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A B S T R A C T

Cristina Adriano Panlaque, Graduate School,

Gregorio Araneta University Foundation, August,

1982. Observations on the Radiosensitivity of

Guppy (Lebistes reticulatus Peters).

Major Professor: Florencio-Isagani S. Medina, I I I , Ph.D,

The ichthyologically well-known teleostean
fish, Lebistes reticulatus Peters commonly
known as guppy, found abundant in pools, streams
and estuaries was studied to establish i ts
sensitivity to radiation and to explore i ts
possible use as a biological indicator
organism of radiation effects in the aquatic
system.

The guppy, Lebistes reticulatus was found
to be radiosensitive. Chromosome aberrations
were induced by gamma-irradiation of fish in
vivo. Through cytogenetic technique the
aberrant chromosomes were evaluated. The
aberrant chromosomes observed were of various
types such as chromatid gaps and breaks,
chromosome gaps and breaks, chromatid and
chromosome fragments, polycentrics (dicentrics
and tricentrics), fusions and translocations.
Of the types seen, i t is concluded that
dicentrics are the most reliable indicator of
radiation effects.

In the course of this study, the Lethal
Radiation Dose in guppy within thirty days was
determined. It was found to lie in the dose
of 3 Krad
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OBSERVATION ON THE RADIOSENSITIVITY OF GUPPY
(Lebistes reticulatus Peters)

CHAPTER I

THE PROBLEM AND ITS BACKGROUND

Introduction

The continuing growth of electricity generation

in energy production, industry, scientific research,

weapons construction and testing based upon nuclear

energy entails a commitment to assess the effects of

such an expansion on the environment. From a

radiological viewpoint such effects have primarily

been considered to impinge man, i.e. those which

might arise from consequent additional human

exposure to radiation either from the contaminated

environment or from the ingestion of contaminated

air, food or water. If we consider the rapid

development of the industrial use of nuclear power

in the near future and the associated need for the

disposal of low-level nuclear wastes, it is

extremely important for the protection of man and

his environment to elucidate radioecological

concentration processes in the environment. Much

of the low-level radioactive wastes released from



nuclear facilities eventually reach aquatic eco-

systems, adding to the background levels of natural

radioactivity. These low-level radioactive wastes

have the potential for being concentrated once

present in the higher trophic levels of the food

chain thus causing genetic damage.

At all nuclear sites, a least possibility of

contamination of the aquatic environment with

radionuclides exists. In the case of nuclear power

stations, the heat ejected from the power generation

cycle needs to be dissipated which is easily achieved

by using large quantities of water in a single-pass

cooling system. Hence, such stations are usually

situated on rivers, lakes and sea coasts. At some

sites these adjacent waterbodies also provide

convenient repositories for the low-level liquid

radioactive wastes which arise during plant

operation and for which decontamination procedure

for low-level liquid wastes has been adopted at

several nuclear sites including research establish-

ments and spent-fuel reprocessing plants (IAEA, 1979) .

The major effort in the field of aquatic radio-

ecology has been directed towards defining and

understanding the physical, the chemical and the

biological processes by which radioactivity

discharged into aquatic environments gives rise to



additional human exposure. Frcr this basic infor-

mation has developed a razior.il approach to the

control of the disposal of radioactive wastes and

hence the application of limits to the incremental

exposure of human populations. Much of this

information is relevant to the evaluation of the

effects of the controlled disposal of radioactive

wastes on aquatic organisms either as individuals,

populations or ecosystems; in addition, the

evaluation requires data concerning the radiation

response of aquatic organisms.

In spite of the fact that many investigations

have been undertaken to determine the effects of

ionizing radiation on the fertility, mortality,

and physiology of aquatic organisms, amazingly less

studies have been conducted to evaluate the effects

of radiation on their genetic make-up (Kligerman,

1979) . Since it has been reported that fish

constitutes one of the most sensitive components

of the marine ecosystem (Polikarpov, 1966; Woodhead,

1971; Hama et al., 1976), they have been the subject

of an increasing number of cytogenetic investigation

in the area of mutagenesis because there exist a

desire to monitor mutagens in aquatic environment

and to establish the sensitivity of the aquatic

organisms to radiation. Soon the first nuclear



power plant (PNPP-I) of the country in Morong,

Bataan will be in full operation for power production.

It is extremely important to establish the radiosensi-

tivity of aquatic organisms at disposal sites. This

study will be valuable in radiation ecology and will

be helpful in building data for extrapolation in terms

of human situations.

This study dealt with the radiosensitivity of the

ichthyologically well-known teleostean fish, Lebistes

reticulatus Peters.

Statement of the Problem

The primary objective of this study is to

establish the radiosensitivity of guppy, Lebistes

reticulatus. It hopes to answer the following

questions:

Major Problem:

1. Is Lebistes reticulatus radiosensitive?

Sub-problems:

1. What is the lethal dose5Q,30 for

Lebistes reticulatus?

2. What is the effect of ionizing radiation

on the somatic chromosomes of Lebistes

reticulatus?

. 3. Can radiation-induced chromosome

aberrations be used as biological



indicator?

4. Can the radiosensitivity c£ Lebistes

reticulatus be evaluated in terms of

chromosome aberrations?

Importance of the Study

The relevance of this study is the assessment

of the radiation hazard in man and his animals from

the information obtained. The increasing industrial

use of nuclear power and the associated need for the

disposal of radioactive wastes from nuclear

facilities may unavoidably lead to certain levels

of exposure to ionizing radiations in man and his

environment. Since fish constitutes one of the

most sensitive components of the aquatic organisms

which comprise the majority of aquatic organisms,

there is a need to establish the sensitivity of

fish to radiation.

The species maybe possibly used as a biological

indicator of radiation effects on the aquatic systems.

Scope and Delimitation

This study dealt with the radiosensitivity of

Lebistes reticulatus in vivo based on chromosome

aberration. Chromosome aberrations were evaluated,

characterized and identified by cytological

analysis on mitotic metaphase only. The lethal



dose of radiation in the 50% of the experimental

population were determined in 30 days

Time and Venue of the Study

This study was conducted from December 1981 to

June 1982 at the Cytogenetics Laboratory of the

Biomedical Research Division, Atomic Research

Center, Philippine Atomic Energy Commission, Don

Mariano Marcos Avenue, Diliman, Quezon City.

Definition of Terms

To afford the reader a better understanding of

the nature of the study, the terms used are defined:

Acentric. Applied to a chromosome or chromo-

somal segment lacking a centromere.

Acrocentric. Describes a chromosome with the

centromere near one end so that one arm is very short.

Biological indicator. Biological system that

undergoes measurable and reproducible changes on

being irradiated.

Centromere (Waldeyer, 1903) . Region of the

chromosome associated with fibers from the spindle

apparatus during nuclear division.

Chromatid (McClung, 1900). One of the two

visible strands in the chromosome associated with

one centromere.



Chromosome (Waldeyer, 1888). Linear organelle

within the resting stage nucleus of eukaryotes;

usually detected by light microscopy during nuclear

division.

Dicentric. Applied to a chromatid or chromosome

with two centromeres.

Diploid. Usually s somatic cell or individual

with pairs of homologous chromosomes.

Haploid (Strasburger, 1905). Cell, tissue or

individual with the gametic rather than the somatic

or sporophytic chromosome number.

Irradiation. The process of exposing a system

to radiation.

Karyotype. A pictorial or diagrammatic

presentation of the metaphase chromosomes of the

complement of an individual or species.

LDcn/on' The dosage of whole body irradiation

required to kill 50% of the animal's population

within 30 days.

Metaphase (Strasburger, 1884). The stage

during mitosis or meiosis when the centromeres

of the chromosomes form an equatorial plane

between the poles of the spindle apparatus.

Mitosis (Flemming, 1882). The division of

a nucleus so that the daughter nuclei have the

same chromosome number as the parental nucleus.



Modal chromosome number. The number of

chromosomes found in the majority of rr.etaphases

counted during the chromosome analysis.

Radiosensitivity. Response of a biological

system to exposure to radiation.



CHAPTER II

REVIEW OF RELATED LITERATURE AND STUDIES

The Importance of Fish

Although there are many species of experi-

mental animals being used for testing the incidence

of radiation-induced genetic damage, it is

necessary for comparative purposes to have the

vertebrates represented by more species than just

the mice, Mus musculus. It has been demonstrated

repeatedly by zoologists that fish possesses

behavior patterns, physiologies, and diseases

counterparts of which are found among warm-blooded

animals which include man (Gordon, 1967).

As Laboratory Animals

In many biological and medical research

institutions, several species of fish are now

standard laboratory animals. The experimenter

at present can choose from a number of species

belonging to six different families if he desire

to use fish that will breed regularly in captivity.

The small fresh-water fish are well-suited to the

laboratory. They require relatively little space,

housing and equipment for their maintenance which



10

are not particularly costly. Those who have

mastered the techniques of aquaculture are convinced

that of all vertebrate animals, the fish are the

easiest and cheapest to bred and to maintain.

Compared with mammals or birds, they are the

cleanest and least odoriferous of the laboratory

animals. Because these fish are largely diurnal

and non-secretive, their behavior can easily be

observed in their aquarium microcosm. Here their

whole life cycle from birth to death can be studied,

subject to the experimental conditions the observer

wishes to introduce. The use of fish in a variety

of experiments in animal behavior has revealed the

fundamental importance of these aquatic vertebrates

as an aid in interpreting the behavior of other

vertebrate animals, including man.

The small aquarium fish are destined to be as

useful to the fish culturist as the laboratory and

guinea pig have been to the animal husbandryman.

Although no marine fish has ever been regularly

bred in captivity, a few are considered standard

laboratory animals because of their suitability

to experimentation and the extensive work done with

them (Gordon, 1967).
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As Biological Indicators of Radiation Effects

The majority of research concerning radiation

effects on the chromosome of aquatic organism has

dealt mainly with fish, which is most likely due

to the facts that fish are: (1) the major aquatic

vertebrate group; (2) are highly important

commercially; and (3) to some extent, are cytogene-

tically well characterized (Kligerman, 1979). In

addition, much emphasis has been placed on the use

of fish in aquatic irradiation studies, primarily

because of their enhanced sensitivity to ionizing

radiation (Pentreath and Fowler, 1979). However,

before the initiation of chromosome damage studies

with fish, one of the most important considerations

is the choice of appropriate species.

Fish selected for cytogenetic investigation

should yield adequate numbers of well-spread

metaphases from a variety of tissues and have

stable karyotype consisting of relatively small

numbers of large chromosomes, possesses gonads

which yield cells for meiotic chromosome analysis.

The species must be readily adaptable to laboratory

studies (hardy and easy to feed), and should be of

a size compatible with the ability of the laboratory

to handle adequate numbers, for study. In addition,

the fish should be readily available, inexpensive
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to procure and maintain, and if at all possible,

easily bred and reared in the laboratory. A fish

that possesses all of the above attributes would be an

excellent cytogenetic model organism for jLri vivo

studies (Kligerman, 1979).

Significance of Radiosensitivity Studies with Fish

Being the most important and vulnerable element

of aquatic ecosystem, fish have been the subject of

an increasing number of cytogenetic investigations

on the effects of irradiation (Kligerman, 1979;

Tsyt&ugina, 1979).

It has been well established that ionizing

radiation induce the breakage and rearrangement

of chromosome in the animal cell. The propor-

tional relationship between the dose of radiation

and the frequency of induced aberrations had been

demonstrated in various cell, including fish cells

(Kligerman, 1979) . The effects of ionizing

radiation can take place in somatic and germ cells.

In the former, the irradiated organisms are the

ones affected while the latter can appear in the

progeny. Both effects are important, though

possibly in differing degrees, when evaluating the

radiation-genetic consequences of irradiation of

both individuals and whole populations (Tsytsugina,

1979). Because: the genetic material is one of the
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primary sites of radiation damage (Kligerman, 1979),

studies in this area are of prime importance in

evaluating the possible effects of low-levels of

ionizing radiation and will also be helpful in

formulating criteria for the safe disposal of

aqueous radioactive wastes in the aquatic environment.

To understand the mechanism of action of

ionizing radiation and to evaluate the subsequent

effect, if any, on the aquatic biosphere, a

knowledge of the changes brought about in the vital

systems of aquatic organisms is essential. In

assessing these changes, one has to consider the

damage to the unit structure of the living system,

the cell. As an individual, it is the primary

target of all radiation hits, which in turn sets

the pattern and influences the courses of tissue

and organ responses (Patel and Patel, 1979).

Cytogenetic methods are likely to find increasing

application in aquatic radiobiology because the

whole genome is accessible to direct study and

because chromosome aberrations and mitotic

disturbances are amongst the most sensitive indi-

cations of radiation damage in an organism (IAEA,

1976) .

Aside from the economic importance of fish,

they constitute one of the most sensitive components
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of the marine ecosystems (Polikarpov, 1966, Woodhead,

1979). Hama et al. (1976) pointed out that radio-

sensitivity studies of some common fish under

experimental and field conditions should be extended,

since these animals are useful as biological monitors

to detect radioactivity in an aquatic environment.

In a recent study made by Etoh and Hyodo-

Taguchi (1979) , they concluded that the morphological

structure and physiological functions in fish are

similar to but simpler than those in mammals. They

pointed out that fish are suitable for the analysis

of radiation effects.

A number of reports have been published on the

effects of whole-body irradiation with X and gamma-

rays in fish (IAEA, 1979). The lethal effects of

radiation on individuals is represented by the

LD--,_n the dosage of whole-body irradiation

required to kill 50% of the animals within 30 days.

The 30 day interval was chosen for mammals because

animals which survived for this length of time has

a subsequent pattern of mortality similar to that

of controls i.e., most of the acute radiation damage

manifest within 30 days. Some recent studies found

that the LDcn/3o v a l u e s f o r aquatic organisms are

substantially higher than those for mammals

(Templeton and Brown, 1964).



Aquatic organisms are found to withstand acute and/or

chronic exposure to ionizing radiation at extremely

high doses, i.e., in the kilcrad range. The decree

of tolerance to such high doses has been found to

vary significantly with the species. The lower

groups and/or phyla exhibit a greater radiotolerance

than the higher groups (Patel and Patel, 1979).

Low level radiation has been found to increase the

metabolic activities, including growth and repro-

duction in aquatic species, from protozoa to fish.

On exposure to radiation at the upper limits of

tolerance the metabolic activities are affected

significantly, ultimately leading to death (IAEA,

1976) with LD 5 0 / 3 Q varying from 10 to 10 rad

(Donaldson et et., 1957).

Most of the studies concerning the clastogenic

effects of radiation on fish involve acute doses

of relatively high levels of radiation. Researchers

found that irradiation of the early embryonic stages

of the loach (Misgurnus fossilis) and the salmon

(Salmo salar) caused dose dependent increases in

the number of cells with chromosome aberrations,

pyknotic nuclei and multipolar mitosis. This

damage persisted for many cells generation and

showed a positive correlation with morphological

abnormalities and early embryo death (Pankova, 1965;
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Megalovskaya, 1966).

A few attempts have been made to study the

radicser.sitivity of fish living in contaminated

waters. An early study was conducted by Krumholz

(1966) who examined fish populations for over a

three-year period. Some slight changes in fecundity

were observed in population. However, these did

not result in any visible population changes because

of the compensating mechanisms operating within the

population.

Experimental studies of radiation effects in

laboratory-maintained populations of fish have also

been carried out CIAEA, 1976). Most of these

involve a single species under controlled conditions

and exposed to known concentration of dissolved

radionuclides for relatively short period of time.

Investigation into the fertility and fecundity of

irradiated fish and histological observations on

the germ cells in the testes and ovaries of the

irradiated fish (Oryzias latipes) by Solberg (1938)

indicated that the testes are more sensitive to

X-rays than are the ovaries. Studies on the

effects of radiation on reproduction of fresh-water

oviparous fish, Oryzias latipes and viviparous fish,

Lebistes reticulatus have also been made. Results
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have shown that spermatozoa are radioresistant, but

early spermatogenetic cells are easily destroyed by-

radiation (Egami , 1979}. Other workers have

observed increased abnormalities and mortality in

laboratory populations of developing fish eggs with

extremely low concentrations of radionuclides in

water (Polikarpov, 1966; Fedorov et al., 1964). In

a series of experiments performed by Hama et al.

(1976) on the effects of irradiation on the

chromosomes of Oryzias latipes neither dicentrics

nor rings were found. Only acentric fragments were

observed.

There are also studies made on the detection of

radiation-induced sex-linked lethal and visible

mutations in fish. One of which causes a dark

pigmentation of the caudal fin and the tailward

part of the caudal peduncle, as well as a more or

less extended dark spot in the dorsal fin when present

alone in the genotype. The other is the formation

of the so called "double swordtail" caudal fin of the

male (Schroder, 1969a).

The Lebistes reticulatus Peters

The ichthyologically well-known teleostean fish,

Lebistes reticulatus Peters commonly known as guppy,
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millions, belly-fish and rainbow-fish belongs to the

family of Poeciliidae- These ecologically versatile

and small live-bearing tooth-carps are commonly found

in pools, streams or estuaries and canals (Jordan, 1962)

Guppies are differentiated by their characteristic

colors exhibited by male guppies (Goodrich et al., 1944)

They are easily kept and maintained in small aquaria.

Their short regeneration time is about 60-100 days

depending on the surrounding temperature. The

availability of various pure breeding strains render

these fish suitable for genetic studies.

The normal diploid (2n) chromosome number of

Lebistes reticulatus is 46. The species has a

fundamental number (total number of the major arms)

(FN) of 46 (Denton, 1973; Gregorio, 1982). The

autosomal complement is composed of 23 pairs of

acrocentric chromosomes whose short arms are not

visible.

The somatic radioresistance of guppy is rela-

tively high, when compared with that of mammals.

The LD50/3fl (at 30 days) for the guppy lies between

2700 and 3700 rad depending on the degree of

inbreeding of the strains used. This characteristic

property of teleostean permits the investigation of

radiogenetic responses after whole-body irradiation
n

with high doses of X-rays and gamma-rays (Schroder,
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1969a).

Guppies have been proven satisfactory as

laboratory test animals. They are readily available,

rapid breeders and they are hardy fish. Selective

breeding has been used extensively in the development

of fancy guppies for aquarists, and inbred lines

are also being developed for experimental purposes.

Guppies have been used in mutational research for

some years and there are several detailed studies
ii

of their mutational response to radiation (Schroder,

1969a; 1969b; Schroder and Holzberg, 1972). Guppies

are also useful as one of the vertebrates predators

in the biological control agents for mosquitoe

control in the Philippines (Gabriel, 1981).
II

Schroder (1969a) studied the possibility of

comparing the rates of radiation-induced mutation

in Lebistes reticulatus and in Mus musculus. The

guppy seem to be 4-5 times less sensitive to

spermatogonial induction of recessive visible

mutations than the mice. The all-over mutagenic

radiosensitivity of Lebistes reticulatus seems to

be lower than that of Mus musculus and possibly

somewhat higher than that of Drosophila melanogaster.

Studies were conducted on the dominant-lethal

effects of mutagens on Lebistes reticulatus,. as a

model test systems in which water-borne mutagens
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may be assayed for dominant-lethal effects (Mathews

et al., 1978). Experiments were also conducted, on

vertebral abnormalities of guppy in which some of

them studied in laboratory cultures, proved to be

hereditary and can not be accounted for by external

conditions. Irradiation of germ cells of new-born

male guppy were associated with no deleterious

effects, but some beneficial effects were observed

in the post-irradiated F., and F- progenies as

expressed by an insignificant increase in litter

size, decrease of post-natal mortality and a
ii

slight increase in ratio of males (Schroder, 1969c).

Another experiment was made on the differential

response to irradiation in offspring of fresh-water

and sea-water substrains of Lebistes reticulatus.

An inbred strain "Istanbul" of guppy was used.

Comparison between the breeding percentage of two

substrains were made (Spieser and Schroder, 197 8).
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CHAPTER III

MATERIALS AND METHODS

I. Materials

Live, sexually matured male and female fresh-

water guppy, Lebistes reticulatus

Photomicroscope III (Carl Zeiss)

Gamma-Cell 22 0 Irradiator (Atomic Energy Canada,

Ltd.) as a source of gamma-radiation

Aquaria with aerator (NSB-1) and glass cover

as fish container j

I
Glasswares, biochemicals and chemical reagents

Photographic papers, films and chemicals

II. Methods

This study was divided into two phases namely:

Phase I. LD5o/3O D e t e r i n i n a t i o n o f Lebistes

reticulatus Peters

Phase II. Cytological Analysis of Irradiated

Lebistes reticulatus Peters
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Phase I. LD5Q .,0 Determination of

Lebistes reticulatus Peters

A. Maintenance of Fish

Fish were kept in aquaria with aerator (NSB-1)

and glass cover containing an inch of white sand

and 15 gallons of fresh deep-well water at a

temperature between 21° C and 24° C (Fig. 1}.

Fish were routinely checked by observing each

aquarium in the morning and in the afternoon.

Morphological changes that may occur during

experimental period were recorded and taken into

account. Fish were fed two times a day, in the

morning and in the afternoon, with fish meal

(TetraMin).

During the entire study, adequate controls

were maintained. Control and experimental fish

were housed and fed under identical circumstances

and when experimental fish are irradiated, control

fish are sham treated.

B. Irradiation of Fish

The whole-body exposure of live, sexually

matured fresh-water guppy to varying doses of

ionizing radiation were carried out with Gamma-Cell

220 Irradiator (Atomic Energy Canada, Ltd.} at an



Pig. 1. Set-Up of Aquarium
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exposure rate of 50 r per second. During irradiation

exposures, fish were kept in a glass beaker (Pyrex)

containing fresh-water at a depth of 1 cm and at a

temperature between 21° C and 24° C. Ascending

doses of gamma-radiation ranging from 0.5 krad to

40 krad were applied to fish in groups of 100 per

dose. After irradiation, the water used during

irradiation was discarded and fish were returned to

their respective aquarium labelled with their

corresponding dose.

C. Collection of Data

Data on survival time were recorded. Observation

on survival time were done for thirty days to

determine the dosage of whole-body irradiation that

is lethal to 50% of the animal's population fL

Based on the observed LD of guppy, gamma-

radiation doses that were used in the second phase

of this study were determined.

Phase II. Cytological Analysis of Irradiated
Lebistes reticulatus Peters

An improved cytogenetic technique modified by

Kligerman and Bloom {1977} was used to obtain high

quality metaphases from solid tissues of the fish

in vivo. The method is a modification of the

solid tissue techniques of Meredith (1969); Evans



25

et al. (1972) and Stock et al., (1972) which does

not r.a.ke use of methodologies that rely on tissue

grinders, centrifuges, digestive enzymes or tissue

culture (Fig. 2).

A. Maintenance of Fish

Fish were kept and maintained at conditions

similar to Phase I of this study. In the course

of the experiment, adequate controls were also

maintained. With the exception of irradiation,

the sham-treated controls were handled in the

same manner as the irradiated fish.

B. Irradiation of Fish

The whole-body irradiation of fish was again

carried out with Gamma-Cell 220 Irradiator (Atomic

Energy Canada, Ltd.). Fish were exposed to

radiation doses within the range of the determined

LD50 of guppy (0.5 krad, 1 krad, 2 krad, 3 krad,

4 krad and 5 krad) in groups of 50 comprising of

25 males and 25 females. After irradiation, fish

were returned in the aquarium labelled with their

corresponding dose.

C. Metaphase Accumulation

At 48 hours after exposure, fish were allowed

to swim in 0.01% solution of colchicine for

approximately 4-6 hours. Colchicine is noted to
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flYPOTONIC PRE-TREATMENT

4
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CODING OF SLIDES

J
STAINING

CHROMOSOME ABERRATION ANALYSIS

KARYOTYPING

DECODING AND ANALYSIS OF DATA2. Schematic representation of in vivo Methodology
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be an effective mitotic inhibitor (Denton, 1973)

that blocks the spindle formation cf a cell, so that

chromosomes are suspended, instead of normally

migrating toward the anaphase poles, thus causing

the accumulation of metaphase figures.

D. Collection of Tissues

Fish were sacrificed by decapitation.

Mitotically active tissues of fish such as gills

and fins were chosen to obtain adequate numbers

of metaphases (Kligerman and Bloom, 1977). Gill

arches were dissected out and the margins of the

dorsal and caudal fins were snipped off.

E. Hypotonic Pre-treatment

Immediately after the tissues were removed from

the fish, they were immersed in hypotonic solution

of 0.4% KC1 for 45-60 minutes to ensure adequate

swelling of cells and spreading of chromosomes in

metaphase figures before they are fixed.

F. Tissue Fixation

The swollen cells were chemically fixed before

they are further prepared for staining in freshly

prepared 3:1 solution of methanol and glacial

acetic acid. This is the process that kills all
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other tissues and selectively preserves the chromo-

somes without causing any appreciable distortion of

the nuclear matter (Sharma and Sharma, 1972) . The

fixed tissues can be stored in fixative for months

at 4° C without noticeably diminishing the quality

of chromosome preparations.

G. Preparation, Staining and Coding of Slides

Dried and cleaned glass slides (76 x 26 mm),

previously soaked in a 1:1 solution of ethanol and

di-ethyl ether were used.

After the tissues were adequately fixed, few

pieces of tissues were removed from fixative and

touched briefly over an absorbent paper to remove

the excess fixative. The tissues were immediately

placed in a well of a depression slide and 2-3

drops of digester (50% acetic acid in distilled

water) were added. The tissues were minced gently

with forceps for about a minute to form a cell

suspension and the unsuspended pieces of tissues

were returned to fixative.

Using a microcapillet tube equipped with a

rubber bulb, a microcapillet-tube-filled with

suspension were withdrawn and expelled onto a pre-

cleaned glass slide, heated between 40°-50° C on

a slide wanner. Approximately 5 seconds later, the



heated glass slide leaving a ring of dried cellular

material approximately one cm in diameter. The

withdrawal and expelling of suspension to and from

the heated glass slide were repeated to produce 4

or 5 rings per slide. The prepared slides were then

ready for cytogenetic analysis by staining tempora-

rily with Toluidine blue (Merck) and mounting with

24 x 50 mm coverslips. All the slide preparation

from the control and experimental batches were

coded accordingly.

H. Cytogenetic Analysis

The cytogenetic examinations of the stained

preparations were carried out using a Carl Zeiss

Photomicroscope III. Under low power magnification

suitable metaphase figures were selected on the

basis of the intactness of the cell and the quality

of spreading. The cells were then visually

analyzed at higher magnification. Cells with good

metaphase spreads were photographed. Four hundred

cells per dose were analyzed and scored to obtain

meaningful data. All the chromosome and chromatid

aberrations observed were taken into account.

I. Karyotyping

Photograph of cells with good metaphase spreads

were printed and enlarged. The enlarged photographs
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cf chromosome spreads were cut-out and arranged in

pairs, considering both the size and length of the

chromosome arms and the position of the centromeres.

J. Treatment of Data

The data obtained on dicentric aberration

were evaluated for the regression parameters. The

power law model was used to describe and compare

dose effect curve of chromosomal aberrations. The

power law Y = aD is widely used for this purpose.
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CHAPTER IV

PRESENTATION, ANALYSIS AND
INTERPRETATION OF DATA

Phase I. The LD-.^o o f Lebistes reticulatus Peters

Ten groups of one hundred guppy, Lebistes

reticulatus, were exposed to whole-body gamma-

radiation doses of 0.5 krad to 40 krad. The

results of the lethal dose determination of

Lebistes reticulatus within a period of thirty

days are shown in Table 1. Figure 3 and 4

demonstrate the mortality and dose-survival time

relationship in guppy.

In the preliminary investigation, it was found

that exposure of the guppy to high doses of gamma-

radiation, such as 10 krad, 20 krad, 30 krad and

40 krad, ultimately led to the death of the whole

fish population. Thus, in the group of guppy exposed

to 40 krad, one hundred per cent of the fish popu-

lation died within 2 to 9 days, and within 3 to 12

days after irradiation with 30 krad. Similarly,

fish treated with 20 krad and 10 krad survived less

than 30 days after exposure; all fish exposed to 20

krad died 15 days and 25 days after 10 krad.



Table I. Radiosensitivity of the Guppy

^ 1

DOSE
(krad)

0

0.5

1.0

2.0

3.0 *

4.0

5.0

10.0

20.0

30.0

40.0

* LD50/30

Number of
Fish Exposed

100

100

100

100

100

100

100

100

100

100

100

- lethal dose

Period of
Observation

30 days

30 days

30 days

30 days

30 days

30 days

30 days

25 days

15 days

12 days

9 days

to 50% in 30

Mortality

3

17

25

37

50

88

98

100

100

100

100

days

Survival

97

83

75

63

50

12

2

0

0

0

0
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In view of these, the gamma-radiation doses were

lowered. At 5 krad, only 2 per cent of the group

survived on the 30th day after exposure while 12

per cent of the group exposed to 4 krad survived

on the 30th day. Fifty per cent of the group of

guppy treated with 3 krad survived after 30 days

of observation. Sixty three per cent of fish

population exposed to 2 krad, 75 per cent of fish

population exposed to 1 krad and 83 per cent of fish

population exposed to 0.5 krad survived at the end

of the observation period. All the fish survived

from 0.5 krad, 1 krad and 2 krad were still alive

three months after irradiation.

In the control group, 97 per cent of the fish

population survived during the entire period of

observation.

The above data obtained on the survival time

of guppy confirms that the dosage of whole-body

irradiation that is lethal to 50 per cent of the

animal's population within 30 days (LDCQ/OQ) lie

at 3 krad.

Phenotypic Changes

A well-marked hematoma-like red spots seen under

the skin of the fish somewhere in the dorsal portion
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of the fish, body were observed (Fig. 51. These were

exhibited by some of the fish after whole-body

exposure at different doses of gamroa-radiation

ranging from 4 krad to 40 krad. The red spots were

seen on some of the fish exposed to 40 krad as early

as 3 days, 5 days- in 30 krad, 5 days in 20 krad, 8

days in 10 krad, 7 days in 5 krad, 12 days in 4 krad

and 25 days in 3 krad.

At lower irradiation doses of 2 krad, 1 krad

and 0.5 krad, there were no apparent red spots

observed.

Phase II. Cytological Analysis of Gamma-radiation
Exposed Guppy, Lebistes reticulatus Peters

Chromosomes of control and experimental Lebistes

reticulatus were arrested at metaphase four to six hours

before sacrifice. By sampling the fish tissue at

appropriate time, it was observed that it was possible

to obtain a large quantity of mitotic figures (Figs.

7b and 9b).

At least two hundred metaphase cells each from

male and female guppy exposed to different gamma-

radiation doses were scored. Karyotype analyses of

control fish were made (Figs. 7a and 9a) to insure

that the chromosome abnormalities were induced by

irradiation and not inherent to the fish.



Fig. 5. Gamma-Irradiated Fish With Red Soots



Fig. 6. Male Guppies
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Results of chromosome analyses of control fish

revealed that all the cell scored were all normal

in configuration and that the normal diploid (2n)

chromosome number of Lebistes reticulatus is 46

and also has a fundamental number (FN)of 46. These

are in accord with the findings of several authors

(Gregorio, 1982; Denton, 1973). The autosomal

complement is composed of 23 pairs of acrocentric

chromosomes whose short arms are not visible.

Evaluation of Chromosome Aberration

An evaluation of chromosome aberrations from

irradiated individuals showed that numerous and

varying types of abnormalities were induced by in

vivo irradiation of fish. Table V represents the

data on the frequency and types of readily

observable chromosome aberrations induced by

different doses of gamma-rays in fish. The analyses

of somatic metaphase cells showed that there were

nine structural types of chromosome aberrations

(Fig. 10 to Fig. 17) that can be distinguished

cytologically, namely: (1) chromatid gaps (Fig. 10);

(2) chromatid break (Fig. lla); (3) chromosome gaps

(Fig. 12).; (4) chromosome break (Fig. 13);

(5) chromatid fragments (Fig. lib); (6) chromosome

fragments (Fig. 14); (7) polycentries (dicentric,

tricentric) (Fig. 15); (8) Robertsonian fusions
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Pig. lla. Chromatid Break

Fig. lib. Chromatid Fragment



12. Isochromatid Gap

Pig. 13. Chromosome Break



Pig. 14. Chromosome Fragment

Fig. 15. Dicentrics
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(Fig, 16} and (.91 translocations (Fig. 17} . These

types were in good agreement with the previous

observations on other organism (Panlaque et al.,

1981; Medina et al., 1981; Hama et al., 1976;

Leonard et al., 1976; Arai, 1973; Ojima and

Hitotsumachi, 1969}. For many it has been recognised

that structural aberrations can be induced in

chromosomes by radiation (Leonard et al., 1976), and

these changes have been described and classified in

great detail (Casarett, 1968). Structural changes

in chromosomes can be produced by irradiation of

cells in mitosis I They are easily seen microscopi-

cally using light microscope when cells are in the

metaphase stage. At metaphase, chromosomes are short,

compact and easily visible as discrete structures

(DeRobertis et al., 1975).

Rate of Aberrations

Figure 10 to 17 shows the chromosomes from

representative samples of the irradiated fish. The

figures show a selection of the types of aberrations

encountered in the cytogenetic analysis.

It can be observed that the types of aberrant

chromosomes encountered in all doses (0.5 krad,

1 krad, 2 krad, 3 krad, 4 krad and 5 krad) were

nearly similar. They are particularly good para-

meters of radiation damage. These aberrations were
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all termed unstable because they hinder the normal

separation of the genetic material during cell

division (Medina, 1981).

An increased frequency of chromosome aberrations

has been observed in fish after an in_ vivo gamma-

irradiation at exposures ranging from 0.5 krad to

5 krad. Cells from irradiated fish showed beside

chromatid gaps, 1.14%, chromatid breaks, 0.75%,

chromosome gaps, 1.36%, chromosome breaks, 23.00%,

chromatid fragments, 1.32%, chromosome fragments,

93.79%, polycentrics (dicentric and tricentric),

42.36%, Robertsonian fusions, 16.36% and translo-

cations, 8.54% for the combined irradiation doses

from 0.5krad to 5 krad. The summary of cytogenetic

analysis of the fish chromosomes in all dose levels

are set out in Table VI.

It seems that all chromosome aberrations can

not be used as biological indicator of radiation

effects due to the variability of their frequencies

except for dicentrics which are linearly increasing

with the dose (Brown et al., 1981; Bauchinger et al.,

1980; Evans, 1977; Savage et al., 1980; Medina, 1982).

Gaps and breaks were found to be unreliable indicators

of real damage to the genetic material since scoring

them can only be extremely subjective, resulting in

considerable observer differences, but also many
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gaps are caused by technical artifacts during the

slide preparation (Medina et al., 1981).

In all groups of irradiated fish, dicentrics

were the most frequent of all the aberrant type of

chromosomes observed, occurring 3.25 +_ 0.22 times

in 0.5 krad; 14.25 + 0.74 in 1 krad; 36.50 + 0.90

in 2 krad; 57.75 + 1.47 in 3 krad; 80.00 + 1.37

in 4 krad and 102.25 + 1.48 in 5 krad.

The unstable dicentric aberrations, in particular,

appear to be the most reliable indicator of radiation

damage. The presence of two centromeres in the

aberration usually gives it a very distinct

appearance that is easily recognizable under the

microscope (Brown and McNeill, 1971}. The dicentric

configuration arises from a break in each of two

acrocentric chromosomes which join asymmetrically

(Fig. 15). Identification of dicentrics is

supported by the presence of an acentric fragment

of chromosome fragment which is the by-product of

the exchange resulting in dicentrics. Occasionally

following a high dose, more than two chromosomes

may be involved and a polycentric aberration is

produced.

Fusions were also observed high in frequency

next to dicentrics being 2.00 + 0.61 in 0.5 krad;

5.25 + 0.89 in 1 krad; 11.75 + 1.08 in 2 krad;

18.00 + 0.70 in 3 krad; 34.00 + 1.12 in 4 krad and
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43.50 + 0.56 in 5 krad. Fusions are formed when two

acrocentrics joined together to form a metacentric

CFig. 16).

Common aberrant chromosomes such as gaps and

breaks were surprisingly absent in all the controls

of the six radiation levels of fish. Other authors

observed the presence of these aberrant chromosomes

in apparently normal individuals but these were

attributed to the effects of environment, food or

feed additives or to viral infections (Medina et al.,

1981),

The above cytological analyses confirmed that

exposure to radiation causes an increase of

chromosome aberrations. It was shown that these

gamma-radiation-induced chromosomal abnormalities

can be easily assayed at mitotic metaphase.

Dose-Response Relationship of Dicentric Yields in

the Guppy

The data on the frequency of dicentric induced

by different doses of gamma-rays in the guppy is

represented in Table II. The observations obtained

were fitted to a simple power equation. The

relationship between dose and dicentric yield was

expressed using the equation: Y = oDn where Y

is the dicentric yield per 100 cells, D is the
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dose in krad and a and n are constants (Dolphin and

Purrott, 1977J. The constants for the equation are

calculated using least square method. The a also

represents yield at control and n the rate of

response (Table III).

Table II. Frequency of Dicentrics Induced
by Gamma-rays in the Chromosomes
of the Guppy

DOSE
(krad)

0

0.5

1.0

2.0

3.0

4.0

5.0

Cells Scored

400

400

400

400

400

400

400

Dicentrics

0

13

57

146

231

320

409

Yield of Dicentrics
per 100 cells *

3.25

14.25

36.50

57.75

80.00

102.25

0

+

+ -

+

+

+

t

0.09

0.19

0.30

0.38

0.45

0.51

* Mean + Poisson Standard Error
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Table III. Values of the Constants
a and n in the Power
Law Equation: Y = otD

n

Constant 1.05 1.46

To test the significance of the regression

coefficient, t-test was used on the null hypothesis

n = 0. Results showed that the data were

significantly higher than zero hence regression

exists (Table IV).

Table IV. Test of Significance3

n = 0 n = 2

17.59** - 6.51

aCritical t-value (a = 0.5, d.f. 4) = 2.776

Highly significant

The goodness of fit tests for the power equation

of the species show that the power law provides a

good model for the species under study.
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The calibration curve (Pig. 181 was constructed

to relate the measured incidence of dicentric

aberrations to exposure, which will be useful in

biological dosimetry, for the calculation of the

dose corresponding to the observed dicentric yield

in case of accidental release of radioactivity from

power plants.
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CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
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Summary

1. This study aimed to establish the radio-

sensitivity of the ichthyologically well-known

teleostean fish, Lebistes reticulatus Peters

commonly known as guppy.

2. Whole-body exposure to varying doses of

gamma-radiation were made on live, fresh-water

guppy.

3. The fish were sacrificed by decapitation

and the mitotically active tissues of fish such

as gills and fins were chosen to obtain adequate

numbers of metaphases for study. An improved

cytogenetic technique was employed to analyze the

chromosome aberrations induced in vivo by

gamma-radiation.

4. An evaluation of radiation-induced

chromosomes aberrations showed that numerous and

varying types of structural abnormalities such as

chromatid gaps and breaks, chromosome gaps and

breaks, chromatid fragments, chromosome fragments,

polycentries (dicentric and tricentric), fusions
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and translocations were induced by ill vivo irradiation

of the fish.

Conclusions

There appear to be no studies done on this aspect

of biological effects of radiation on the aquatic

ecosystem specifically on the guppy as an indicator

organism, hence, it is safe to say that this is a

pioneering work in the field of radiation biology.

The study showed that not at all types of

chromosome aberrations observed can be used as

biological indicator of radiation effect due to the

variability of their frequencies except dicentrics

which are linearly increasing with the dose. Based

on the findings of the present study it may be

concluded that:

1. The lethal dose for the guppy is

LD50/30 = 3 k r a d

2. The effects of ionizing radiation maybe

categorized as:

a) chromatid gaps and breaks

b) chromosome gaps and breaks

c) chromatid fragments

d) chromosome fragments

el polycentrics (dicentric and tricentricl
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f) fusions
g) translocations

3. The dicentric appears to be the most consistent

indicator of radiation effect and it is more easily

recognizable under the microscope due to the presence

of two centromeres that gives it a very distinctive

appearance.

4. The Philippine guppy, Lebistes reticulatus

Peters, can be used as a reliable biological

indicator organism of radiation effects.

Recommendations

Since the study dealt only with the biological

effects of radiation on the guppy which may occur

only in case of an accidental release of radio-

activity from a nuclear plant, a situation which is

hypothetical, it is recommended that other areas of

environmental pollution be studied and/or compared

with the effects of radiation on the guppy specifically:

1. The linearity between the effects of radiation

and other chemical pollutants,

2. The effects of other pollutants on the

chromosomes of the guppy, and

3. The evaluation of the effects of chemical

pollutants cytologically.
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TABLE VI. SUMMARY OF THE CYTOGENETICS ANALYSIS ON THE CHROMOSOMES OF THE GUPPY
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