

1.0

Test diet

Wheat
Bengal gram
(Cicer arietinum)
Fish meal
Onion

Oilb

Vitamin mixture
Salt mixture

%

60 (59.0)
25

9
1.0

3.0
1.0
1.0

Irradiated or unirradiated onions were freeze dried to about 10-12% moisture, powdered and
then mixed with other ingredients. In the case of 2.0% onion, wheat content was reduced to
59%. "Sesame oil and shark liver oil (0.75 : 0.25) bSesame oil and shark liver oil (2.75: 0.25).
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Table 5.2. Outline of the experiment to evaluate somatic effects irradiated
onion in mice by micronucleus test

Group No. of animals
&sex

Diet

Negative control

Positive control

Unirradiated
Onion -1
Unirradiated
Onion -11
Irradiated
Onion -1
Irradiated
Onion - II

2 M
2 F
2 M
2 F
3
3
3
3
3
3
3

M
F
M
F
M
F
M

3 F

Stock ration

Stock diet but given 200 mg/kg EMS
twice, 30 h and 6 h before killing.
Diet containing unirradiated onion
at 1% dry weight level.
Diet containing unirradiated onion
at 2% dry weight level.
Diet containing irradiated onion at
1% dry weight level.
Diet containing irradiated onion at 2%
dry weight level.

EMS - Ethyl methanesulfonate, M - Male , F - Female.

Table 5.3. Evaluation of irradiated onions for dominant lethal mutations
in Swiss mice : Feeding protocol

Group No. of males Diet

Stock ration 22
Unirradiated onion diet 22

Irradiated onion diet 21

Positive control (MMS) 12

Stock ration
Test diet containing 2% (dry weight)
unirradiated onion
Test diet containing 2% (dry weight)
radiation processed onions

Stock diet and injected 50 mg/kg MMS i.p.
before pairing with the females

Test diets were replaced by stock ration from the day of pairing with the females after 8 weeks
of feeding. Each male was paired with untreated females. MMS - Methyl methane sulfonate.



Table 5.4. Incidence of micronuclei in bone marrow erythrocytes of mice fed irradiated
onion.

Groups No. of
animals

%mn-PCEs %mn-NCEs
+ mn-NCEs

%mn-PCEs
ratio

PCEs/NCEs

Stock ration

Positive cont.
EMS 200 mg/kg

1% Unirradiated
onion -1

2% Unirradiated
onion - II .

1% Irradiated
onion -1

2% Irradiated
onion - II

4

4

6

6

6

6

0.20±0.01
(15/7422)

0.95*±0.04
(69/7262)

0.16+0.03
(21/12573)

0.17±0.04
(23/12799)

0.14+0.02
(19/12753)

0.21 ±0.02
(27/12571)

0.05±0.01
(5/9378)

0.24*±0.03
(22/9624)

0.05+0.01
(8/15823)

0.09±0.02
(15/16168)

0.06±0.01
(10/16043)

0.05±0.02
(8/15803)

0.25±0.01 0.78±0.01

1.19**±0.06 0.75±0.01

0.21 ±0.03 0.79+0.01

0.26±0.05 0.79±0.01

0.20±0.03 0.79±0.01

0.26±0.03 0.79±0.01

EMS - Ethyl methanesulfonate, Frequency of micronuclei was calculated for each animal before
the mean was calculated. Values are mean ± standard errors. Values marled with asterisks are
significantly different from corresponding values for remaining groups * (p<0.001) ** (p<0.05).
Values within parenthesis denote the number of total micronuclei in the cells scored.
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Table 5.5. Studies on the effect of feeding irradiated onions on dominant lethal mutations

in Swiss mice. Percent pregnancy

Week

1

2

3

No.
%

No.
%

NO.
%

Stock ration

34 (44)
77.3

27 (44)
61.4

29 (44)
65.9

Unirradiated
onion diet

40(44)
90.9

33 (44)
75.0

28(42)
66.7

Irradiated
onion diet

39 (44)
88.6

25 (44)
56.3

32 (42)
76.2

Positive control
(MMS)

27 (36)
75.0

17(36)
47.2

20 (35)
57.1

Overall 68.2±4.7 77.5+7.1 73.9±9.3 59.8±8.1
mean±SE

MMS vs Unirradiated onion diet PO.02 X2 - test. Values within parenthesis denote the number
of females paired

Table 5.6. Studies on the effect of feeding irradiated onions on dominant lethal mutations
in Swiss mice. Uterine contents- Live and dead implantations

Week Stock Unirradiated Irradiated Positive
ration onion diet onion diet control (MMS)

LI
DI
I

LI
DI
I

LI
DI
I

315
15

330

264
17

281

256
27

283

381
20

401

289
20

309

227
24

251

368
33
401

224
22
256

306
21
327

191
59
250

90
64
154

157
16
173
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Table 5.7. Effcet of feeding irradiated onions on dominant lethal mutations in Swiss
mice : Total and live implantations.

Week

1 I
LI

2 I
LI

3 I
LI

Stock
ration

9.7 ± 0.34
9.3± 0.33

10.410.27
9.8 ± 0.33

9.8 1 0.38
8.8 ± 0.42

Unirradiated
onion diet

10.010.32
9.5±0.32

9.410.30a
8.8 ± 0.33d

9.0 + 0.36
8.110.34

Irradiated
onion diet

10.310.35
9.410.39

9.8 10.35
9.01 0.41

10.210.28b
9.6+0.32f

Positive
control (MMS)

9.310.33
7.110.50c

9.110..60
5.3 1 0.42e

8.71 0.62
7.910.67

a - Stock ration
b - Irradiated onion

c - M M S
d - Stock ration
e - M M S

. f - Irradiated onion

vs Unirradiated onion PO.05
vs Unirradiated onion P<0.05
vs MMS PO.05
vs Other groups PO.01
vs Unirradiated onion PO.05
vs Other groups PO.01
vs Unirradiated onion PO.05

vs MMS PO.05

Table 5.8. Effect of feeding irradiated onion on post-implantation losses in Swiss
mice.

Week

1

2

3

No.
per fem.
%

No.
per fem.
%

No.
per fem.
%

Stock ration

15(34)
0.4410.11

4.6

17(27)
0.6310.13

6.1

27 (29)
0.931 0.25

9.5

Unirradited
onion diet

20 (40)
0.5010.11

5.0

20 (33)
0.6110.16

6.5

24 (28)
0.8610.17

9.6

Irradiated Positive control
onion diet

33 (39)
0.8510.15

8.2

22 (25)
0.8810.27

8.9

21 (32)
0.6610.16

6.4

(MMS)

59 (27)
2.1910.39a

23.6

64(17)
3.76+0.45b

41.6

16(20)
0.8010.21

9.3

a - MMS vs Other groups PO.01, b - MMS vs Other groups PO.01
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Table 5.9. Effect of feeding irradiated onion of dead implantations in Swiss mice
Incidence of females with dead implantations

Week Stock ration Unirradited Irradiated Positive control
Onion diet Onion diet (M M S)

1

2

3

Overall
±S.E

No.

No.

No.

Mean

12 (34)
35.3

14 (27)
51.9

16 (29)
55.2

47.5 ± 6.2

16 (40)
40.0

12(33)
36.4

18 (28)
64.3

46.9 ± 8.8

22 (39)
56.4

12 (25)
48.0

14 (32)
43.8

49.4 ±3.7

20 (27)a
74.1

16(17)b
94.1

10 (20)
50.0

72.7 ± 12.8

a - MMS vs Stock ration PO.01, MMS vs Unirradiated onion diet PO.01
b - MMS vs Other groups P<0.01
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Summary

As a part of the wholesomeness studies, following investigations were undertaken to

address, whether feeding of irradiated (1.5 kGy) Indian mackerel has any adverse genotoxic

effect in mice and rats. For somatic genotoxicity effects, micronucleus test (MNT) in mouse and

bone marrow metaphase analysis (BMA) in rats, the two most widely used method for the

detection of genotoxicity of physical and chemical mutagens were used. However, for germinal

effects, dominant lethal mutation assay in rats was used. In the case of micronucleus studies,

induction of micronuclei was taken as the criteria of induced chromosomal damage. Four to five

weeks old Swiss male mice were randomly assigned to four different groups. Two groups were

fed irradiated or unirradiated mackerel at 35% dry weight level for a period of 21 weeks. As a

mandatory requirement to establish the sensitivity of the test, a positive control group of "mice

were given 80 mg/kg hycanthone methanesulfonate, i.p., 30 and 6 h before killing. Animals fed

on irradiated or unirradiated mackerel diets or stock rations showed no significant differences

either in the frequency of micronuclei or the ratio of polychromatic to normochromatic cells

(PCEs/NCEs). As expected the positive control group of mice given hycanthone

methanesulfonate significantly increased the frequency of micronuclei in PCEs. There was no

significant increase in the frequency of micronuclei in the NCEs as compared to the control

group. There was a significant depression in the PCEs/NCEs ratio in the positive control group

as compared to the untreated control group. The study did not reveal any clastogenicity induced

by feeding irradiated mackerel at 35% level.

In another study, bone marrow metaphase analysis, one of the most widely used technique

for the detection of chromosomal damage, before the introduction of the MNT, was utilized to

ascertain whether feeding of irradiated mackerel (1.5 kGy) has any chromosomal damaging

effect, both in terms of structural and/or numerical chromosomal changes. Unlike MNT, this

technique facilitates identification of specific changes in the structure and /or number of

chromosomes following any given treatment. Three groups of male and female Wistar rats were

fed either stock ration or diets containing unirradiated or irradiated mackerel (1.5 kGy)

incorporated at a level of 35% (dry weight). After 90 days of feeding on the respective diets 6

males and 4 females from each group were killed and their bone marrow processed for



81

cytogenetic analysis. Coded slides were used for this purpose. Fifty well spread metaphase plates

were screened from each slide for different types of chromosomal anomalies including chromatid

gaps and breaks, chromosome breaks, fragments, dicentrics and the incidence of polyploid cells.

No significant differences were observed between the groups with regard to the total

number of abnormal cells, chromatid gaps and breaks. The incidence of chromosomal breaks was

comparable and within normal limits for groups fed on stock ration and irradiated mackerel diet

and no significant difference between the animals fed the unirradiated and irradiated mackerel

diets was observed. The incidence of polyploid cells was also similar for groups fed the

irradiated and unirradiated mackerel.

In the dominant lethal study, Fi male Wistar rats obtained from the first generation

animals of a feeding study involving three groups maintained on (a) stock ration, (b) diet

containing 35% (dry weight) unirradiated mackerel and (c) radurized mackerel (1.5 kGy). Fi

males were selected at weaning (21 day) on a basis of one per mother from, the animals which

had littered within a week. The males maintained on stock ration were divided into two groups.

One of the groups which served as a positive control was given single intraperitoneal injection of

200 mg/kg ethyl methane sulfonate (EMS) one day before pairing with the females: The

individually caged males were maintained on the respective parental diets, till the youngest

animal reached 90 days of age and at this time test diets were withdrawn and replaced by stock

ration. Each male was then paired with 3 virgin Wistar females, which were replaced by another

batch after one week. Five consecutive weekly pairings were undertaken. Eleven or twelve days

after their separation from the males, the females were sacrificed and the ovaries and uterine

contents examined for dead (deciduomas and dead embryos) and live implantations and corpora

lutea.

The EMS-treated positive control group showed a highly significant increase in the dead

implantation rates and a profound reduction of the live implantations during post-meiotic phase

of spermatogenesis. The number of dead implantations showed no significant differences among

the groups fed on stock ration, unirradiated or radurized mackerel diets, thus producing no

evidence of any post-implantation lethality due to ingestion of irradiated mackerel. Similarly,

there was no evidence of any pre-implantation lethality in the rats fed on the irradiated mackerel

diet since, the implantation sites and the numbers of corpora lutea did not show any significant
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changes. The numbers of live implantations between the test and the control groups showed

no evidence of any induced lethality (pre and post-implantation) due to consumption of the

irradiated mackerel. No deleterious effects attributable to feeding of the irradiated mackerel were

noticed on the fertility of rats.

1. Introduction

An easy and practical approach to improve the low per capita availability of animal

protein in the developing countries, particularly those with long coast line, could be through an

augmentation of the supply of sea foods. Their highly perishable nature has, however, posed a

hurdle to their transport to inland areas, thus limiting marketability to the coastal region. In this

context gamma radiation has shown considerable promise since it is capable of extending the

shelf-life of several varieties of sea foods (Kumta et al., 1972), thereby enabling transport over

long distances. Mackerel can be preserved up to 23 - 28 days by radurization treatment

employing 1.5 kGy gamma radiation (Venugopal et al., 1973) and storage under ice.

Wholesomeness studies with irradiated foods, including genotoxicity evaluation, is mandatory to

obtain clearance from health regulatory authorities at National and International levels.

In the mean time there has been rapid development in the field of radiation and chemical

mutagenesis in late sixties and early seventies, which has led to the development of a large

number of short-term methods (see Chapter I, Table 1.2) for the detection of potential

mutagenic hazard of environmental agents in prokaryotic and eukaryotic systems. A large

number of studies were undertaken by several laboratories across the world using these

techniques with a variety of agents such as drugs, food additives, pesticides and several other

chemicals in a number of test systems. Results of these studies have clearly indicated the

mutagenic potential of a number of these agents which may pose a threat to the human genome.

This rapid advancement in the field of mutagenesis has led to the development of a new branch

of toxicology called genetic toxicology (Hartman et al., 1971; Clive et al.,1972; Chaubey et

al., 1978b). In view of the potential hazards posed by several chemicals, it has been suggested

that the criteria for wholesomeness evaluation of irradiated foods should also include an

assessment of their potential mutagenic effects in mammals (Schubert J. 1969; Chauhan 1971;

WHO, 1970; Chauhan 1974). The 1969 Joint FAO/IAEA/WHO Expert Committee (WHO,
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1970), which reviewed data on wholesomeness of irradiated foods, indicated the need for the

evaluation of any mutagenic risk that may be associated with the ingestion of irradiated foods.

Since then a variety of irradiated foods have been extensively investigated for potential

mutagenic effects in a number of mammalian test systems (George et al., 1976; Chauhan et al.,

1977; 1975a; 1975b; Renner et al.1973; Eriksen & Emborg 1972; ICMR.,1974). On the basis of

all the evidence available, establishing unequivocally the wholesomeness, the Joint

FAO/IAEA/WHO Expert Committee, which met in Geneva, have accepted unconditional

clearance of irradiated wheat, potatoes, papaya, chicken and strawberries. While recommending

provisional acceptance for various irradiated foods including red fish and cod, the committee

expressed the view that evaluation of the safety of teleost fish, in general, may be

considered after data from a number of studies in progress on different varieties' of fish are

available (WHO, 1977). In view of the current requirements on safety aspects, we had under

taken a programme on the genotoxicological evaluation of irradiated mackerel in somatic cells

of mice using micronucleus test and bone marrow metaphase analysis and dominant lethal s in

rats.

2. Materials and Methods

2.1 Animals

Albino, Swiss male mice and Wistar rats reared in the animals house of this Research

Centre were used in this study. All the animals were maintained under controlled conditions of

temperature and humidity. Animals received food and water ad libitum throughout the study. All

the animals were marked by ear punch and a card bearing all the details about the respective

animal was attached to the cage for identification of the individual rat.

2.2 Diets and feeding

2.2.1 Micronucleus studies.

Five to six weeks old mice, randomly assigned to four groups, were caged individually

and fed on the following diets. The duration of feeding test diets was 16 weeks for (MNT)

1. Negative control group - fed on stock laboratory rations throughout the test period.
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2. Test control group - fed on test diet containing unirradiated mackerel at the 35% level (35%

mackerel powder containing 10-15% moisture was mixed with other ingredients on a weight

% basis).

3. Test group - fed on test diet containing irradiated (1.5 kGy mackerel at the 35% level)- 4.

Positive control group - fed on stock rations through the test period but given a known

mutagen to demonstrate a positive effect. Hycanthone methanesulfonate, 80 mg/kg, was

administered.

2.2.2 Bone marrow metaphase analysis

At termination of the 90 - day feeding study 6 males and 4 females from each group not

involved in the reproduction study were randomly selected for bone marrow metaphase analysis.

The following three groups were employed :

(1) negative control group fed on stock laboratory ration,

(2) test control group fed on unirradiated mackerel diet, and

(3) test group fed on radurized mackerel diet.

2.2.3 Dominant lethal studies

Wistar male weanling (21 days of age) rats, delivered within a week were obtained from

the Fu litters of the three group of parental animals fed on the stock ration and the diets

containing either irradiated or unirradiated mackerel, respectively. Wistar females of 10-12

weeks of age reared on the stock ration in the animal house of this Research Centre was used for

matings with the males.

2.3 Composition of diets

2.3.1 Composition of stock ration

The stock laboratory ration comprised Wheat (70%), Bengal gram Cicer arietinum,

(20%), fish meal (5.0%), yeast powder (4.0%) and sesame oil fortified with shark liver oil

(1.0%).
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2.3.2. Composition of test diet

The composition of test diet was (Wt%) starch (54%), mackerel (35%), sucrose (4%)

sesame oil (4.0%), vitaminised sucrose (1.0%) and salt mixture (2%). Test diets were prepared

fresh at least once a week and supplemented with adequate amounts of vitamins before feeding.

2.4. Irradiation and diet preparation

Fresh mackerel was irradiated with a dose of 1.5 kGy in a 60Co-Package Irradiator *

(Atomic energy of Canada Ltd.) at a dose rate of 0.023 kGy/min in air. Dosimetric measurements

using a eerie sulphate solution showed a dose variation ratio between 1.3 and 1.4 . The radurized

fish were stored for 15 to 18 days at 0° to 2°C (3/4 of its estimated shelf-life). Following storage

, the fish were deboned, dried at about 60° C in an air drier to about 8 to 10% moisture and

powdered, the dried fish powder was packed in polythene bags, sealed and stored at -10° to -15°

C until incorporated in to diet. The unirradiated mackerel were processed in a similar fashion.

The storage time prior to use in feeding experiments ranged from 6 to 12 months for the

irradiated and unirradiated mackerel powder. Diets were prepared fresh once a week and

supplemented with vitamins before feeding.

2.5. Experimental procedures

2.5.1. Micronucleus test

After the completion 21 weeks of feeding , 5 animals from each group were killed by

cervical dislocation and bone marrow preparations were made from the femur bone as described

else where (Chapter II of this Report). Two slides were prepared from each animal. The positive

control group was given two injections of 80 mg/kg of hycanthone methanesulfonate 30 and 6 h

before killing.

2.5.2. Bone marrow metaphase analysis

After the schedule period of feeding, all the animals were injected with 1 mg/kg

colchicine in distilled water and killed 2 h later and processed for bone marrow metaphase

preparation by flame drying technique. Slides were stained in lacto-aceto-orceine and mounted in
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euparal. Coded slides were screened for different types of chromosomal abnormalities (For

details, see Chapter II of this Report).

2.5.3. Dominant lethal tests

The F| males received at weaning were caged individually and fed on their respective

diets. The stock ration males were distributed into two groups and designated as stock ration and

positive control group. The positive control group was also maintained on stock ration but

received a single intraperitoneal injection of EMS to demonstrate a positive dominant lethal

effect in the test species of the animal. As seen in table 6.1, the following four groups were

employed: (i) negative control group fed on stock laboratory ration: (ii) test control group fed on

unirradiated mackerel diet, (iii) test group fed on irradiated mackerel diet: (iv) positive control

group fed on stock ration but given a single intraperitoneal injection (200 mg/kg) of EMS

one day before pairing with the females. The composition of the stock ration and the test diets

are the same as used in the micronucleus and bone marrow metaphase studies.

All the four groups were maintained on their respective diets until the youngest animal

reached 90 days of age. The animals therefore ingested irradiated mackerel continuously for 90

to 97 days, depending on their birth. Body weights of males were recorded intermittently from

the day of weaning till they were paired with the females.

Mating schedule

After the feeding period on the test diets was over, the test diet was replaced by stock ration

and each male was paired with three untreated virgin females. At the end of one week the

females were replaced by another batch of females and five consecutive weekly pairings were

undertaken. During the last mating, only two females were placed with each male.

Autopsy of the female

The females were killed by cervical dislocation, 17 or 18 days from the initial day of their

caging with the males, and their abdominal contents were exposed by a midventral incision.

Both the uterine horns were examined independently for live and dead implantations, the latter

included deciduomas and rarely dead embryos. Corpora lutea of pregnancy were counted in the
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ovaries. Any sign of ill health shown by any of the females was also recorded.

Mutagenicity evaluation

For the details on various criteria used for the evaluation of dominant lethal mutations,

viz. pre-implantation losses, post-implantation losses, total (pre- and post-implantation) losses

and incidence of females with dead implantations etc., please see Chapter II of this Report.

2.6. Statistical evaluation

Analysis of variance, t-test were used for the statistical evaluation of the data (Allder &

Roesoler, 1968) and the differences were considered significant at p < 0.05. Bartlett's test

(1967) was employed to ascertain the homogeneity of the variance among different groups. The

one way analysis of variance (Morrison, 1968) was used to determine whether significant

difference if any existed among the different mean values. Scheffe's test (Schaffe., 1959) was

applied to determine which mean values were different from each other. Comparisons were made

in all the possible combinations among all the four groups.

3. Results

3.1 Results of Micron ucleus test studies

The results of the micironucleus test are given Table 6.2 The positive control group

animals treated with hycanthone showed a very high increase (p<0.01) in the incidence of

micronucleated polychromatic erythrocytes (mn-PCEs). There was also significant reduction

(p<0.01) in the PCES/NCEs ratio. The incidence of (mn-NCEs) also increased in the

hycanthone-treated animals. However, animals fed irradiated or unirradiated mackerel diets or

stock rations showed no significant differences in the incidence of erythrocytes with

micronuclei and the PCEs/NCEs ratio remained comparable among these groups.

3.2. Results of bone marrow metaphase analysis

Bone marrow metaphase analysis data for individual rats and mean incidence of

chromosomal abnormalities for each group are shown in Tables 6.3a,6.3b,6.3c and 6.4,

respectively. Statistical evaluation of the data showed no significant differences among the
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various groups with regard to frequency of total abnormal cells, the values ranging from 0.77% to

1.32%. Chromatid breaks and gaps were comparable among different groups. The incidence of

chromosome breaks and fragments was 0.29% and 0.39% in stock ration and irradiated mackerel

diet respectively and no breaks were noticed in the unirradiated mackerel group. Whilst the

incidence of breaks in the irradiated mackerel group was higher, the value was within normal

limits observed in Wistar rats. The mean incidence of chromosomal breaks among different

groups, computed on the basis of percent frequency per animal was evaluated by non-parametric

analysis using the Kolmogrov-Smirnov test and no significant differences (p>0.05) were

observed between any of these groups. No dicentrics were observed in any of the groups during

this study. With the exception of one octaploid, all the ployploid cells were tetraploids. There

was an usually a high incidence of polyploidy in the stock ration group. However, in a

previous study involving greater number of control rats and a larger number of cells per slide, an

average incidence of 0.21% polyploid cells was found (George et al.,1976). The frequency of

polyploidy was not significantly different between animals fed on unirradiated and irradiated

mackerel diets.

3.3. Results of dominant lethal studies

Body weight and general appearance

AH the animals appeared to be in good health and there were no apparent manifestations

of any toxicity or behavioural changes, among the different groups during the 90 day feeding

period. However, after the animals were transferred to stock ration one fertile male belonging to

irradiated mackerel group died during the second week of mating. By error, the animal was

discarded without ascertaining the cause of death.

Data on the mean body weight of males measured during feeding on test diets are

presented in Fig. 1. The body weights of rats fed on the unirradiated diets did not show any

significant differences during the feeding study. As noticed in the parent generation (Chauhan

et.al., 1978) the animals fed on the mackerel diets grow faster than those fed on the stock ration.

Effect on fertility

There were no significant differences in pregnancy rates of females mated with males fed
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on unirradiated and irradiated mackerel diets during any of the five weeks of mating (Table 6. 5).

The mating performance of the mackerel fed groups was comparable to that of the stock ration

except that in the first week the latter had a relatively higher mating performance (p < 0.01).

Similarly, stock ration group had a higher pregnancy rate than the EMS group during second

week. Animals given EMS performed normally, except during the third week when as compared

with the other groups the.pregnancy was significantly lower (p < 0.01, see Table 6.5).

Analysis of the weekly mating performance of individual males revealed that with the

exception of one from the irradiated mackerel group all the males were able to impregnate. One

male fed the unirradiated mackerel diet fertilised only 2 out of 14 females paired. The

performance of other animals were considered normal.

Corpora lutea and total implantations

Data obtained during all the five matings pertaining to the uterine findings eg., corpora

lutea, total, live and dead implantations are presented here in Table 6.6. Mean corpora lutea and

total implantations per female as depicted in Table 6.7 showed no significant differences among

the three groups fed on stock ration, unirradiated mackerel and irradiated mackerel diets at any

stage of the study. As compared with the stock ration, the females mated with animals given

EMS showed relatively lower corpora lutea counts in 1st, 2nd and 3rd weeks of mating.

As expected the positive control (EMS treated) group also showed significant reduction in

the mean implantations as compared with other groups, the maximal effect being in third week (p

<0.001). This reduction in the implantation size indicated high pre-implantation losses due to the

EMS treatment. No such effect was however observed in any of the remaining three groups.

Pre-implantation losses calculated on the basis of differences between corpora lutea and total

implantations are shown in Table 6. 8. This mode of expression, also revealed the same pattern

of high pre-implantation losses in EMS treated animals during the second and third week of

mating with no such effect among the other groups at any stage of the test period.

Table 6.9 shows the summary of data on dead implantations, an index of post-

implantation losses. There were no significant differences in the dead implantations per female

among the groups given stock ration, unirradiated or irradiated mackerel diets in any of the five

weekly matings, thus showing no evidence of any post-implantation losses that could be
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attributed to the feeding of irradiated mackerel. As compared to other weeks, a somewhat higher

dead implantation rate was observed in all the groups in the first week of mating due to all dead

implantations shown by one or two animals in different groups. Though such an effect could

occur due to non-genetic physiological disturbances, in the absence of any apparent symptoms of

their ill health, these females were included in the evaluation. The group fed on irradiated

mackerel diet showed a relatively higher but in significant (p >0.05) post-implantation loss as

compared to the control group in the fifth week of mating. The EMS treated group showed a

highly significant dead implantation rate in the post-meiotic phase of spermatogenesis.

The total egg losses were comparable for animals fed stock ration, irradiated and

unirradiated diet (Table 6.10 ). A profound loss was, however, apparent in the positive control

group given EMS.

The number of females showing one or more dead implantations were comparable among

the three groups given stock ration, unirradiated mackerel diet and irradiated mackerel diet, with

the exception of 5th week when the latter group showed a higher incidence (p >0.05). The

number of females with dead implantations in EMS treated group was very high during all the

post-meiotic phase of spermatogenesis paralleling the increase in dead implantation rates as

shown in Table 6.11.

4. Discussion

To demonstrate the sensitivity of the test strain and to ensure the validity of the

experimental conditions employed, hycanthone treated animals were used as positive control.

The results obtained with hycanthone in the present study is in agreement with our earlier

observations (Chaubey et al., 1978; 1977) and those reported by others (Weber et al., 1975; Ray et

al.,1975; & Generoso & Russell, 1969). Assessment of dominant lethality did not provide any

evidence indicating mutagenic effects attributable to feeding with an irradiated mackerel diet

(Chaubey et al., 1978). Similarly, lack of any chromosomal damaging and/or clastogenic effect in

the bone marrow of mice fed on irradiated mackerel diets has been demonstrated by the

micronucleus test. The micronucleus test, which was initially introduced by Schmid (1975) has

been evaluated by various investigators (Chaubey et al., 1975,1977a, 1978b; Weber et al., 1975;

Matter & Schmid, 1971). The test has proved a useful and rapid method for screening
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clastogenic effects and permits an indirect measure of the proHferative state of the bone marrow

on the basis of PCEs/NCEs ratio. Feeding of irradiated mackerel did not aher the bone

marrow cell proliferation pattern, which was highly suppressed by hycanthone treatment.

Cytogenetic analysis at metaphase, is one of the valuable methods for studying

chromosomal damage.. The method allows examination of structural and numerical

chromosomal abnormalities. It is relatively easy to detect numerical and structural asymmetrical

chromosomal abnormalities, such as chromatid and chromosomal gaps, breaks, dicentrics, rings,

etc using conventional staining with Giemsa. However, for detecting symmetrical exchanges,

special techniques such as G-, Q-, R-bandings are required (Kilian et al.,1977).

To ensure the validity of the experiment under the conditions employed and to

demonstrate the sensitivity of the test animals EMS was used as a positive control. The EMS

treated animals exhibited a highly significant increase in the dominant lethality and the incidence

of females with post-implantation losses increased profoundly. These results are in general

agreement with those reported elsewhere (Generoso et.al., 1969; Chauhan et.al., 1975; Ray et.al.,

1973)) and confirm our earlier observations that inbred male Wistar rats are relatively more

sensitive to EMS as compared with different strains of mice (Chauhan et.al., 1978). The

maximum effect as evidenced by the profound reduction of live and total implantations and the

increase in the dead implantations was seen in the second and third weeks. In view of the

exposure of the animals to a single injection, this period represents the early sperms and late

spermatids. Among the EMS treated animals a decrease in the corpora lutea counts during third

week was observed. Although females were not subjected to any treatment this effect may

perhaps be due to a reduced physiological demand in response to very few implantations

(embryos) growing in the uterus of these animals.

Male rats fed on the irradiated diet did not exhibit any significant change in their

fertilization capacity. One male which failed to fertilize any of the females paired during the 5

meetings apparently did not manifest any abnormal behaviour or sign of apparent toxicity. Since

no cytological examination of the testes were undertaken, it is not known whether it had any

-translocation frequency or a reduction in sperm number was the cause. It is known that an

increase in the translocation frequency or reduction in the numbers of sperms can lead to sterility.

However, during earlier studies on the reproductive performance or parent generation involving
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larger number of animals, no incidence of any sterile male was observed due to ingestion of

irradiated mackerel diet (Chauhan et.al., 1978). Similarly, Swiss male mice given irradiated

mackerel diet continuously for 16 weeks did not reveal any evidence of impaired fertility or

reduction of the litter size (Ray et al., 1973). In the absence of any cytological evidence, though

the presence of a translocation cannot be ruled out categorically, in view of the observations from

other two studies mentioned above it is unlikely that such a phenomenon can occur due to

ingestion of irradiated mackerel. However, one male in the group fed on unirradiated mackerel

diet also performed poorly, impregnating only 2 out of 14 female paired.

Feeding on the irradiated mackerel did not exhibit any evidence of alterations in the

numbers of corpora lutea, live, or dead implantations as compared with the animals fed on

unirradiated mackerel diet or the stock ration. Assessment of dominant lethality did not therefore

provide any evidence of mutagenicity that could be attributed to ingestion of irradiated mackerel.

The dead implantation rate in all the three groups given stock ration, unirradiated and irradiated

mackerel diets was somewhat higher than the normal value generally observed during the last

several years for this strain of control animals (Chauhan et al., 1978). As mentioned earlier this

was due to one or two females showing no live implantations. The post implantation lethality

which is a direct measure of mutagenicity determined either as dead implantations per pregnant

female or as percentage of total implantations remained comparable among groups fed on the

irradiated or the unirradiated mackerel diets or the stock ration. Likewise, no significant

differences were observed in the total implantation rates between control and test groups,

suggesting that irradiated mackerel does not induce preimplantation lethality. During the fifth

week of mating, the group fed on the irradiated mackerel diet showed a statistically insignificant

increase in dead implantations and enhanced incidence of females with dead implantations. In

view of the parental and 90 days post-natal exposure of the animals to irradiated mackerel and

the fact that complete spermatogenic cycle of the rat is of about 72 days such an observation

cannot be considered tenable as due to ingestion of irradiated mackerel. Due to prolonged

feeding the effect, if any, should have been observed in the first week of mating.

The lack of any dominant lethal effects in mice following consumption of diet containing

irradiated mackerel at the same level (30%) has been reported elsewhere. In a feeding study

(Chauhan et al., 1978) various parameters pertaining to reproductive performance including
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fertility, litter size, growth and survival of Fj progeny during lactation were found comparable

between the groups of rats fed on irradiated and unirradiated mackerel diets.

Anukaranhanonta et. al. (1980), carried out a chronic study in rats fed irradiated mackerel

(2 kGy) for 730 days, but observed no toxic effect that could be attributed to the feeding of

irradiated mackerel. Various chronic, sub-chronic and mutagenesis studies in rats and mice

carried out by different laboratories, with a number of irradiated food products, including

mackerel has been extensively reviewed (WHO, 1994; Diehl, 1995).

Conclusions

The foregoing results with mice fed irradiated mackerel diets did not show any evidence

of induced micronuclei in the bone marrow erythrocytes. On the basis of the protocol, the results

indicate the absence of any mutagenic effect in the somatic cells of mice due to consumption of

irradiated mackerel. Similarly, bone marrow metaphase analysis of rats fed an irradiated

mackerel diet for 90 days did not reveal any significant increase in the frequency of cells with

chromosomal aberrations which could be attributed to the irradiation treatment. On the basis of

the data obtained with the experimental procedures employed, no evidence of induced

mutagenicity as revealed by the test for dominant lethals was observed in Wistar Fi male rats

that could be attributed to the ingestion of radurized (0.15 kGy) Indian mackerel.

Table 6 .1 . Outline of the experiment for dominant lethal test in Fi generation Wistar rats

Group No. of Males Diet

Stock ration
Test diet containing 35%
(dry weight) unirradiated mackerel
Test diet containing 35%
(dry weight) irradiated mackerel
Stock diet but given 200 mg/kg
EMS before pairing with the females

EMS - Ethyl methane sulfonate, Test diets were replaced by stock ration from the day of pairing
with the females.

Stock ration
Unirradiated
Mackerel diet
Irradiated
Mackerel diet
Positive control
(EMS)

12
11

12

7
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Table 6.2 . Incidence of micronuclei in the bone marrow erythrocytes of mice.

% mn-PCEs
% mn-NCEs

Total
(mn-PCEs-f
mn-NCEs)
PCEs/NCEs
ratio

Stock diet

0.29±0.03
0.14±0.07

0.43

0.93±0.01

Unirradiated
mackerel diet

0.20+0.04
0.16±0.03

0.36

0.89±0.02

Irradiated
Mackerel diet

O.3O±O.O5
0.15±0.04

0.45

0.93+0.03

Hycanthone
80mg/kg

3.62*+0.58
0.30±0.06

3.92*

0.56*±0.01

mn-PCEs = micronucleated polychromatic erythrocytes, mn-NCEs = micronucleated
normochromatic erythrocytes, PCEs/NCEs ratio of total polychromatic to normochromatic
erythrocytes. Values marked with asterisks are significantly different from corresponding values
for the remaining groups.

Table 6.3a. Bone marrow metaphase analysis in Wistar rats Detailed data
: Stock ration

No.ofmeta. Chromatid Chromosome Frag- Poly Total
phases gap break break ment ploidy Ab.Cells
scored

200
200
100
150
150
200
150
200
191
200

1 1

2

1

4

1
1

1
1
2

5
2
0
0
2
1
2
4
3
4

1741 5 3 10 23
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Table 6.3b. Bone marrow metaphase analysis in Wistar rats. Detailed
data : Unirradiated mackerel diet

No.of meta.
phases
scored

200
200
200
150
200
200
200
200
200
188

1938

Chromatid
gap

1
1

1

3

6

break

2
1

2
1

6

Chromosome
break

Frag- Poly
merit ploidy

1
1

1

1 2

Total
Ab.Cells

0
1
1
2
1
0
4
2
0
4

15

Table 6.3c. Bone marrow metaphase analysis in Wistar rats Detailed
data : Irradiated mackerel diet

No.of meta.
phases
scored

178
200
100
138
200
200
200
200
200
200

1816

Chromatid
gap

3

1

1
1

1

7

break

1
1
1

2

5

Chromosome Frag-
break ment

2

1

1
2 1

5 2

Poly
ploidy

1
1

1

3

Total
Ab.Cells

5
4
1
0
3
1
2
1
1
4

22



96

Table 6.4. Bone marrow metaphase analysis in Wistar rats

Group No.meta- Chromatid Chromo- Frag- Poly- Total Abn.
phases scored gap break some ment ploidy cells

break

Stock
ration
Unirradiated
mackerel
diet
Irradiated
mackerel
diet

1741

1938

1816

5
(0.29)

6
(0.31)

7
(0.39)

3
(0-17)

6
(0.31)

5
(0.28)

2
(0.12)

-

5
(0.28)

3
(0.17)

1
(0.05)

2
(0.11)

10
(0.57)

2
(0.10)

3
(0.17)

23
(1.32)

15
(0.77)

22
(1.21)

Values within parenthesis denote the percentage abnormality.
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Table 6.5. Dominant lethal test on Ft generation Wistar rats.: Data on pregnancy

Weeks Stock Unirradiated Irradiated Positive control
ration mackerel diet mackerel diet (EMS)

1

2

3

No

%

No

%

No

%

29 (36)

81

28 (36)

78

24 (36)

67

16(32)

50a

19 (33)

58

26(33)

79

18(35)

51

23 (36)

64

22 (33)

67

14 (20)

70

11(21)

52b

6(21)

29C

4

5

No
%

No
%

28(36)
78

22 (24)
92

24(33)
73

16(22)
73

20 (32)
63

16(22)
73

15(21)
71

11(14)
79

a Unirradiated mackerel vs stock ration p < 0.01
b EMS vs stock ration p<0.05
CEMS vs stock ration p<0.01; vs unirradiated mackerel p<0.01
Values within parenthesis denote the number of females paired.
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Table 6.6. Dominant lethal test on Fi generation Wistar rats :Total
corpora lutea and uterine findings

Weeks

1

2

3

4

5

CL
LI
DI

I

CL
LI
DI

I

CL
LI
DI

1

CL
LI
DI

I

CL
LI
DI

I

stock
ration

370
268

51
319

339
293
19

312

294
248
17

265

314
245
27
272

263
194
23

101

unirradiated
mackerel diet

190
126

21
147

220
164

21
185

310
260

14
274

280
219
23

242

193
157
14

217

irradiated
mackerel diet

221
145
27

172

262
194

25
219

275
211
22

233

219
166
15

181

193
136
28

171

positive
control

142
56
53

109

105
2

47
49

61
2

18
20

161
72
36

108

120
82
19

164

A - Stock B - Uniiradiated mackerel C - Irradiated mackerel
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Table 6.7. Dominant lethal test - Fi Wistar rats Corpora lutea and
implantations per pregnant female:Summary of mean value ± SE

Week

1

2

3

4

5

CL
I

LI

CL
I

LI

CL
I

LI

CL
I

LI

CL
I

LI

stock ration

12.8 ±0.31
11.0 ±0.45
9.2 + 0.73

12.1 ±0.34
11.1 ±0.44
10.5 ±0.44

12.3 ±0.28
11.0 ± 0.34
10.3 ±0.37

11.2±0.31
9.7 ±0.61
8.8 + 0.67

12.0 ±0.35
9.9 ± 0.55
8.88 ±0.55

unirradiated
mackerel diet

11.9 ±0.56
9.2 ± 0.87
7.9 ± 1.17

11.6 ±0.45
9.7 ± 0.89
8.6 ± 0.86

11.9 ± 0.26
10.5 ±0.48
10.0 ±0.54

11.7 ±033
10.1 ±0.44
9.1 ±0.49

12.1 ±0.43
10.7 ±0.58

9.8 ± 0. 57

irradiated
mackerel diet

12.3 ±0.47
9.6 ±0.75
8.1 ±0.82

11.4 ±0.43
9.5 ±0.71
8.4 ±0.73

12.5 ±0.28
10.6 ±0.48
9.6 ± 0.65

11.0 ±0.68
9.1 ±0.69
8.3 ± 0.60

12.1 ±0.68
10.3 ±1.05

8.5 ± 1.09

positive control
(MMS)

10.1±0.72a

7.8 ±.9 lb

4.0 ±1.06

9.6±0.93c

4.5 ± 0.84d

0.2±0.12d

1O.2±O.75C

*.3± 1.1 ld

0.3± 0.33d

10.7±0.45e
7.2± 0.891

4.8 ± 0.96h

10.9±0.53
9.2± 0.66
7.5± 0.80

a- EMS vs stock ration p < 0.01.,vs unirradiated mackerel p < 0.05
b- EMS vs stock ration P < 0.05
c- EMS vs stock ration p< 0.01
d- EMS vs other groups p < 0.001
e- EMS vs slock ration p< 0.05

vs irradiated mackerel p<0.01
f EMS vs unirradiated mackerel p < 0.05
g EMS vs stock ration p < 0.005
h EMS vs stock ration p,0.005

vs unirradiated mackerel p< 0.05
vs irradiated mackerel p< 0.05
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Table 6.8. Dominant lethal test - F] Wistar rats pre- implantation losses
Summary table + SE

Week Stock Unirradiated Irradiated Positive
ration mackerel mackerel control

diet diet (MMS)
week

No 51 43 49 33
per fem 1.8+0.40 2.710.60 2.710.49 2.410.49
% 13.8 22.6 22.2 23.2

No 27 35 43 56
per fem 1.0+0.26 1.810.64 1.910.51 5.110.90a
% 8.0 15.9 16.4 53.3

No 29 36 42 41
per fem 1.210.30 1.410.32 1.910.46 6.811.30b
% 9.9 11.6 15.3 67.2

No 42 38 38 53
per fem 1.510.42 1.610.33 1.910.60 3.510.74
% 13.4 13.6 17.4 32.9

No 46 22 29 19
per fem 2.110.58 1.4+0.61 1.810.52 1.710.60

% 17.5 11.4 15.0 15.8

a - EMS vs stock ration p < 0.001., vs unirradiated mackerel p < 0.01., vs irradiated
mackerel p < 0.01

b - EMS vs other groups p < 0.01
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Table 6.9. Dominant lethal test - Fi rats post- implantation losses.
Summary table ± SE

Week

1

2

3

4

5

No
perfem
%

No
perfem
%

No.
perfem
%

No
perfem
%

No
per fern
%

stock ration

51
1.8±0.52

16.0

19
0.7±0.19

6.1

17
0.7±0.19

6.4

27
1.0±0.19

9.9

23
1.1 ±0.22

10.6

unirradiated
mackerel
diet

21
1.3±0.66

14.3

21
1.1 ±0.25

11.4

14
0.5±0.16

5.1

23
1.0±0.37

9.5

14
0.9±0.26

8.2

Irradiated
mackerel
diet

27
1.5±0.53

15.7

25
1.1 ±0.26

11.4

22
1.0±0.37

9.4

15
0.8±0.22

8.3

28
1.8±0.32

17.0

positive
control
(MMS)

53
3.8±0.76

48.6

47
4.3±0.77a

95.9

18
3.0±0.86b
90.0

36
2.4±0.69 c

33.3

19
1.7±0.41

18.8

a- EMS vs other groups p < 0.001; EMS vs stock ration P < 0.005., vs unirradiated
mackerel; p < 0.005., vs irradiated mackerel p< 0.05; EMS vs irradiated mackerel p < 0.05
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Table 6.10. Dominant lethal test - Fj rats pre and post implantation losses
Summary table ± SE

week

1

2

3

4

5

No
per fern
%

No
per fern
%

No.
pe r fem
%

No
per fem
%

No
per fem
%

stock ration

102(29)
3.5 ±0.75

27.6

46(28)
1.6 ±0.31

43.8

46
1.9 ±0.37

15.7

69(28)
2.5 ± 0.46

22.0

69(22)
3.1+0.55
26.2

Unirradiated
mackerel
diet

64(16)
4.0 ±.1.0

33.7

56(19)
3.0 ±0.61

25.5

50(26)
1.9 ±0.37

16.1

61(24)
2.5 ±0.51

21.8

36(16)
2.3±0..61

18.7

irradiated
mackerel diet

76(18)
4.2 ± 0.7

34.4

68(23)
3.0 ± 0.67

26.0

64(22)
2.9 ± 0.64

23.3

53(20)
2.7 ± 0.57

24.2

57(16)
3.6 + 0.54

29.5

86(14)
6.1 ±0.84

60.6

103(11)
9.4 ± 0.86a

98.1

59(6)
9.8 ± 0.65a

96.7

89(15)
5.9 ± 0.89b

53.3

38(11)
3.5 ±0.75

31.7

a- EMS vs other groups p < 0.001; EMS vs stock ration P < 0.01, vs unirradiated
mackerel p < 0.01, vs irradiated mackerel p< 0.05

Values within parenthesis denote the numbers of pregnant animals.
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Table 6.11. Dominant lethal test - Fi rats Incidence of females with
dead implantations

Week Stock ration Unirradiated
mackerel diet

irradiated
mackerel diet

Positive
control
(MMS)

No

No

19

66

15

44

13

10

56

14

14

100a

11

No.

No

No

55

10

42

17

61

15

68

68

10

39

9

38

9

56

61

9

41

9

45

15

92e

100b

6

100c

13

87d

9

82

a- EMS vs stock ration p < 0.05., vs unirradiated mackerel p < 0.001., vs
irradiated mackerel p < 0.005

b- EMS vs stock ration P<0.01., vs unirradiated mackerel p <0.05., vs
irradiated mackerel p< 0.025

c- EMS vs stock ration p< 0.025., vs unirradiated mackerel p< 0.01., vs
irradiated mackerel p< 0.025

d- EMS vs unirradiated mackerel p < 0.005., vs irradiated mackerel p < 0.05
e- irradiated mackerel vs unirradiated mackerel p< 0.025
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Summary

This study was carried out to investigate the genotoxic potential of irradiated (30 kGy)

paprika as evaluated by estimating the frequency of micronucleated erythrocytes in bone marrow

of Swiss mice. Ground paprika was irradiated at a dose of 30 kGy and was stored between 8 to

18 days before being incorporated in the diet. Paprika was fed at 20% level in the diet for 10

weeks. No increase in the frequency of micronucleated erythrocytes, a measure of clastogenicity,

was observed in the group of mice fed irradiated paprika as compared to the group fed

unirradiated paprika, thus showing non-clastogenicity of irradiated paprika. Irradiated paprika

does not influence the cell proliferative activity of the bone marrow according to the PCEs/NCEs

ratio.

1. Introduction

Spices have been, traditionally, used to impart characteristic flavour to food in various

parts of the world. The rapid advances in food industry and a wide acceptance of processed foods

particularly in the affluent countries have remarkably increased the demand for flavouring

substances (Clark, 1970). Spices in their natural state, therefore have become an important food

commodity in the international market (Gottschalk, 1977). Spices have, however, been shown to

be microbially contaminated or prone to insect infestation and have been reported to cause

spoilage of foods to which they are added (Hadlok, 1969; Schonberg, 1952; Christensen et al.,

1967). In attempts to develop sterilisation procedures, gamma radiation has been applied to

sterilise spices with success (Farkas, 1972; Tjyberg et al., 1972; Inal et al., 1975). Paprika is one

of the important spice which can be disinfested by gamma radiation (0.40-0.70 kGy) or can be

preserved by a radurization (4 -5 kGy) process (Farkas, 1975; Farkas et al., 1973).

Present investigation was under taken to examine the potential chromosomal damaging

effect of irradiated paprika in the bone marrow of mice using the micronucleus test (Schmid,

1973; Chaubey et al., 1975).



105

2. Materials and Methods

Animals

Twenty inbred Swiss female mice of about 10 weeks, obtained from the animal house of

the Bhabha Atomic Research Centre* Mumbai were randomized into four groups on the basis of

weight and parentage and caged individually. Animals were allowed for two days to condition in

the experimental room of the animal house and maintained at standard conditions.

Irradiation

Paprika (Hungarian standard commercial quality) was irradiated at a dose of 30 kGy in a

Gamma cell 220 (Atomic Energy of Canada Ltd.) at a dose rate of 50.2 Gy/min. Irradiated

paprika was fed in diets between 8 to 18 days after irradiation.

Diets and feeding

Two groups of mice were continued on stock ration and the other two were given test

diets containing irradiated or unirradiated paprika (capsaicin-free, commercial quality from

KALOCSAI PAPRIKA-ES KONZERVIPARl VALLALAT, KALOSCA) at 20% (dry weight) level

and the feeding continued for 12 days. The composition of the test diets is given in Table 7.1.

Wheat and Bengal gram were cracked before mixing with other dietary ingredients. The

stock ration had about 8.7% moisture, 16.0% protein, 4.9% fat, 3.4% crude fiber and 3.2% ash.

Test diet had about 8.6% moisture, 15.1% protein, 5.6% fat, 5.3% crude fiber and 3.6% ash.

Animals were observed every day for any untoward sign of behaviour, apparent toxicity

and water intake. Daily food intake was measured for the individual animals. Animals were

weighed on the first and on the last day of the feeding period.

One of the groups fed stock ration was given 100 mg/kg of hycanthone methanesulfonate

30 and 6 h before killing and served as a positive control.

Preparation of bone marrow smears

After a feeding period of 12 days, animals were killed by decapitation and both femur

bones were excised and bone marrow smears were prepared as reported earlier (Chaubey et al.,

1975).
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Statistical evaluation

Data were evaluated by the analysis of variance and t-test statistics (Morrison, 1967). The

Bartlett test was applied to determine the homogeneity of the variance. The difference was

considered significant at p ^0.05.

*For details of the procedure, please refer to chapter 2 of this report

3. Results

The data on food intake and body weight did not show any significant differences among

different groups.

As compared with the other groups the positive control group given hycanthone showed a

highly significant increase (p<0.001) in the frequency of polychromatic erythrocytes with

micronuclei (mn-PCEs) and a profound suppression of the cell proliferative activity as revealed

by the decrease PCEs/NCEs ratio (Table 7.2). These effects confirm our earlier observations on

the highly clastogenic nature of hycanthone (Chaubey et al., 1978b).

The average incidence of micronuclei in PCEs and NCEs were comparable among the

groups given stock ration and the test diets containing irradiated or unirradiated paprika (Table

7.2).

4. Discussion

The micronucleus test (MNT), initially developed by Schmid (Matter & Schmid, 1971)

and Heddle (1973), independently, has been increasingly used in the field of chemical

mutagenesis. The test serves as a useful indicator of cytogenetic damage and to date has been

proved to be a convenient and rapid method of screening chromosomal damage in vivo in mice

with about the same level of sensitivity as that of the bone marrow metaphase analysis (Miller,

1973; Kliesch et al., 1981). It has given dose-related response with a number of mutagenic agents

e.g. X-rays (Chaubey et al., 1978a), y-rays (Chaubey et al., 1993), trenimon (Matter & Schmid,

1971), hycanthone (Chaubey et al., 1978b).
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The test has also been used for in vivo (Jensen & Huttle, 1976) and in vitro (Fenech & Morley,

1985) studies in human system. Here, we have used this technique, to evaluate the cytogenetic

effect of feeding irradiated paprika in mice.

The feeding studies with diets containing irradiated paprika have shown no deleterious

effects in rats with regard to growth, clinical chemistry, reproduction, and gross pathology

(Barna, 1973,1974,1976). In view of the expanding requirements of wholesomeness testing of

irradiated foods for genetic effects (Joint FAO/IAEA/WHO Expert Committee, 1969; Chauhan,

1974), mutagenicity tests were carried out with untreated, heat treated and irradiated (50 kGy)

paprika using in vitro (repair capacity of Salmonella thyphimurium TA 1535, TA 98 and TA

1975) and in vivo (HMAT with Salmonella typhimurium TA 1530) methods. The experiments

indicated no mutagenic effects of paprika untreated, heat or radiation treated (Central Food

Research Institute, Budhapest, 1977). In attempts to develop sterilisation procedures, gamma

radiation has been applied to sterilise spices with success (Farkas, 1972; Tjyberg et al., 1972; Inal

et al., 1975). Paprika is one of the important spice which can be disinfested by gamma radiation

(0.40-0.70 kGy) or can be preserved by a radurization (4 -5 kGy) process (Farkas, 1975; Farkas et

al., 1973).

A variety of short term in vivo methods for mutagenicity evaluation did not show any

increase in mutagenicity with irradiated spices as compared to unirradiated spices in rats (Farkas

et. al., 1981; Barna, 1986; Farkas & Andrassy, 1981, Elias, 1983; Diehl, 1990, 1995). In the

present studies on the effect of feeding irradiated (30 kGy) paprika to Swiss mice also did not

show any increase in the frequency of mn-PCEs in the bone marrow tissue.( Chaubey et al.,

1979)

5. Conclusions

The results of this study show no evidence any clastogenicity in the bone marrow of mice

that could be attributed to ingestion of irradiated paprika. The lack of any effect on the

PCEs/NCEs ratio suggested that feeding of irradiated paprika does not influence the cell

protiferative activity of the bone marrow.
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Table 7.1. Composition of diet

Wheat

Bengal gram (Cicer arietinum)

Paprika

(irradiated or uninadiated)

Dry yeast

Fish meal

Shark liver oil

Til oil

Stock ration (%)

70.0

20.0

4.0

5.0

0.25

0.75

Test diet (%)

56.0

16.0

20.0

3.2

4.0

0.20

0.60

Table 7.2. Incidence of ery throcy tes with micronuclci in the bone marrow of mice

Group

Stock ration

Unirradiated

paprika

Irradiated

paprika

Hycanthone

(positive control)

%mn-P('H.s

O.lliO.06

0.23+0.08

0.11+0.04

4.5*±0.73

%mn-NCEs

0.06+0.05

O.O3±O.O5

0.06±0.02

O.23*tO.O8

%mn-PCEs +

%mn-NCEs

0.18+0.11

0.27±0.09

0.17±0.06

4.74*10.75

PCEs/NCEs

1.02

0.99

1.00

0.54*

± = Standard deviation, inn-PCEs = micronucleated polychromatic erythrocytes, mn-NCEs = micronucleated
normochromalic erythrocyles. *p<0.001 as compared with other groups. Five animals were used in each group and
two slides were prepared from each animal. Around 1000 PCEs and the corresponding number of MCEs were
screened for the presence of micronuciei per slide. Hycanthone (100 mg/kg) was injected intraperitoneally 30 and 6
h before killing the animals.
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Summary

Irradiated, sun-dried, salted mackerel was evaluated for its potential genotoxic effect in

Swiss mice and wistar rats. Bone marrow micronucleus test in mice and bone marrow metaphase

analysis in Wistar rats were used for investigating somatic effects whereas dominant lethal

mutation assay in mice was used for investigating germinal effects. Traditionally salted and dried

mackerel (Rastrelliger kanagurta) procured from local sources was irradiated at 2 kGy and stored

for two to three weeks 0-2°C. Groups of animals were fed on stock ration or test diets containing

salted, dried and irradiated mackerel at 25% level on dry weight basis for a period of eight weeks.

After the schedule feeding period, animals were processed for micronucleus test or metaphase

preparation. Analysis of data did not reveal any evidence of induced micronuclei in erythrocytes

in mice or chromosomal abnormalities in rats as compared to the animals maintained on stock

ration. Similarly, in dominant lethal mutation assay, there was no difference in mating

performance of the animals fed on irradiated and non- irradiated mackerel diets. The total and

live implantation per female also remained unaltered for groups fed on irradiated non irradiated

diets. Similarly, the level of post-implantation losses were not significantly different for groups

given irradiated or unirradiated diets revealing lack of irradiated mackerel to induce any

mutagenic effect that could be detected by the dominant lethal test. Conclusively, there was no

evidence of induced chromosomal abnormalities or domiant lethality was observed following

eight weeks of feeding on irradiated mackerel.

Scope, significance and background of the work

Widespread protein insufficiency in the diets of people from developing countries

particularly those which have a long coast line, could be effectively met by augmenting the

supplies of sea foods. Since, mackerel is abundantly available in several Asian countries, a

collaborative programme entitled "Regional Project on the Preservation of Asian Fish" (RPF)

was initiated by the Agency under the Regional Co-operation Agreement (RCA). Mackerel

is, however, a seasonal fish and to make the fish available in off-season, salting and drying have

been widely employed. The product, however, is prone to insect infestation resulting in

considerable losses and also posing hygienic problems. Radiation disinfestation of salted and

dried mackerel (Maha et al., 1980) has shown potential as a method for improving the quality,

while reducing the infestation losses. A multigeneration feeding study of salted, dried and
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irradiated mackerel (2 kGy) has shown safety of this product from health angle (Anukarahanonta

et al., 1979). In recent years, genetic toxicology has become a part of the safety evaluation

programmes including those for irradiated foods. The present study was intended to generate

data concerning potential genetic effects of irradiated mackerel. The main objective of this

project was to evaluate the potential genetic effects of irradiation on salted, dried fish

incorporated into a nutritionally adequate diet at 25% (dry weight) level. The studies have

included assessment in both the somatic and germ cells employing cytogenetic analysis of the

bone marrow and the dominant lethal assay, respectively. The following three independent

studies have been carried out.

1. Bone marrow metaphase analysis in rats

2. Bone marrow micronucleus test in mice

3. Dominant lethal assay in mice.

1. Introduction

Sea foods have a very limited shelf-life and are difficult to preserve. They are often

spoiled before they can be transported to nearby markets, thereby causing considerable loss. A

number of disease causing microbial organisms have been identified in sea foods which are

responsible for spoilage such as Salmonella, Staphylococcus, Clostridium perfringens, etc. Some

of the pathogenic organisms too (some pathogenic strains of Escherichia coli) have also been

identified in improperly handled and stored fish. Radiation preservation of sea foods, provides

an alternative method for safe and hygienic preservation of the sea-foods. (IAEA, 1973). Present

studies were undertaken to evaluate whether feeding of irradiated (2 kGy), sun-dried salted

mackerel has any adverse genotoxic effect in rats and mice. Micronucleus test and metaphase

analysis, the two most appropriate and widely methods, were used for evaluation of somatic

damage in rats and mice. These methods have been extensively used to detect the genetic effects

of ionizing radiations and environmental pollutants (Chaubey et al., 1978a; 1978b; Schmid,

1975; Kliesh et al., 1981). Several irradiated food items have also been evaluated for

their potential genotoxicity using these methods (Vijayalaxami 1975; Renner, 1977; Chaubey et

al., 1978; 1980; Tanaka et al., 1992; Maier et al., 1993). To investigate the germinal effects of

irradiated (2 kGy), sun-dried salted mackerel, dominant lethal mutation assay was employed.
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This is one of the most suited method which can be incorporated into the regular toxicological

practices using laboratory mammals (Chauhan, 1974; Ehling 1977; Maha et al., 1980). The

genetic basis for dominant lethality is mainly due to the induction of structural and numerical

chromosomal anomalies such as translocations and aneuploidies (Bateman et al., 1971). Three

methods which have been employed in these studies are the standard methods of genotoxicity

evaluation which have been accepted by National and International Health Regulatory

Authorities.

The present studies were under taken as a part of the Contract No. 2495/RB on the

Genetic toxicological evaluation of salted, dried and irradiated mackerel with the

International Atomic Energy Agency (IAEA), Vienna.

2. Materials and Methods

2.1. Fish processing and irradiation

The traditionally salted and sun dried mackerel were purchased from the local

sources. This common practice of preserving fish involves salting of mackerel between 30% to

35% with common salt and has about 20-25% moisture. Head and tail of the fish were removed

and the dressed mackerel were packed in polythene bags for irradiation.

The mackerel packed in sealed polythene bags was irradiated in a Gamma Cell 220

irradiator (Atomic Energy Canada Ltd) with a dose of 2 kGy at a dose rate of 0.03 kGy/minute

in air. Dosimetric measurements using Fricke's dosimeter (Ferrous ammonium sulphate)

showed a dose variation ratio between 1.1 to 1.15. The irradiated fish were stored for two to

three weeks between 0°, to 2°C. Following storage the fish were kept under running water for the

removal of excessive salt. Fish were then deboned, dried at 60°C in an air dryer to about 9-10%

moisture and powdered. The dried mackerel powder was packed in polythene bags, sealed

and stored between -10°C to -15°C until incorporation into the diet. The unirradiated

mackerel were processed in a similar manner except for exposure to the radiation.

2.3. Diet preparation

Batches of irradiated and non-irradiated mackerel powder were withdrawn from the cold

storage at weekly intervals. After allowing them to come to the room temperature the fish
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powder was mixed with other ingredients of the diet in a feed mixer to make the experimental

diets. The experimental diets were formulated to provide the necessary nutrients to support

the normal growth of laboratory mouse. The dietary ingredients were of the quality acceptable

for human consumption. Experimental diets were prepared weekly and supplemented with

adequate amounts of vitamins (Aravindakshan et. al., 1980) before feeding.

2.4. Animals

Swiss male mice and Wistar rats of either sexes, bred in the animal house of our

Research Centre were used throughout these studies. All the animals were marked by ear

punch technique to allow individual identification. Animals were maintained under standard

conditions and practices of animal care and had access to food and water all the 24 hrs during

the entire period of the study. Four weeks old animals received from the breeding colony of the

research centre were transferred to the experimental rooms of the animal house and were

allowed to condition with the new surroundings for few days. Animals were then caged

individually and randomized into the following groups on the basis of parentage, age and body

weight.

An outline of the experiment and various dietary groups are presented in Table 8.1 and

the composition of stock ration and experimental diets is shown in Table 8.2. The following

four groups were employed.

1. Stock ration used in the breeding colony of the animal house of our Research Centre.

2. Non-irradiated mackerel diet-containing 25% salted, dried and non-irradiated mackerel

powder.

3. Irradiated mackerel diet containing 25% of salted, dried and irradiated mackerel powder.

4. Positive control group- In the case of micronucleus test, an additional group fed on stock

ration was injected i.p. with hycanthone at a dose of 80 mg/ kg body weight.

1. Negative control group - fed on stock ration

2. Control group - fed on experimental diet containing non irradiated mackerel.

3. Test Group - fed on experimental diet containing irradiated mackerel.

4. Positive control group- In the case of micronucleus test, an additional group fed on stock

ration was injected hycanthone methanesulfonate to serve as a positive control group. The

composition of the stock ration and the experimental diet is shown in table 8.2 was as
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following : An outline of the experiments showing the number of animals per group and

the diets fed to the respective groups are shown in Table 8.1 for both the micronucleus test

and the bone marrow metaphase analysis.

2.5. Experimental Procedure

2.5.1 Micronucleus Test

After feeding period of eight weeks, the mice were killed by decapitation and bone

marrow smears were prepared according to the procedure of Schmid (1975). For the details of

this technique see Chapter II of this Report.

2.5.2. Bone marrow metaphase analysis

After the feeding period on respective diets was over the rats were treated i.p. with 1

mg/kg colchicine dissolved in distilled water and

killed by cervical dislocation 2 hours after the injection. Bone marrow preparations were made

using the standard method. For details of the technique, see Chapter II of this Report.

2.5.3. Experimental procedure for dominant lethal assay

An out line of the experimental protocols are given in Table 8.3. Males, divided into four

groups and caged individually were fed on their respective diets for a period of eight weeks.

Body weights were recorded on a weekly basis. After the feeding period on the mackerel test

diets was over, all the males were transferred on stock ration and each male was paired with two

virgin Swiss females of 8-10 weeks. At the end of one week, females were replaced by another

and four such weekly matings were undertaken. The positive control group males were given a

single injection of 50 mg/kg methyl methanesulfonate (MMS), i.p., one day before pairing with

the females.

The female mice were autopsied on 14th or 15th day from the middle of their caging with

the males. The uterine contents were examined for pregnancy and for live and dead

implantations. The main criteria for the assessment of mutagenicity were the numbers of dead

implantations expressed per pregnant female and as a percentage of total implantations
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(Bateman,et al.,1971; Chauhan et al., 1974). For details of this technique, see Chapter II of this

Report.

2.6. Statistical Evaluation

Datas were evaluated by statistical differences in the incidence of micronuclei per

animal were compared using the Wilcoxon Rauksum Test and t-test statistics. The differences

were considered significance at p<0.05. The data were evaluated by statistical methods (Alder et

al., 1968) using analysis of variance, t-test, and X2 test. The differences were considered

significant at 95% confidence limits.

3. Results

3.1. Genotoxicity data with Micronucleus test.

The mean incidence of micronucleated erythrocytes and ratio of polychromatic to

normochromatic cells (PCEs/NCEs ratio) among different groups are summarized in Table 8.4

and group wise data from individual animals are shown in Tables 8.5 - 8.8. The positive control

group which received hycanthone, an antischistosomal drug mutagen and shown earlier to be

highly clastogenic in the present mouse strain (Chaubey et al., 1978) induced a statistically

significant increase (PO.001) in the frequency of micronucleated erythrocytes and a reduction in

the PCEs/NCEs ratio. Among the hycanthone treated animals, one female died after the second

injection. The average incidence of micronucleated polychromatic erythrocytes among females

was 3.95% against 5.82% among males. Similarly higher frequency of normochromatic

erythrocytes with micronuclei and greater reduction of PCEs/NCEs ratio was also observed

among males as compared with females. However, the number of animals are not adequate to

arrive at a definite conclusion in this regard, although sex variability has been reported in

chemical mutagenesis. No sex related differences were seen among the groups fed on irradiated

or nonirradiated mackerel diets (Table 8.4) although the stock ration males (0.27%) also

exhibited a higher frequency of mn - pees erythrocytes as compared with the female mice

(0.17%). The average frequency of micronucleated cells in the mackerel fed group was higher

than the stock ration group. However, the difference was significiant between stock ration and

irradiated mackerel fed groups only. Between the two group fed on irradiated and unirradiated
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mackerel diets, the latter exhibited a lower but not statistically significant mean values for

micronucleated erythrocytes, the normochromatic cells and the PCEs/NCEs ratio showed no

differences among these groups. There were, no significant differences that could be detected by

the micronucleus test between the animals fed on irradiated or unirradiated mackerel diets.

3.2. Bone marrow metaphase analysis

The average incidence of different types of abnormalities are summarised in table 8.9.

The data generated for individual animals are given on tables 8.10 to 8.12 for different groups.

The numbers of chromosome and chromatid breaks and gaps and the number of dicentrics were

comparable between groups fed on irradiated and unirradiated mackerel diets. The total numbers

of abnormal cells were not statistically different among any of the groups. No polyploid cells

were observed in the group fed on unirradiated mackerel diet. Similarly no chromosome gaps

and break and dicentrics were observed in the stock ration group and no chromosome breaks

in the irradiated mackerel group. In view of our earlier observations in wistar rats these

observations were considered incidental. The level of polyploidy was comparable between stock

ration and irradiated mackerel fed groups and was within limits considered normal for Wistar rats

as reported in our earlier studies based on larger number of animals. When the data were

compared for male and female rats separately, considerable variability in the incidence of

different aberrations was noticed. For instance, among the three groups when chromatid type

aberrations were considered, where as maximum number of gap in females were found in

irradiated mackerel group the maximum incidence of breaks among females was in stock ration

group and among males in unirradiated mackerel group. Similarly, whereas irradiated mackerel

fed females showed higher percentage of total abnormal cells in unirradiated mackerel led males

exhibited higher incidence of total abnormal cells. Therefore, no increase in the incidence of

chromosome or chromatid observations could be attributed to the feeding of irradiated mackerel

and were considered to appear due to limited number of observations (8.13)
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3.3. Data on dominant lethal mutations

3.3.1. Body weight and general appearance

Mean weekly body weight data of males recorded during the feeding on different diets

are given in table 8.14 The animals on mackerel diets grew at par with those on stock ration.

Though, marginal weekly fluctuations were observed, the growth pattern were similar for

different groups. All the animals appeared to be in good health and there were no apparent

signs of any toxicity or behavioural changes among the different groups at any stage of the

eight weeks feeding period. The measurement of weights at the end of eight weeks of feeding

were missed.

3.3.2. Pregnancy

The mating performance of the mackerel fed groups was comparable with that of the

negative control group fed on stock ration during all the four weekly matings. There were also

no significant differences in pregnancy rates of females mated with males fed on irradiated and

non-irradiated mackerel diets. As compared to the first three weeks the incidence of pregnant

females was relatively lower during the fourth mating Table 8.15.

3.3.3. Total and live implantations

Numbers of total, live and dead implantations observed among different groups are

shown in Table 8.16 . Mean values for total and live implantations as depicted in Table 8.17,

did not show any significant differences among the three groups fed on stock ration, non-

irradiated and irradiated mackerel diets at any stage of the study. However, among all these

three groups the implantation and live implantation rates for the fourth mating were reduced as

compared with the first three weeks. The positive control group (MMS treated) animals however

showed significant reduction in total and live implantations in the first two weeks of mating

period with a maximum effect during the second week of mating.

3.3.4. Post-implantation losses

The data on mean post-implantation losses are shown in table 8.18. No significant

differences were observed between females mated with males fed on irradiated and non-
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irradiated mackerel diets at any stage of the testing. In fact, the three groups fed on stock ration,

irradiated and non-irradiated mackerel diets showed a high level of homogeneity with regard to

the mean post implantation lethality (Table 8.18) as well as the number of females with dead

implantations (table 8.19) during the first three weeks of mating. In the fourth mating however

the dead implantation rate was higher in the groups of animals fed on mackerel diets. The

animals on irradiated and non-irradiated mackerel diets did not however show any significant

differences.

The MMS treated group, showed a high incidence of post-implantation loss during the

first two weeks of mating. As expected the most sensitive period to MMS induced post

implantation lethality was the second week of mating. The incidence of females showing dead

implantations was also very high in the first and second week of mating period in the positive

control group treated with MMS.

4. Discussion

Safety evaluation of irradiated food has been very thoroughly investigated by different

laboratories in the world. A large number of chronic and sub chronic studies including

reproduction , teratology and mutagenesis carried out in animals over the last couple of decades

did not show any adverse effect which could be attributed to the feeding of irradiated food

(Diehl, 1995). However, some differences have been reported, but no consistent pattern has

emerged from those studies. In the present study, involving feeding of Swiss mice and wistar rats

with salted, dried and irradiated mackerel (2 kGy) for eight weeks did not show any increase in

chromosomal damage in bone marrow cells as evaluated by the induction of micronuclei in

erythrocytes of Swiss mice or any numerical, asymmetrical types of abnormalities at metaphase

in Wistar rats.

The data generated from the MMS treated positive control group showed a marked

increase in the post-implantation losses during the first two weeks of mating. There was also a

reduction of total and live implantations and a high incidence of females with dead implantations

during these matings. These observations validated the experimental conditions and sensitivity

of the animals used in the study. The results also demonstrated the reproducibility of dominant
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lethal assay since the extent of induced mutagenicity was comparable with our earlier studies in

Swiss males employing the same dose of MMS (Aravindakshan et al., 1980).

The data obtained from groups of males fed on irradiated mackerel did not exhibit any

significant changes in their fertilization due to ingestion of irradiated mackerel. Nor there was

any evidence of induced mutagenicity at any stage of the study due to feeding of irradiated

mackerel at pre and/or post-implantation level as total, live and dead implantation rates

remained comparable between groups fed on non-irradiated and irradiated mackerel diets.

In fact, the three groups fed on stock ration or non-irradiated mackcerel diets exhibited a high

level of homogeneity with regard to mating performance, total and live and dead implantations

as well as incidence of females with dead implantations during the first three weeks of mating.

This homogeneity was observed when comparisons were made between groups or between

weekly measurements. However, as compared with the first three weeks, there was a reduction,

in the total and live implantations in all the three groups fed on stock ration, non-irradiated and

irradiated mackerel diets during the fourth mating. The level of post-implantation losses for

mackerel fed groups was also higher in the fourth week as compared to their performance

during the first three weeks. The post-implantation losses for the stock ration, however, did not

alter during the fourth week. As stated earlier, post-implantation losses for the groups fed on

irradiated and non-irradiated mackerel diets, were similar suggesting the incorporation of

irradiated mackerel in diet did not provide any evidence of induced mutagenicity. Extensive

studies on radurized Indian mackerel, reported earlier from this centre have also not shown any

mutagenic activity in rats and mice due to ingestion of irradiated (1.5 kGy) fish (Aravindakshan

et al., 1978; Chaubey et al., 1978a; Chaubey et al., 1980).

Conclusions

On the bais of the data obtained, from different studies on somatic and germinal effects of

feeding of salted, dried and irradiated mackerel diet continuously for a period of eight weeks did

not provide any evidence of induced mutagenicity in Swiss mice and Wistar rats as revealed by

the bone marrow micronucleus and metaphase analysis and test for dominant lethals with the

experimental procedures employed.
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Table 8.1. Outline of the experiment for mutagenicity evaluation of irradiaetd mackerel for

somatic damage in rats and mice.

Group

Stock ration

Salted, dried &
Unirradiated
mackerel

Test diet containing
dried & irradiated
mackerel

Positive Control

Bone-marrow metaphase
analysis in Wistar rats
No. of animals

3M
3F

3M
3F

Salted, 3 M
3F

3M
2F

Micronucleus Test
in Swiss mice
No. of animals

3M
3F

3M
3F

3M
3F

Diet

Stock diet

Test diet containing
(dry weight) salted,
dried & unirradiated
mackerel.

25% (dry weight) salted
dried & irrad.mackerel.

Stock diet & Hycanthone
methane sulfanate,
SO mg/kg.

One female died 30 min. after second injection of Hycanthone methanesuifonate. M- Male, F-
Female.

Table 8.2. Composition of stock and test diets

Stock ration Test diets

Wheat
Bengal gram
(cicer arietinum)
Yeast powder
Fish meal
Oila

70
20

4
5
1

Starch
Mackerel

Sugar
Vitaminised sugar
Oilb

65
25

3
2
3

Mackerel was dried to about 9-10% moisture and then mixed with other ingredients a - Sesame
oil and shark liver oil (0.75 : 0.25), b - Sesame oil and shark liver oil (2.75 : 0.25).
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Table 8.3. Mutagenicity evaluation : Dominant lethal test in Swiss mice Outline of

experiment

Group No. of males Diet

Stock ration 21 Stock ration

Salted, dried and 21 Test diet containing 25% (dry
Unirrad. dried (control) weight) salted, dried and
mackerel diet unirradiated mackerel

Salted, dried and 21 Test diet containing 25% (dry
Irrad. dried (test) weight) salted, dried and
mackrel diet irradiated mackerel

Positive control 21 Stock diet but given 50 mg/kg
(MMS) MMS before pairing with the

females

MMS - Methyl methanesulfonate, Test diets were replaced by stock ration from the day of
pairing with the females.
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Table 8.4. Mutagenicity evaluation of salted, dried and irradiated mackerel in Swiss mice

Group

Stock
ration

Salted, dried
& Unirradiated

Salted, dried
& irradiated

Positive Control

Hyc 80mg/kg

No. of
animals

3M
3F

3M
3F

3M
3F

3M*

2F

% Poly-E
withMN

0.22±0.04a

(26/12,000)

0.31+0.04
(37/12,000)

0.43b±0.01
(51/12,000)

5.07b±0.05

(507/10,000)

%Normo-W
withMN

0.09±0.04
(13/14,300)

0.1210.01
(17/14,016)

0.1110.02
(16/14,309)

0.81b±0.14

(114/13,787)

% Poly-E+
Normo - E

0.31

0.43

0.54

5.88

P/N Ratio

0.84±0.01

0.8510.04

0.8310.01

0.72cl0.02

#. One female mice died 30 min. after second injection of Hycanthone methanesulfonate (Hyc),
80 mg/kg, M - Male F - Female, Poly-E = polychromatic erythrocytes, Normo-E=
normochromatic erythrocytes, MN = micronuclei, P/N ration = polychromatic to normochromatic
erythrocytes ratio. "Stock ration vs Unirradiated mackerel p<0.01, bpositive control vs other
groups p<0.01
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Table 8.5. Incidence of micronucleated erythrocytes in individual animals fed stock ration

Sex

F

F

F

M

M

M

Mean
±S.E

% mn-PCEs

0.30
(6/2000)

0.10
(2/2000)

0.10
(2/2000)

0.30
(6/2000)

0.30
(6/2000)

0.20
(4/2000)

0.22±0.04
(26/12,000)

% mn-PCES

0.04
(1/2427)

0.12
(3/2418)

0.04
(1/2937)

0.13
(3/2397)

0.13
(3/2341)

0.09
(2/2320)

0.09±0.02
(13/14,300)

PCEs/NCEs Ratio

0.82

0.82

0.83

0.83
-

0.85

0.86

0.8410.01
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Table 8.6. Incidence of micronucieated erythrocytes in individual animals fed salted, dried
and unirradiated mackerel

Sex

F

F

F

M

M

M

Mean
±S.E

% mn-PCEs

0.45
(9/2000)

0.20
(4/2000)

0.25
(5/2000)

0.30
(6/2000)

0.40
(8/2000)

0.25
(5/2000)

0.31 ±0.04
(37/12,000)

% mn-NCEs

0.13
(3/2306)

0.13
(3/2324)

0.13
(3/2328)

0.13
(3/2363)

0.09
(2/2344)

0.13
(3/2351)

0.12±0.01
(17/14,016)

PCEs/NCEs ratio

0.86

0.86

0.85

0.84

0.85

0.85

0.8510.04
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Table 8.7. Incidence of micronucleated erythrocytes in individual animals fed salted, dried
and irradiated mackerel

Sex

F

F

F

M

M

M

Mean
±S.H

% mn-PCEs

0.40
(8/2000)

0.40
(8/2000)

0.45
(9/2000)

0.45
(9/2000)

0.40
(8/2000)

0.45
(9/2000)

0.43±0.0l
(51/12,000)

% mn-NCEs

0.13
(3/2328)

0.16
(4/2448)

0.04
(1/2423)

0.08
(2/2431)

0.13
(3/2348)

0.13
(3/2331)

0.11 ±0.02
(16/14,309)

PCEs/NCEs Ratio

0.85

0.81

0.82

0.82

0.85

0.85

0.83±0.01
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Table 8.8. Incidence of micronucleated erythrocytes in individual hycanthone (80 mg/kg)
treated animals.

Sex % mn-PCEs mn-NCEs PCEs/NCEs Ratio

F Died 30 min after second injection

0.76

0.78

M 5.35 0.83 0.72

4.30
(86/2000)

3.60
(72/2000)

5.35
(107/2000)

6.20
(124/2000)

5.90
(118/2000)

0.57
(15/2609)

0.43
(11/2548)

0.83
(23/2764)

1.10
(32/2917)

1.12
(33/2949)

M 6.20 1.10 0.68

M 5.90 1.12 0.67

Mean 5.07±0.049 0.81±0.14 0.72±0.02
±S.E (507/10,000) (114/13,787)
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Table 8.9. Mutagenicity evaluation of sun-dried, salted mackerel in Wistar rats by bone
marrow metaphase analysis. Summary table.

No. of No.of Chromatid Chromosome % % Poly- % Abnormal
Group animals meta- Gap Break Gap Break Dicen ploid cells

phase % % % % tries cells

Stock ration 3 M 1050 0.3±0.2 0.8+0.3 -
3 F (3) (8)

Salted, dried 3 M 1200 0.2+0.1 0.710.2 -
andunirrad. 3F . (2) (8)
mackerel diet

Salted, dried 3M 1200 0.5±0.2 0.4±0.2 0.1
unirradiated 3F (6) (5) (1)
mackerel diet

0.1

0)

-

0.1
(1)

0.1
(1)

0.410.2
(3)

-

0.4±0.2
(5)

1.510.5
(14)

1.210.2
(12)

1.510.5
(18)
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Table 8.10 Mutagenicity evaluation salted, dried and irradiated mackerel by bone marrow
metaphase analysis in Wistar rats. Incidence of chromosomal aberrations in the
bone marrow of individual animals. Stock ration

No. of. Chromatid Chromosome % % Polyploid % Abnormal
Sex cells Gap Break. Gap Break. Dicentrics cells cells

scored % % % % .

M 200 0.0 0.5

(-) (1)

M . 200 1.0 0.5

(2) (1)

M 200 0.0 0.0

F 200 0.0 1.0

(2).

F 150 0.7 2.0

(1) 0)

F 100 0.0 1.0

(1)

Mean 1050 0.3±0.2 0.8±0.3 9.4±0.2 1.5±0.5
±S.E (3) (8) (3) (14)

0.5

(1)

0.0

(3)

0.0

0.0

0.7

(1)

1.0

(1)

1.0

(2)

1.5

0.0

1.0

(2)

3.3

(5)

2.0

(2)
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Table 8.11. Mutagenicity evaluation salted, dried and irradiated mackerel by bone
marrow metaphase analysis in Wistar rats. Incidence of chromosomal
aberrations in the bone marrow of individual animals fed salted, dried and
unirradiated mackerel

No. of Chromatid Chromosome % %Polyploid % Abnormal
Sex cells Gap Break Gap Break Dicentrics cells cells

scored % % % %

M

M

M

F

F

F

Mean
±S.E

200

200

200

200

200

200

1200

0.5
(1)

0.5
(1)

0.0

0.0

0.0

0.0

0.2+0.1
(2)

0.5
(1)

1.0
(2)

1.0
(2)

0.5
(I)

1.0
(2)

0.0

0.710.2 -
(8)

0.0

0.0

0.0

0.0

0.0

0.5
0)

0.1

(1)

0.50
(1)

0.1
(1)

1.0
(2)

1.5
(3)

1.5
(3)

0.5
(1)

1.0
(2)

0.5
(1)

1.210.2
(12)
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Table 8.12. Mutagenicity evaluation salted, dried and irradiated mackerel by bone
marrow metaphase analysis in Wistar rats. Incidence of chromosomal
aberrations in the bone marrow of individual animals fed salted, dried and
irradiated mackerel

Sex

M

M

M

F

F

F

Mean
IS .E

No.
cells

of Chromatid
Gap

scored %

200

200

200

200

200

200

1200

0.0
(-)

0.5
(1)

0.0
(-)

0.5
(1)

0.5
(1)

1.5
(3)

0.510.2
(6)

Break
%

0.0
(-)

0.0

( - ) •

0.5
(1)

0.5

1.0
(2)

0.5
(1)

0.4+0.2
(5)

Chromosome
Gap Break
% %

-

0.5

(0

0.1
(1)

%
Dicentrics

_

—

0.5
(1)

0.1

(1)

% Polyploid
cells

0.5
(1)

0.0

0.0

0.0

1.5
(3)

0.5
(1)

0.410.2
(5)

% Abnormal
cells

0.5
(1)

0.5
(1)

1.0
(2)

1.0
(2)

3.0
(6)

3.0
(6)

1.510.5
(18)
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Table 8.13. Mutagenicity evaluation salted, dried and irradiated mackerel by bone
marrow metaphase analysis in Wistar rats. Incidence of chromosomal
aberrations in the bone marrow of individual animals. Stock ration. Summary
table : Male and Female rats

No. of Chromatid Chromosome s % % Polyploid % Abnormal
Group Sex cells Gap Break Gap Break Dicentrics cells cells

No. recovered % % % %

Stock
ration

Unirrac

M
(3)
F
(3)

I. M
Mackerel (3)

F

600

450

600

600

0.33

0.22

0.33

-

(2)A 0.33 (2) -

(1) 1.33(6) -

(2) 0.83(5) -

0.50 (3) -

0.17(1)

0.34 (2)

0.17(1)

0.17(1) -

0.83 (5)

2.0 (9)

1.33(8)

0.67 (4)
(3)

Irrad. M 600 0.17(1) 0.17(1) 0.17(1) - - 0.17(1) 0.67(4)
Mackerel (3)

F 600 0.83(5) 0.67(4) - - 0.17(1) 0.67(4) 2.33(14)
(3)

Table 8.14. Mutagenicity evaluation of salted, dried and Irradiated mackerel by dominant
lethal test in Swiss mice. Weekly body weight gain in gram

Group W e e k
0 . 1 2 3 4 5 6 7

222 21A 210 235 24^5 2AS 242
±0.3 ±0.3 ±0.3 ±0.3 ±0.3 ±0.3 ±0.5

22.4 23.3 22.8 23.2 24.4 24.8 24.9
±0.3 ±0.3 ±0.4 ±0.3 ±0.3 ±0.3 ±0.4

Irradiated 20.2 22.2 23.0 22.9 22.9 23.7 24.0 24.0
mackerel diet ±0.4 ±0.3 ±0.3 ±0.3 ±0.3 ±0.3 ±0.3 ±0.3

M M S 20.4 22.8 23.5 23.4 24.0 25.0 25.4 25.0
±0.3 ± 0.3 ±0.3 ±0.3 ±0.4 ±0.4 ±0.4 ± 0.4

Stock
ration

Unirradiated
mackerel diet

20.7
±0.4

20.4
±0.4
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Table 8.15. Mutagenicity evaluation of salted, dried and Irradiated mackerel by dominant
lethal test in Swiss mice. Data on pregnancy

Week

1

2

3

4

No.

%
No.

%
No.

%
No.

%

Stock ration

36(42)

86
29 (40)

73
32 (40)

80
28(42)

67

Unirradiated
Mackerel
diet

30 (40)

75
27 (40)

68
29 (40)

75
28 (40)

70

Irradiated
Mackerel
diet

36 (42)

86
29 (42)

69
33 (42)

79
27 (42)

64

Positive
Control
(MMS)

31 (42)

74
32 (42)

76
25 (42)

60
26 (42)

62

The numbers stated show pregnant females and those within parenthesis denote the number of
females paired.
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Table 8.16. Mutagenicity evaluation of salted, dried and Irradiated mackerel by dominant
lethal test in Swiss mice. Uterine findings

Week

LI
1 DI

I

LI
2 DI

1

LI
3 DI

I

LI
4 DI

I

LI -Live
DI -Dead
I - Total

Stock ration

293
31

324

231
21

252

291
19

310

196
13

209

implantations
implantations
implantations

Unirradiated
Mackerel
diet

234
21

255

235
18

253

261
18

279

165
25

190

Irradiated
Mackerel
diet

266
21

287

241
23

264

291
24

315

183
25

208

Positive
Control
(MMS)

140
83

223

119
09

228

200
27

227

174
23

197



Table 8.17. Mutagenicity evaluation : Dominant lethal test - Swiss mice
Summary of mean values ± S.E

Week

1

2

3

4

I
LI

I
LI

I
LI

I
LI

Stock ration

9.0±0.42
8.1±0.43

8.7±0.37
8.0±0.37

9.7+0.19
9.1 ±0.24

7.5+0.39
7.0 ±0.40

Unirradiated
Mackerel
diet

8.5±0.42
7.8±0.46

9.4±0.73
8.7+0.44

9.6±0.25
9.0±0.24

6.8±0.48
5.9 ±0.50

Irradiated
Mackerel
diet

8.0±0.46
7.4+0.47

9.1±0.49
8.3±0.51

9.6±0.38
8.8±0.42

7.7±0.44
6.8±0.42

Positive
Control
(MMS)

7.2±0.49a

4.5±0.50c

7.1±0.39b

3.7±O.33d

9.1 ±0.32
8.0±0.39e

7.6±0.45
6.7±0.43

c
d
e

MMS vs Stock ration pO.Ol
vs Unirradiated mackerel p<0.05

MMS vs Stock ration pO.Ol
vs Unirradiated mackerel p<0.01
vs Irradiated mackerel pO.OOl

MMS vs Other groups p<0.001
MMS vs Other groups pO.OOl
MMS vs Stock ration p<0.02

vs Unirradiated mackerel p<0.05
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Table 8.18 Mutagenicity evaluation : Dominant lethal test - Swiss mice
Post-implantation losses - Summary table ± S.E

Week

1

2

3

4

No.
Per fern
%

No.
Per fern
%

No.
Per fem
%

No.
Per fem
%

Stock ration

31(36)
0.86+0.15

9.6

21(29)
0.72±0.16

8.3

19(32)
0.59±0.13

6.1

13(28)
0.46±0.11c

6.2

Unirradiated
Mackerel
diet

21(30)
0.70+0.14

8.2

18(27)
0.67+0.16

7.1

18(29)
0.62±0.14

6.5

25(28)
0.8910.17

13.2

Irradiated
Mackerel
diet

21(36)
0.58+0.12

7.3

23(29)
0.79+0.16

8.7

24(33)
0.73+0.15

7.6

25(27)
0.93±0.15

12.0

Positive
Control
(MMS)

83(31)
2.68±0.29a

37.2

109(32)
3.41±0.29b

47.8

27(25)
1.08+0.22

11.9

23(26)
0.88+0.18

11.7

a - MMS vs other groups p<0.001
b - MMS vs other groups p<0.001
c - Stock ration vs other groups p<0.05
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Table 8.19. Mutagenicity evaluation: Dominant lethal test - Swiss mice
incidence of females with dead implantations

Week

1

2.

3

A
H

No.

%

No.

%

No.

%

No.

%

Stock ration

21(36)

58

15(29)

52

15(32)

47

12(28)

43

Unirradiated
Mackerel
diet

17(30)

57

13(27)

48

14(29)

48

17(28)

61

Irradiated
Mackerel
diet

17(36)

47

17(29)

59

17(33)

52

19(27)

70

Positive
Control
(MMS)

30(31)

97

31(32)

97

15(25)

60

16(26)

62

Figures within parenthesis denote the toiul number of females
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