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INTRODUCTION

Microbes as genatoxic agents have not yet received
due attention though Manna (1969, 1971, 1973, 1980a, 1982)
has been advocating the same over and again. In the field of
mutagenesis they constitute "Living mutagena". introduced by
Manna (1971, 1980a, 1982) because Viruses (Hamper and
Ellison, 1961), Ricketsia (Halkka and Heinomen, 1968),
Mycoplasm (Paton et al., 1965), bacteria (Manna and
Bhowmic, 1969) and the fungus, Aspergillus fumigatus (Manna
and Patel, 1981) were shown the chromosome breaking agents
in treated or injected cells of animals. Customarily the
mutagens were put under two categories as physical agents
and chemical agents while the "gene%ic mutagen” discovered
by Mc Clintock (1951) did not receive proper attention. At
present mutagens could be put under four categories viz,
(1) Physical agents, (2) Chemical agents, (3) Genetic
mutagen, and (4) Living agents.

Mutations play the key role in speciation and
evolution. The artificial induction of mutation with the
help of ionizing radiations has very intensively been studied



after the pioneering discovery made by Muller (1927) in
Drosophila, chromosomal mutation in maize by Stadler (1928)
and genetic transformation in Nicrotiana by Goodspeed and
Olson (1928), The chemical agents inducing mutation in both
plant (Oehlkers, 1943) and animal (Auerbach and Robson,
1944) were discovered later, In the recent past we have
reasonably been conscious about the environmental mutagens
as the environmental pollutions are increasing in alarming
rate as a result of use and abuse of atomic energy, large
scale industrialization, agricultural practices, public
health measures, personal beautification, drug habit and

so on, Mutagens present in our environment, according to
the source, could be of natural origin like cosmic rays,
Ozone, mineral like asbestos, natural gases etc, but the
man made ones would out-number them which might be thousand
fold or more (Sharma, 1981), Environmental chemical mutagens
are ever increasing and each year few thousands are added.
Attempts have been made to put the chemical mutagens under
some major groupings by different workers (Biesele, 1958;
Sharma and Sharma, 19607 Kihlman, 1966: Vogel and Rohrborn, 1970:
Sharma, 1981; Sharma, 1984 ; Catcheside, 1948; Sparrow,
19512 Hollaender, 1954; Muller, 1954a, b; Giles, 1954;
Ray-Chaﬁdhuri, 1961; Bacg and Alexander, 1961; Evans,

1962; Lea, 19627 Wolff, 1963; Savage, '1970; Bender et al.,
1974; Searle, 1974; Cattanach, 1982 etc.). Further because
of the favourable chromoéomexnumber, morphology and easier
handling, Tradescantia, Vicia, Alium, Datura etc. among

plants and Drosophila, grasshoppers, heteropteran bugs and
in vivo and in vitro cells of mammals including man have
more éxtensively been used to study the various fundamental
problems of ionizing , non-ionizing radiations, odd chemicals
etc.



Some mutagenicity testing methodologies

Since the discovery of the artificial induction of
mutation by Muller (1927), a good number of test systems
deploying microorganisms to laboratory animals and numerous
end points from point mutations to tumor induction have been
developed in the last quarter of a century to cope with the
present need, The study of chromosome aberrations still
remains the standard and dependable method while most other
methods introduced in testing the mutagenecity had variable
claims (Hsu, 1982), However, it is now advocated that
more than one test to be conducted in claiming the mutagenic
potentiality of an agent. The useful informations could be
obtained from the books of Vogel and Rohrborn (1970), Chemical
Mutagenesis in Mammals and Mans Hollaender (1971a, b, 1973,
1976; 1978) = Chemical Mutagens, Principles and Methods for
their Detection (Vols, 1-8); Hsu (1982) - Cytogenetic Assays
of Environmental Mutagens; Sharma, Environmental Chemical
Mutagenesis (1984) etc, All these methodologies were
deployed for testing the mutagenic potentialities of mainly
hundreds of chemicals and ionizing radiations. They have
seldom been used in testing similar properties of living
agents (Bartsch, 1970; Manna, 1973, 1980p, 1982).

Most of the mutagenicity testing methods have briefly
been presented in the following

1, Host-mediated assay 3

Ames (1970) has been credited to introduce the
enteric bacterium, Salmonella as a testing model for chemical
mutagen in which a potential chemical is injected with an
indicator ‘micro-organism and the mutation frequency is



measured. In recent year Preston and Brewen (1982) evaluated
the use of host mediated assay method and opined that it
provides several advantages.

2, Extra karyotic mutation

Plastids and Mitochondria of Eukaryotic cells contain
DNA, The mitochondrial genetic material called as
"Chondriome" and that of plastid as "pléstome“ like "genome"
were studied for induction of mutagenic changes (Arnold,
1970), However, it is yet to be established as a standard
method for extensive use,

3, DNA repair

Some studies have been carried out on base damage
répair of DNA, DNA cross-links, DNAeprotein cross links
which could be stimulated by DNA damaging agents. Painter
(1982) opined that DNA repair in higher organisms might
induce chromosome breakage and sister chromatid exchange.

4, Multiple 'loci methods ¢

The method in mouse is quite useful but the economic
considerations limit its applicability (Ehling, 1970).
Anvhow, in this method mutation to recessive allele could be
detected in homozygous test stock developed for specific
gene (Cattanach, 1971). When the homozygous stock with
specific loci was treated with some mutagen, the character
would not be seen if there was a mutation.’

Somatic chromosome aberrations @

The bone-marrow cells as a means of testing clastogenic



agents is very well known (Datta et al.,1970; Manna, 1985).
Other somatic tissues like spleen, thymus, lymph nodes,
cornea etc. have also been used but. among all of them bone
marrow has been found most ideal in in vivo condition.

The effects of various mutagens have also extensively
been studied in in vitro cells of mammals by different
workers (Schoeller and Wolf, 19703 Chu, 1970)., Even the
ascites tumor cells like bone marrow cells were deployed in
mutation research (Adler, 1970), The human peripheral
blood'lymphocyte culture for assaying the cytogenetic effect
of environmental mutagené has usually been recommended
" (Buckton and Evans, 1982) because the testing would not
be possible in';g vivo condition. Assays of chromosome
aberrations in mammalian short-term cultured cells as a
useful means in mutagenicity testing has been advocated by
Au and Hsu, (1982). Beside mammalian cells, cultured
neuroblast cellls of grasshoppers or chromosomes of German
cockroach, Blatella germanica, mosquitoes, some blow flies,
house flies etc, have also been used (Gaulden and Liang, 1982).

Regenerating liver cells 3

Regenerating liver cells of mice (Manna and Ghosh,
1984) and rat (Parida et al. ., 1984) have also been found a
suitable model in assaying the genetoxic agents. It was
shown that the regenerating liver cells were more sensitive
than the bone marrow cells (Manna and CGhosh, 1984).

Flow cytometry

Chromosome aberration study induced by mutagens
happenéd:itor beithes;cémmon practice but it has the limitation



of finding adequate number of dividing cells.all the time.
Thus in recent years attempts were made to develop computer
oriented image analysis mechanisms The machine was originally
designed for karyotype reading but it became obsolete with
the innovation of chromosome banding techniques. By the
Joint efforts of physicists, biophysicists and engineers, the
flow microfluorometer (FNF) was developed. The original

name is now changed to flow cyt{ometry, It has the

advantage of measuring large number of cells (10°)within in
a few minutes., 7That would enable statistical analysis of
the data of cellular differences; Efforts have been made

to use the mechine in breakage analysis, programme of
isolated chromosome, the principle of flow analysis etc,
Anyhow, the technique has not been commonly used because of
some limitations and other considerations.

Premature chromosome condensation (PeC) :

Tbe cell fusion technique to study the regulation of
cell progression through the reproductive cycle was developed
by Rao and Johnson (1970). The fused mitotic cell with
synochronus population of G, S and G, stage would lead to
rapid condensation of the interphase chromatin into
chromosomes which has been termed as "Premature Chromosome
Condensation (PCC). On the other hand as the induction of
PCC resembled a process similar to that of a cell entering
into mitosis, it was also termed as "Prophasing" (Matsudi
et al., 1972). The ability of mitotic cells &o induce PCC
of interphase nucleus showed no specific barrier and cell
fusion could be accomplished with a variety of fusogens like
viruses (e.g. Sendai virus, Newcastle disease viruses),
Lysolect#in and Polyethylene glycol etc, Earlier worker

could not envisage how this;henomenon could be deployed in
mf



detecting environmental mutagens, but it is nowv well
understood. The study has uneven progress and the present
stage of knowledge has been reviewed by Hittelman (1982).

Sister chromatid exchange (SCE) :

Since the innovation of BrdU-dye techniques for sister
chromatid exchange (SCE), replacing radio-isotopes this
method has very extensively been used to characterize the
impact of mutagens and carcinogens on chromosomes BrdU
methodology for the detection of SCE has been reviewed by
Latt et al, (1982) and he has listed a large number of
chemicals used by various workers showing induction of
elevated sister chromatid exchange. The chemicals were put
into two categories as (i) agents showing strongly positive
effect and (ii) agents exhibiting mixed SCE induction
behavioury, The SCE as a means of mutagenicity testing in
plant material specially in Eicia faba has also been reviewed
by Kihlman (1982)., In fact, many workers suggested that SCE
is a very dependable method for the detection of odd mutagens.
However, Hsu (1982) opined that regardless of the materials
and the end points used, there are basically only two types
of cytogenetic test systems yviz.the classic chromosome
aberration study and the more recent sister chromatid
exchange (SCE)., The procedure for SCE staining is more
cumbersome than that of chromosome aberration test and he
recommends that SCE can be applied as an additional
criterion. Kligerman (1982) in his review on the cytogenetic
assays of genotoxic agents in aquatic environment, recommended
the use of SCE method. In some cases it has been shown that
the frequency of chromosome aberrations and that of SCEs was
not complementary to one another after the treatment of
same dose of an agent. Anyhow, Bloom (1982) recommended
that the SCE method could be applied to Avian embryos which



showed the possibility for studying SCE in the prenatal
period,

Heritable translocation test 3

Though various types of chromosome aberrations could
be induced by different mutagens of which the reciprocal
translocation has been used in mammalian mutation research,
This was, however, found not to be associated with any
phenotypic change, It was associated with semi-sterility
in both sexes, having small size of testes and multivalent
meiotic association, lethality etc, The progress has been
efficiently reviewed by Cattanach (1982).

Micronuclei test (MNT)

MNT has been strongly advocated because of the rapidly
and simplicity of the method, It has been advanced by Heddle
(- 11973, 1981), Matter and Schmid (1971), Schmid (1973,
1975a, b, 1976, 1982); Evans (1976) after it was originally
discovered by Schroeder (1966, 1970). Micronuclei are
supposed to be formed by the acentric fragment, dicentric
or multicentric bridges, laggards, asymmetrical exchange etc.
They could be detected for few hours after the last mitosis.
MNT has been found very helpful for assaying very large
nurber of cells within a short time but the symmetrical
exchanges and all form of chromosome aberrations would not
be detected by this methods which could be dome by the
chromosome aberration study.

Biochemical detection of altered DNA 3

That the genetic differences and mutations could be



determined in a precisely defined region of the genome. was

claimed by molecular biologists. This has been studied on
the genetic apparatus in microbiol system as in
Escherichia and Saccharomyces and even in cultured
mammalian cells. The limitation of the technique has
however, been discussed by Klamerth (1970). The mechanism
has been reviewed by Painter (1982),

Teratogenic assay

It has been shown by Ehling (1970) that mutation
might induce various teratogenic defects of which the
skeletal deformities induced by dominant mutation has been
studied in more details, The dominant mutation associated in
lethal effect in mice was studied by Griineberg (1954). Besides
the mutagenic hazards, the teratogenic effect of ionizing
radilations during development is well-known in various
laboratory mammals like rats,” mice and even in man. The
teratogenic effects have been reviewed by Hicks and D' Amato
(1966), The causative factor has been suggested to be due to
somatic cell mutation. Radiation induced fetal damages have
also been reviewed by Jacobsen (1970).

The use of drug thalidomide created a great controversy
vhen numerous cases of congenital malformation in the
offspring were reported whose mothers used the drug. Beside
thalidomide, other drugs which have been found to be
associated with congenital malformation awe insulin (Wickes,
1954), sulphonylureas, coricosteroids and A.C.T.H.,
Antithyroid drugs, Progestogens, androgens and oestrogen,
antibiotics, atebrine, salicylates, phenmatrazine, serotonin,
cyclizine etc, In fact the detection of good number of
congenital malformati on and other birth defects are due to
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increase of drug habit and use of chemicals in human soéiety.
Besides the study of the élastogenic.-mutagenic and
tumorogenic effects of thousands of chemicals, the
teratogenic effect has also been studied. Among drugs and
chemicals as many as 30 antibiotics have been tested on
ddfferent laboratory mammals like rats, mice, rabbit,

hamster etc, with respect to thelr teratogenic effects and
in most cases the results were positive (See Roy, 1982).

The effects were seen in different organs at different
stages of development of the embryos. The teratogenic effect
of antibiotics has also been studied in birds. The
antibiotics used were Olivomycin (Klimova, 1972), Phleomycin
(Lee' et al., 1972), Actinomycin-D (Cury and Montenegro,
1969), Mitomycin-C (Singh and Singh, 1976) etc.

The teratogenic. effects of Azo Dyes have been reviewed
by Beck and Lloyd (1966). Trypan blue an azo compound found
to be potent teratogenic agent causing congenital anomalies
in Rodent when injected in critical times Similar effect
was also found in chick., Even it was found in medaka £fish,
Oryzias latipes (Briggs and Wilson, 1959), though the
effect on cold blooded vertebrateg has not extensively
been studied,

Besides the tumoragenic and mutagenic effects of
viruses, their teratogenic effects have also been reported
by several workers (Greenberg et al., 19577 Holowach et al.,
1957; Hill et al,, 1958; Manson et al.,, 1960; Potter, 1961;
Corston and Mirchandani, 1964). Brown (1966) reviewed the
viral aetiology of congenital anomalies associated with
rubella, influenza, cytomegalo, hepatitis, coxsackie,
poliomylitis, ECHO mumps, measles, Viricella and encephalitis
viruses. The teratogenic effects during growth and development
of infants with congenital rubella have specially been reviewed
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by Desmond et al, (1970).and Hanshaw (1970) that of
cytomegalovirus infection. The infection of rubella and
cytomegalo virus might alter the fetal anlage possibily by
somatic mutation as a result of which malformation in the
offspring has been observed. Therefore, viruses are
very potential teratogens. Any irregulafity during
developmental process might lead to the malformation.
Generally among various possibilities, the chromosomal
abnormalities were found to be major cause for origin of
malformation, Chromosome anomalies associated with various
human birth defects are well known at present.

Effect., of meiotic chromosomes

While chromosome aberration in somatic cells might
imply somatic mutation, similar effect in germinal cell would
suggest hereditary implication: The method of handling male
germinal chromosomes has now been very much, improved. The
time-table of spermatogenic cycle in rat using PAS reaction
was determined by Leblond and Clermont (1952). Much
improvement has been made specially in mouse. Adler (1982)
gave the detail time-table of spermatogenesis and
spermiogenesis of mice basing on the data of Oakberg
(1960) and showed how it was useful in determining the
stage sensitivity to X~ray and chemical mutagens.

The recent methodological improvements have removed
the earlier difficulties in handling mammalian oo¢ytes and
they have now been used in cytogenetical assay of mutagens.
It is known that females at birth are endowed with the
complete set of oocytes and the last oogonial cell division
occurs sometimes before the birth., The stage at which
oocytes remain at birth except rat and mouse is known as
diffuse diplotene. Payne and Jones (1975) developed the
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technique of mass isolation and culture of mammalian ova,

By this technique the cytogenetic effects of several chemicals
and X-rays could be studied by different workers (see

Brewen and Preston, 1982).

The timing of meiotic stages in mammalian females germ
¢cells and oocytes in mutagenicity testing is equally
important, Kuhlmann (1970) discussed the problem., The
process of oogenesis in mice taking as a model, he
recognized three major stages along with timing : (a)
Primordial germ cell - 8 days, (b) Oogonia ~ day post
coitum + 1 day and oocytes - 14 days. However, Brewen and
Preston (1982) reviewed the process and put eight distinct
morphological stages in the adult ovary.

Dominant lethal test ;

Dominant lethal test has specially been elaborated
in mice by RShrborn (1970). Though originally discovered
by Snell (1935) and Hertwig (1935). The test has been
considered to be a very crucial one., The lethal mutation
induced by some mutagen in the male parent when mated to
normal females, the mated female in case of lethality
induced might show (1) Pre-implantation loss of (ii) Post-
implantation loss (Rohrborn, 1970). The detection of
post-implantation loss is relatively simple which is
generally assessed at late period of gestation by exposing
the .uterus of pregnant mother. The dead embryos leave a
scar mark while the living ones show buldges. Soares
(1972) also developed a technique of detecting the dead
implants after parturition by exposing the uterus of the
female mice at the end of the weéning period of the litters.
However, the term ‘dominant lethal' appeared to be misnomer
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because the effect could be followed in F2 generation as
well (Patel, 1982; Roy, 1982; Banerjee, 1982).

Sperm_head abnormalities

It is claimed that the head morphology of sperms is
under genetic control (Wyrobek et ali, 1975, 1976 Wyrobek,
1979). It has been shown by different workers that frequency
of sperms with abnormal head morphology was in¢reased in
epididymal sample of mutagen treated male mice than that of
control,

Chromosome aberration in F1 and F2 generation ¢

Beside the heritable translocation referred to
before, it was found by Manna and his collaborators
(Roy, 1982; Patel, 1982; Banerjee, 1982)the occurrence of
various types of chromosome aberrations in embryos and
adults of F1 and F2 generation of mutagen treated lines.
This has been explained due to the transmitation of
mutagenic factor from parent to following generations
through some mutated loci of chromosome and the said loci
were supposed to control in nqrmal conditions the structural
intrigrity of chromosome (Manna, 1984). However, similar
studies were not carried out in other laboratories.
Perhaps it was thought that the mutation induced by the
testing agent was ’'dominant lethal’.

Drosophila list

Drosophila has been found to be a good genotoxic
material which has been reviewed by Vogel and Sobels (1976).
It provides the advantage for the study in gene mutation
and chromosome aberrations (Sobels, 1974).
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Though there are several methodologies referred
to before, the present author deployed same of them (vide
infra) for reasons like limitation of time, facilities etc.

Physical agents 3

Among different physical agents, the effects of
ionizing radiations on chromosomes extensively have been
studied, They could broadly be put as (a) the mechanism
of structural rearrangements, (b) qualitative and
quantitative analysis of aberrations and the verification
of 'Target'® hypothesis, (c) effect of modifying factor and
radioprotection, (d) radio-sensitivity and radio-resistance,
(e) biochemical mode of action, (£f) therapeutic uses,

(g) determination of finer structure of chromosomes,

(h) tracer study, (i) crop improvement and preservation,
(j) live stock improvement etc., -.. (k) lethal effect,
and (1) heritable translocation study. We refrained from
going into the details because it is little beyond our
present scope and efficient reviews have been made time to
time (Lea, 1962; Bacqg and Alexander, 1961; Evans, 1962).

Effect of chemical agents

The progress in the field of chemical mutagenesis
is not only very exhaustive like that of radiations but also
more varied and innumerable humber of agents. Because of the
limitation of the present scope, no review of works has
been attempted by author and the effects of various
chemicals on chromosomes have also been reviewed time
to time by different workers (Darlington, 19537 Eigsti and
Dustin, 1955; Biesele, 1958; Sharma and Sharma, 19602
Wilson, 1960; Freese, 1963; Von Rosen, 1964y Kihlman, 1966;
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Auerbach, 1967; Manna, 1969, 1971; Vogel and Rohrborn,
19703 Fishbein et als, 19707 Hollaender, 1971a, b, 1973,
19763 Hollaender and de Serres, 1978 Sharma, A.K., 1981;
Hsu, 1982; Sharma, A., 1984). There has been several
attempts to put the chemical mutagens according to their
chemical properties ang/or cytological effects, Bauch
(1947), classified the mitotic poisons as, (a) spindle
poison, (b) cell division poison and (c) chromosome
poison; Ahlstrom (1951), as (a) spindle poisons, (b)
interphase poison, (c¢) karyoclasic poison and (d) other
poisonss Dustin (1952) as (a) spindle poison, (b) perfect
radiomimetic poison and (c¢) partial radiomimetic poison:
D'Amato (1954) as (a) inhibitors of cytokinesis, (b)
inhibitors of spindle formation and (c) preprophase
inhibitors; Biesele (1958) as (i) prophase poison, )

(11) chromosome poison, (iii) metaphase and later stages
poison; Sharma and Sharma (1960) as special drugs, ;
antibiotics, plant product:; plant hormones, vitamins, growth
regulators and organic compounds, inorganic salts, metals
and gases; Wilson (1965) as (i) prophase poison, (ii) spindle
poison, (i1ii) mitotic inhibitors, (iv) chromosome breaking
effectsy Eihlman (1966) as (i) DNA precursors and related
compounds, (ii) Antibiotics, (1ii) Alkalyting agents,

(iv) Ribose compounds and (v) Miscellaneous chemicals and
so on,

The present thrust on the study of the environmental
mutagens has led to the discovery of nearly a million
chemical agents, Various gene-tox programmes have been
set up in different countries for their detection and
management. The environmental mutagens have been put under
various categories basing on some parameter, Bhrthelmess
(1970) put the chemical compounds in human environmental
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sources as (i) medical drugs, (1i) stimulants, (1ii) food,
{iv) dyes, (v) cosmetics, (vi) pesticides and (vii)

veterinary drugs. Sharma (1981) discussed the sources as
natural and man-made ones and other problems of pollution.

The effect of chemical mutagens on dividing cells
could broadly be generalised for the following types of
action (1) inhibitory effect at prophase and at other stages,
(2) accelerating effect of the cell division, (3) prophase
poison, (4) metaphase poison, (5) nucleotoxic effect,

(6) cytotoxic effect, (7) inhibition of cytokinesis and so
on.
\ .

The effects of chemicals like that of physical agents
have been studied generally for (a) the gqualitative and
quantitative assays, (b) the biochemical mode of action,

(c) dose~dependent effect, (d) chemoprotective effect, (f)
antagonistic, and synergistic effect, (g) intra- and inter-
specific chemosensitivity etc, Some amount of differences
could be attributable on the effect of chemicals, on
chromosomes as compared to that of ionizing radiations,
They are : (a) the effect could be immediate to variable
length of time; (b) the aberrations were mostly chromatid
type: (€) the breaks were nonrandomly distributed between
and within chromosomes and so on.

Genetic mutagen

Not very extensive study has been carried out in
this field. It was shown that "Dotted" gene (Dt) located
in short arm of chromosome~9 induced the gene g located in
chromosome=~3 to mutate to A in maize (Singleton, 1965).
Earlier McClintock (1951) reported that another genetic
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mutagen known as Ac-Ds system in which Ac stands for
activator, DS for producing chromosome breaks in maize.
However,'the progress ié very limited in comparison to
that of physical, chemical and living mutagens.

Living mutagens @ Since the present author used the

Bacterium Pseudomonas aeruginosa as a living mutagen,

clastogenic, mutagenic and teratogenic potentialities of
various microbes have bgiefly been reviewed in following

Effect of viruses The pioneering discovery of chromosome
aberrations by Hamper and Ellison (1961) in cultured cells

of hamster induced by the Herpes simplex virus opened up a
new field of investigation. Viruses (= Poison, Latin)

are the smallest and simplest among microbes which range

from 0,01 to 0,3 micron in diameter and are strictly
parasitic to animal, plant or bacterial host. They lack
bilosynthetic and energy yielding enzymes and possesses only
one kind of nucleic acid either RNA or DNA and not both,
Rarely some viruses appeared in symbiotic form in close
association with bacteria,

During the first quater of the present century, it was
showp that sarcoma in fowl could be induced by the viral
agents by Rous (1910, 1911)., Since then virus induced
tumor has been reported in diffe}ent vertebrates organisms
including man. However besides beguin tumor the malignant
tumor in man of viral origin has not yet been reported (see
Brachet, 1954), It was also claimed that the interferon
of the viral agent possibly indwes the structural changes
of the salivary gland chromosomes of the Dipteran species -
Rhyncosci-ara angelae (Diaz and Pavan, 1965; Pavan and
Basile, f§25). The occurrence of pycnotic nuclei at
Pachytene in the germ cells of leaf-hopper, Ildiocerus was
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suspected to be dque to viral infection (Halkka and
Heinonen, 1968). Though the tumorogenic property of
viruses in different groups of vertebrates was discovered
‘early (Rous, 1910, 1911), while the study of clastogenic
effect induced by the viral agents mostly in mammalian
species including man began much later (Hamper and

Ellison, 1961) the latter has advanced very rapidly (see
Aula, 19657 Bartsch, 19707 Manna, 1973, 1980, 1982). Soon
after the discovery of the clastogenic effect made by
Hémper and Ellison (1961), Nichols and his collaborators
carried out a series of studies'on different aspects of
virus induced chromosome aberrations (Nichols, 1963, 1966,
1968; Nichols et al., 1962, 1964, 1965). He (Nichols, 1966,
1968) advocated the role of viruses ' in somatic mutation and
carcinogenesis as he found the similarities between the
chromosome aberration induced by viruses and some nucleic
acid components, He (Nichols, 1978) also studied the
genetic effect of virus transformation. Good many other
workers have also studied the chromosome aberrations induced
by different viruses, their'vaccine and so on which have
been briefly summarized hereunder.

According to Zinsser Microbiology (Joklik and
Willett, 1976), animal viruses are grouped into A) DNA
containing viruses comprising six major families 3

i) Poxviridae
i) Hérpesviridae
i1ii) Adenoviridae
iv) Papovaviridae

v) Iridoviridae
vi) Parvoviridae
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of which the chromosome breaking effects of Irido- and
Parvo viruses have not been reported, and B) RNA containing
viruses comprising ten major families

i) Picornaviridae
ii) Togaviridae
i1i1i) Reoviridae
'iv) Orthomyxoviridae
v) Paramyxoviridae
vi) Rhabdoviridae
vii) Retraviridae
viii) Bunyaviridae
ix) Arenaviridae
x) Coronaviridae

of which viruses belonging to last three families,
Bunyaviridae, Arenaviridae and Coronaviridae have not been
reported for their chromosome breaking property.

A, Effect of DNA viruses

Proxiviridae s Different forms were found to induce
various types of chromosome aberrations including gross
effects in the leucocyte culture of patients infected with
small pox (Aula, 1965; Schuler et al,, 1968) as well as in
cultured cells infected with vaccinia viruses, The effect
of viruses and their vaccines on chromosome was also studied
in vivo bone marrow cells of mice (Barinsky and Dementiev,
19883 Michaylova and Gorsunova, 1969a, b, 1975, 1979),
in cultured kidney cells of monkey (Boiron et al,, 1966),
embryonic cells of bat (Huang, 1967), and €hinese hamster
(Mazzone and Yerganian, 1963), cultured cells of man (Aya
et al., 19673 Miles and O'Neill, 1969; O'Neill and Rapp,
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1971), Hela cells and HEP-2 cells (Sablina and Bocardv, 1968).
The chicken pox virus induced predominantly break type
chromosome aberrations in patients and in culture human

cells on infection (Aula, 1965; Grover et al., 1968;:

Renda, 1968), but Harnden (1964) did not find substantial
amount of increase in chromosome aberrations.

Herpesviridae Besides the original studies of
the chromosome aberration induced by Herpes simplex virus
by Hamperand Ellison (1961, 1963), other workers showed
that the breaks were somewhat localized and nonrandom
in occurrence (Huang, 1967; Stich et al., 1964a, b). The
G2 phase of the host cell was found most susceptible
(O'Neill and Rapp, 1971). Further the pulverization effect
caused by the Herpes simplex virus was found similar to
that of the cytomegalo virus (Huang, 1971). |

Adenoviridae 3 The adanoviruses, the causative
agents for respiratory trouble, tumorus changes etc.
(Yerganian et al., 19657 Stoltz, et al., 1967) were also
found to induce various types of chromosome aberrations
(Aula et al., 1968). Both diffuse and break type aberrations
were induced by adenotype 2, 4, 12, S.A, 7 and S.V, 15, A
comparative study of the virus induced chromosome
aberrations in hamster and human cell révealed that the
aberrations were of similar nature and somewhat localized.
Dolimpo et al. (1968) added that some of the viruses also
induwced numerical changes in chromosomes. The breaks
induced by Adenotype-2 were of chromatid type, iocalised
and nonrandomly distributed (Huang, 1967; ZurMausen, 1967),
though some metaphase plates were ?1so grossly affected.




21

Papovaviridae They include tumor formipng DNA
viruses., Both structural and numerical changes was
observed in mammalian chromosomes papillome-shope virus
was infected, Polyoma virus induced structural changes
in chromosomes of embryonic cells of hamster after
neoplastic transformation (Dulbecco, 1965; Vogt and
DullBecco, 1963). Chromosome aberration was reported in
human diploid cells (Chumakov et al., 1964; Moorhead
and Saksela, 1965) and in the bovine lung fibroblast
culture (Ponten and Lithner, 1966) ﬁhen they were infected
with SV40 (Simian virus), Wolman et al. (1964) claimed
that the breaks were localized besides pulverization and
heteroploid changes. Yerganian (1966) in Armenian Hamster
and Lehman and Defendi (1970) in Chinese hamster observed
the chromosome aberrations induced by SV 4C virus. The
breaks were chromatid type and nonerandomly distributed
between and within chromosomes in both human and hamster
cells (Weinstein and Moorhead, 1965 Yerganian, 1966).

B, Effect of RNA viruses :

Picroviridae ¢ Poliomyelitis viruses of man and
monkey were found to induce break and gross type chromosome
aberrations after infection with fype-l (Bartsch et al.,
1967) but the infection with type-3 failed to induce the
specific form of chromosome aberration (Aula and Nichols,
1968). Mice immunised by poliovaccine gype~2 contained
chromosome aberration in the form of hreaks, constriction,
heteroploidy, pulverization, pycnosis etc. (Michaylova
and Gorsunova, 1969). Further, infection with Columbia
S.K. virus induced both breaks, constriction and
heteroploidy in cell culture (Nachtigal et al,, 1966).
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Togaviridae @ Arboviruses and rubella viruses
belonging to Togaviridae were reported to induce chromosome
aberrations by different workers. The flavirus, the
mosquito~borne yellow fever virus was found to induce
chromosome aberration in mice (Barinsky and Dementiev,
1968) and in man (Harnden, 1964). Even the vaccination
against yellow fever virus induced various types of
chromosome aberrations in some individual (Harnden, 1964).
The tick borne encephalities virus of arbo group induced
heteroploid changes but the effect of individual chromosome
structure was negligible in human cell strain and in BHK-21
cells (Tolstova et al,, 1966).

Paramycoviridae ¢ In this family, Sharma and Polasa
(1978) reported not only the chromosome breaking effect of
Honkong strain of influenza virus but also the dominant
lethal effect in mice., The parainfluenza virus type-l and
3, newcastle disease virus, ﬁumps and measles viruses were
found to induce the chromosome breaking effects by different
workers., Gross type chromosomal aberration in Hela cell
for the treatment of mumps and parainfluenza virus 1 and 3
was reported by Cantali et al. (1966). The pulverization
effect induced by parainfluenza virus (Sendai) was seen in
human chromosomes (Salkinder and Gear, 1964; Aula and
Saksela, 1966; Kato and Sandberg, 1968a, by Stenman and
Saksela, 1969) and in chromosome of kidney cells of rabbit.
It was reported before the genomic changes induced by
parainfluenza virus (Homma et al., 1968). The infection
of newcastle disease virus of chick to HeLa cells and
normal human cells (Canteli et al., 19663 Szanto et al.,
1967) induced chromosomal pulvérization and heteroploidy.
Patients infected with mumps and measles showed various
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types of struétural changes in chromoscmes (Renda, 1968;
Aula, 1965).

Rhabdoviridae 3 The infection with rabbies virus
induced diffuse type chromosome aberration (Mechajlova and
Gorsunova, 1969) amd there was no localized breaks
(Marquez-Monter et al., 1967), ‘The diploid cell strain
infected with this group of viruses was also shown to have
chromoscome breaking effects (Libikova and Motéjovg, 1967f,
The chromosome breaking effect induced by rubella has been
studied in human cell by different workers (Boue et al.,
19647 Chang et al,, 19662 Kuroki et al., 1966), It was also
studi ed for teratogenic effects (vide infra).

Reoviridae 3 The acute and chronically infected
cultured cells with reoviruses induced both breaks in
chromosome and heteroploidy (Nachtigal et al., 1966). The
neonetal mice infected with reovirus type-3 induced
heteroploid change of chromosome number (Keast, 1966).

Orthomyxoviridae s The human influenza virus did
not induce marked chromoscme breakages when strain A (PR-8)
was introduced to the human embryonid'lung culture
(Gavrilov et al., 1965), in human diploid cell. 1line.

Retroviridae t ' The oncogneic RNA viruses of this
family causing tumors in chick, mice etc. were found also
to be the potential chromosome breaking agent by different
workers as it was reported for several strains of Rouse
Sarcoma virus (Ahlstromet al., 1964: Nichol et al., 1964:
Kato, 1967; Boue et al., 1968), the murine leukomia virus.
Friends strain (Sofuni et al,, 1967) etc. Tsuchide and
Rich (1964) found only the pulvarization and heteroploid
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changes of chromosome. In cultured cells of monkey treated
with Moloney virus induced transformation of cell but very
little structural changes in chromosomes (Boiron et al,,
1966) .

Hiscellaneous group 3 Hepatitis virus because of
their indefinite nucleic acid constitution has been put
into the miscellaneous group (Joklik and Willet, 1976).
They were found to induce chromosome aberrations by different
workers, The leucocyte culture of patients suffering from
acute hepatitis contained chromosome aberration in the form
of structural changes, pulverization and genome modificiation
(Aya and Makino, 19667 El-Alfi et al,, 1965: Kerkis et al.,
1967), Various types of chromosome aberrations were found
in bone marrow of mice due t© the hepatoencephalotrophic
viral infection (Barinsky and Dementiev, 1968). In other
mammals chromosome breaks and mitotic suppression were
noticed for the infection of hepatitis virus (Mella and
Lang, 1967; Yoshida et al,, 1967; Matsaniotis et al., 1968).
Some workers found vdrious types of chromosome aberrations
in vivo cultured cells of dog infected with canine
hepatitis virus,

The clastogenic property of viruses belonging to
different groups referred to above is beyond any doubt. The
aberration induced by viruses occurred predominantly in the
localized from of chromatid breaks, constrictions, gaps, etc,
As mentioned before since the nature of chromosome
aberrations induced by viruses and that of nucleic acid
analogues were of similar nature, it was implicated with the
etiology cancer (Nichols, 1966, 1968; Boue et al,, 1968).
Even the regionwise localization of breaking points of

some mammalian chromosome including man induced by viruses
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and chemical mutagens was noticed (Cohen and Shaw,

1965} Aya and Makino, 1966; Huang, 1967), Manna (1980a)
showed the basic- similarity of chromosome aberration
types induced by viruses, bacteria and human cancer, It
was also claimed that breaks induced by viruses undergo
delayed restitution,

The precise mechanism of virus induced chromosome
aberrations is yet to be found out, ZurMausen (1967)
opined that the viral proteins having effect on enzyme
but it did not receive much attention, Bartsch et al.
(1966) suspected the lysosomal involvement from their study
on poliomitilis virus induced breaks, Several workers
(Nichols et al., 1964; Coﬁen and Shaw, 1965; Bartsch et al,,
1965) opined that the inhibition of cellular bio-synthesis,
specially DNA by the viruses could be of special significance.
The last was more attractive because virus indﬁceé change of
cellular DNA, RNA and Protein synthesis have wider
acceptability and it can explain virus induced gross effects,
pulverization, inhibition of mitosis and even numeriéal
changes (Bartsch, 1970). Nichols (1978) advocated that the
genetic effect of the transforming viruses in the infected
cell might help to prove into their role in the genetic
alteration of virus induced oncogenensis. The recent report
on the virus induced sister chromatid exchange has provided
a further evidence of the mutagenic potentialities of
viruses, Unfortunately the interest in the study of the
virus induced cytogenetic changes has declined in recent
years. The mutagenic potentiality determined by dominant.
lethal test on mice has only been carried out by Sharma
and Polasa (1978b). Anyhow, the mutagenic potentiality
of viruses needed be established by more works.
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Effect of Rickettsis 3

Rickettsiales are simple, obligate intracellular
parasites and exceptional’ condition they can grow in'cell
free nutrient broth containing body fluid. &ccording to
Cruickshank (1970), class Microtabobiotes beside viruses,
species belonged to order Rickettsiales, This causative
agent of scarlet or typhus fever is said to have influenced
the course of human history in Prague and London (see
Joklik and Willett, 1976). The Rickettsia, the causative
agent for scarlet fever were discovered by Dr. Howard -
Ricketts. Three genera (i) Rickettsia, (ii) Rochalima and
(111) Cosiiella belonged Rickettsiales., They are

-pleomorphic rod-shaped coccoid organisms, measuring
0.3=-0.8 x 0,6 m M. In ultrastructure and chemical

composition, they show resemblances to gram positive
bacteria, Unlike viruses, they possess both DNA and RNA
and their respiratory and synthetic capabilities are present
in the cell, They are smaller than bacteria and larger

than viruses; '

Among the three genera the chromosome aberrations
induced by Rickettsia have only been suspected in meiotic
cells of male gryllid, Acheta sp. There were no true break
type aberrations and only some sticky and clumping effects
were seen in first spermatocyte metaphase chromosomes
(Halkka, 1967; Halkka et al., 1970). No effect on
mammalian chromosomes has so far been known., The
teratogenic effect induced by Rickettsia has also not been
reported. Therefore, the Rickettsia as mutagen to mammalian
system remained practically unexplored.



27

Effect of Bacteria and Fungi

It is well known that the fungi are higher in order
than bacteria but we have taken the liberty of reviewing
fungi induced cytogenetic effects before that of bacteria
in order to keep the continuity of the presentation our
relating to cytogenetics effect of the bacterium P,
aeruginosa, the subject matter of the thesis,

Effect of Fungal agent and Fungus @

The dlassification of fungli is a debatable issue.
The classifications presented by Joklik and Willett (1976)
and by Cruickshank (1970) are not in full agreement.
According to Cruickshank, among four classes of fungi viz.
Fungi imperfecti, Basidiomycetes, Ascomycetes and
Phycomycetes, the Fungl imperfecti have characteristically
no sexual stage and consist mainly the pathogenic moulds,
yeasts, yeast-like fungil and dimorphic fungi. It was placed
in between bacteria and fungi proper. So far as the present
author 1is aware no mutagenic property of species belonging
to Fungi imperfecti applying various mutagenicity testing
methods has been carried out. The family Moniliaceae
belonging to Fungi Imperfecti contained some highly
pathogenitic genera like Aspergillus and Penicillium.
The mutagenic effect of penicillium itself though not
tested directly, its toxin and the antibiotic penicillin
have been found to produce clastogenic effect in treated
mice (Manna and Bardhan, 1973b). Among about 160 species of
Aspergillus recognised (Raper and Fennel, 1965), A, fumigatus,
A. flavus, A. parasiticus, A, condidus, A. och:géious etc,
are human pathogenic forms, Agperqillus contamination
degrades food material (Thom and Raper, 1945; Park and




28

Park, 1977).  The metabolites produced by them are knewn
collectively as mycotoxins 1ike afiatoxins, rubratoxins,
ochratoxins etc. Among them aflatoxins (produced by
Asgergillusxand other organisms) have been proved to be
mutagenic by different mutagenicity testing protocols

like liver microsomal assay in rodent (Matzinger and Ong,
1976: Kuroki et al,, 1979), and man (Buening et al., 1978),
agar diffusion assay (Awerbuch and Stark, 1979); modified
liquid culture method of microbial assay (Mitchel, 1978):
DNA repairmethod in Chlamydomonas (Schimmer and Werner,
1974) and other microbial method deploying E. coli (Goze et
al,, 1975); Salmonella (Wong et al., 1977) and Drosophila
(Fahmy and Fahmy, 1978) etc.

The chromosome breaking properties of aflatoxins
in human (Dolimpo et al,, 1968), hamster (Korte et al.,
1979) rat (Kuroki et al., 1979) and rat-kangerco cells
(Green et al.,, 1967) have also been found positive.
Beside aflatoxins the chromosome breaking properties of
other mycotoxins like citrinin on rat, Chinese hamster cells
and man (Thust and Kneist, 1979) and patulin on bone marrow
of Chinese hamster (Korte, 1980) were found also positive.
The treatment of aflatoxin B1 in male mouse induced
heritable chromosomal changes in F; (Leonard et al., 1975)
while in rats micro-doses had no affect on sperm count and
sperm head morphology (Egbunike, '1979). Among mycotoxins
the relative‘efficiency of clastogenic property was more
for patulin than aflatoxins and the order was PA)*AFBl>
AFG, (Korte, 1980)+ The application of the aflatoxin and
mitomycin in the cell-line of rat Kangaroo induced
chromatid type gaps and breaks and the long arm of .the
autosome and -the heterochromatic X-chromoscme were found
more sensitive (Green et al,, 1967). The chromosome breaking
effects of aflatoxins in root tip cells of Vicia faba
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(Lilly, 1965); onion (Reiss, 1971) etc. were found positive.
The mycotoxins were also found to inhibit mitosis (Lilly,
1965) and normal growth of parts (Reiss, 1977).

Beside the clastogenic and mutagenic property of
some mycotoxins, specially the Aflatoxin B, referred to before
they also produced teratogenic effgcgs. 'Aflatoxin B1 when
added to culture medium, it inhibited blastoid transformation
or to the breeding medium of the frog, Xenopus, the
mortality rate of the tadpoles was increased inflicted
some eye abnormalities and impaired other organogenesis
(Aleksandrowicz et al., 1975). Teratogenic effects in
rats was also noticed of fop the treatment of Ochratoxin A
(Brown et al., 1976). Therefore, among various mycotoxins,
the aflatoxin B1 was shown more clearly to have mitogenic,
clastogenic, mutagenic, carcinogenic and teratogenic
properties, ’

The carcinogenic property of aflatoxins have widely
been tested. A. flavus can liberate aflatoxin and aflatren.
The later, when treated to mice caused behavioural changes
(Gallagher and Wilson, 1979). Some species like A. niger,
A, glaucus, A, flavus etc. were also found to produce
various antibilotics and mycofoxins (Jacobs and Gerstein,
1960). Similarly.antibiotics produced from Penicillium are
citrinin, patulin, Ochratoxin, sterigmétocystin, rubratoxin,
sinigrin, aflatren, territrem A and B, funitremergen A, B,
C, D etc., of which patulin from‘Benicillium patulum
Citrinin from P P, citrinum and Ochratoxin from A. ochracious
deemed to have mutagenic property.

~



30

Though a number of fungal toxins were found to
induce cytogenetic effects 1in treated specimens, it was
Manna and his collaborators (Manna, 1980, 1982; Manna and
Patel, 1981; Kundu, 1983; Manna and Chakrabarti, 1984)
reported the spores of different species of Aspergillus
acted as mutagenic agent in treated mice, Manna and
Patel (1981, 1984, unpublished) and Patel and Manna (1984)
after making the initial discovery of bone marrow
chromosome aberrations in spores of Aspergillus fumigatus
treated mice, they continued the study on various aspects
to probe that the spores as mutagen in treated mice
deploying various metagenicity testing methods, Earlier,
crude mycelial extract of A, fumigatus tested of chicks

and laboratory mammals was found to be neurotoxic,
hematoxic and histotoxic effects (Henrici, 1939). From
the culture of A, fumigatus, antibiotic substances like
fumigacin (Waksman et al,, 1943), fumagillin (Houson and
Edle, 1954), fumigatin (Oxford, 1942), gliotoxin (Jacobs
and CGerstein, 1960), etc. were isolated. However, the
chromosome breaking effect of the crude extracts of the
mycelium or of the antibiotic agent of A. fumigatus was
not studied. Manna and Patel (lit cit) established
reasonably the mutagenic property of the spores of A.
fumigatus and- the results are summarised below 3

The isolated spores of A. fumigatus after
intraperitoneal injection to mice induced higher frequency
of various types of chromosome aberrations assessed at 18
intervals between 5 min'and 90 days which were in the form
of sub=chromatid, chromatid and rarely isow«chromatid breaks,
acentric fragment, translocation, gaps and constrictions
grouped as individual types and stickiness, pycnosis,
polyploidy etc. grouped as gross types. The treatment
of heat-killed spores, however induced lower frequency of
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aberrations but it was still higher than that of control.
The mitogenic effect was proved by the study of the

mitotic frequency in bone marrow cells of treated specimens
against control, The treatment of spores showed in the
male epididymal suspension significant depletion in sperm
count and higher frequency of sperms with abnormal head
morphology. The mutagenic properties of spores of A.
fumigatus in treated mice was established by the study of
the lethal effect in F1 generation evaluated at 15 day of
gestation and after parturition by mating spore injected
male parent to separate sets of 3 virgin females each week
for 5 weeks, The mutagenic index was significantly high in
treated series than control. Further, the chromosome
aberration study in liver and spleen cells of F, embryos of
15 day gestation and in bone marrow of F1 individuals of
different age revealed various type of abnormalities like
their treated male parent but none of the aberration was
specifically heritable one like heritable reciprocal
translocation found by others for treating chemical and
physical agents (Cattanach, 1982). Even in F, generation
the lethal test and the chromosome aberration study showed
some positive effect indicating thereby the mutagenic factor
was transmitted in successive generations.

The study of the effect of spores of other species
of Aspergillus, A, niger (Kundu, 1983y Kundu and Manna,
1984a, b, 1985, unpublished) and A. flavus (Chakrabarti and
Manna, 1984, 1985 and unpublished) in mouse systems
appeared also to be mutagenic revealed by different tests
the study of which is in progress. Thus fungi imperfecti -
and their products appeared to be mutagenic to mammalian
system.
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Effect of Bacteria

Among microbes of lower order, bacteria other than
viruses constitute a very important group, They may grow
and attach to one another in cluster, chain, rods, filament
while higher bacteria - Actinomyceéles form a mycelium.
Bacteria and blue green algae are prokaryotic (Pro=primitive,
karyote = nucleus) cells, having no nuclear membrane while
the naked 8NA or the chromosome {genophore) is not
associated with basic protein but with a semi-rigid cell
wadl vf unique composition, The size of the cell ranged
between 0,4=1.5 micron in diameter and in many form the
rigid cell wall gives them the charactéristic shape,
Morphologically they are classified as (1) higher bacteria -
simple branching filamentous actinomycetes and (ii) lower
bacteria - spherical cocci, rod-shaped bacillus, comma=-
shaped virbio and spirally-twisted spirilum and flexius,
filamentous spirochaetes. Genetically they are classified
according to the nucleolide compositions of DNA (Joklik and
Willett, 1976) while the biological classification is based
on Linnaean Scheme (Cruickshank, 1970),

According to Cruickshank (1970), bacteria, class -
schizomycetes comprise five order as (1) Actinomycetales,
(2) Mycoplasmatales, (3) Spirochaetales, (4) Eubacteriales
and (5) Pseudomonadales.

The chromosome aberrations induced species belong to
Actinomycetales considered as fungus b§'some workers for
forming mycelium.and possessing spec¢ial cell for
reproduction have not been reported but a number of
antibiotics isolated from them showed the chromosome
,breaking properties when tested in plant and animals
(Wilson, 1960; Gebhart, 1970; Manna, 1980b, 1981b).
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Spirochaetales :

- Spirochaetes are either pathogenic or commensalic-
forms, having slender flexuous spirals of 4-16 I in length
and 0,1~0.6 I thick. So far as the present author is aware
the chromosome breaking properties of spirochaetels or their
products have not been tested on ahy higher organisms.

Mycoplasmatales 1

Mycoplasma (Pleuro-pneumonia-like or PPLO) are
prokaryotes and placed in the next higher éategory of viruses.
Their sizes ranged between 0,5-1.0 fa in diameter, lacking
a rigid cell wall, mostly parasitic to man and animals, one
saprophytic species found in the soil or sewage (Cruickshank,
1970). Except for the absence of cell wall, its fine structure
is similar to that of bacteria (Joklik and Willett, 1976).

It can act as the causative agent for human atypical
pneumonia. The progress in. the study of mycoplasma induced
chromosome aberrations has been very limited but the effects
has been observed both in insect and mammals including man.
It appears that Paton et al, (1965) were pioneers to report
the chromosomal changes in cultured human cells infected
with mycoplasma. Maérherson (1966) studied the chromosome
damages in cultured human triploid cells line infected with
mycoplasma. Fogh and Fogh (1967) also reported the PPLO
infected Fl~human amnion cells with pulverization and other
gross type chromosomal effects. KXindsin et al. (1971)
showed the effect of T-strain of mycoplasma for inducing
chromosome aberration., Chromosomal aberrations were also
reported in the cultured cells of Rat Kangaroo (Lastikka

et al., 1976). Besides the chromosome breaking property,
some forms caused changes in nucleic acid metabolism of host
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cells (Levine et al., 1968).

Like the effect of rickettsia, the mycoplasma
induced éhromodome damages in the form of laggard,
acentric fragment, §£ickiness, transidocation, inversion,
aneubloidy, polyploidy, cytoplasmic budding without
chromosome and so on were reported in the male germin§l
cells of the water-bug; Nepa and a gryllid, Achela (Halkka
and Heinonen, 1968). However, there was some doubt about
the identification of the parasites Anyhow, there was
little doubt about the clastogenic potentiality of
mycoplasma because it has been observed by different
workers and in different materials while thelr mutagenic
property is yet to be established.

Halkka and Heinonen (1968) suggested that the argenine
degradation and cleavage of thymidine caused by the infection
of mycoplasma in the host cell was responsible for the
chromosome damage: Since arginine is a component of
cellular histone, its degradation might affect the histone
of chromosome, However, as the type of chromosome
aberration induced by mycoplasma showed basic similarities'
with those of viruses and bacteria, it is possible that some
common mecbanism might be involved.

Eubacteriales

Nine families under this order have been recognized
of which the chromosome breaking activities by any species
belonging to the families Bacteroidaceae, Brucellaceae and
Acromobacteraceae in host cells have not been reported, On
the other hand some species or their product belonging to
the remaining 6 families.{{&Ffe found to show some chromoscome
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breaking activity carried out hy Manna and his collaborators.
Corynobacteriaceae

No chromosome breaking activity induced by any
species in this family has been reported but the treatment
of the culture of Corynobacterium diphtheriae to cultured
mammalian cell yielded notable cytotexic effects between
24 and 96 hr, but similar treatment of C. pseudodiphtheriae
failed to show any notable changes upto 7 days
(Holowiecka and Donuata, 1969). On the other hand, Manna
and his collaborators (Manna, 19807 Das, 1976) observed
break, acentric fragment, gap and even translocation,
pulverisation, stickiness ete, in chromosomes of bone
marrow cells of mice injected with diphtheria toxin. The
treatment of TABC vaccine into mice also yielded higher
frequency of chromosome aberrations than that of control.

Micrococcaceae 3

OCut of 4 genera in this family the chromosome breaking
activities and mutagenic properties of Staphylococcus aureus in
experimental mice have ellaborately studied by Manna and
his collaborators (see Manna, 1971, 1973, 1980, 1982; 1985;
Manna and Bhowmick, 1969y Manna and Chakrabarti, 1970,
1975y Chakraborti, 1974; Hazra, 1980¢ Hazra and Manna, 1980,
19817 Manna and Hagra, 1981y Manna and Ghosh, 1984,
unpublished; Ghosh, 1985) using log culture, isolated
bacteria suspended in saline, culture filtrate and heate
killed samples of the bacterium, This species is a grame
positive coccl, grows in clusters and -acts as the causative
agent for superficial inflamatory lesions with pus
formation, The studies earried out by Manna and his
collaborators in mice (lit. cit.) showed positive clastogenic
and mutagenic effects against controls for t (1) The
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chromosome aberrations in bone marrow cells fixed at
different intervals between 5 min and few gays,

(11) nonrandom distribution of breaks within and between
chromosomes, (i1ii) inhibitory effect on mitotic frequency
at different intervals, (iv) micronuclei test, (iv) dose-
dependent response on chromosome aberration frequency,
(v) chromosome aberration frequency in bone marrow and in
regenerating liver cells of the same partially
hepatectomised and their alterations by the .conjoint
treatment of penicillin, (vi) chromosome aberration at
various intervals in germinal cells of male mouse,

(vii) sperm depletion .test, (viii) abnormal sperm head
morphology test, (ix) lethal test in F, generation by
mating treated male parent with different set of virgin
females, .(x) chromosome aberrations in F1 generations in 15
day 0ld embryos and adults of different age, (xi) lethal
test in F2 generation against gelevant controls and so on.
Even the results were positive when the bacterial sample
was injected to other mammals like cat, dog, rat, syrian
hamster, monkey etc., indicating that S.. aureus is a
potential mutagen in mammalian system.

The mutagenic potentiality of another species,
Sarcina (Micrococcus) lutea in this family Micrococcaceae has
recently been studied by Manna and his collaborators in
mice system (Manna, 1982 Manna and Goswami unpublished;
Goswamil and Manna, 1982; Goswami, 1985) using different
mutagenicity testing methods. The mutagenic potentiality
of S..lutea in treated mice was determined by (a) the
study of ‘bone marrow chromosome aberrations at various
intervals by the treatment of log culture, isolated S.
lutea suspended in saline, log culture filtrate and heat
killed bacterial suspension, (b) the aberration frequency
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in the chromosome of different stages of meiosis in testes
cells was also higher than that of control, (c) MNT was
positive and showed more or less a dose dependent effect,
(d) there was mitotic retardation in the bone marrow cells
of treated mice than,that of control, {(e) the sperms count
in the epididymes of treated specimens was lower than these
of the controls (f) the frequency &f sperms with

abnormal head morphology was higher in the treated specimens,
(g) the lethal test conducted by mating male parents
treated with log culture of Sarcina lutea to different

sets of virigin females revealed significantly higher
mutagenic index assessed at 16th day gestation and at the
end of weaning period after gestation in the treated series
than control in seven weeks mating programme, (h) mating of
Fl brother and sister of seven week treated lines revealed
also higher frequency of lethals assessed on 16th day of
gestation and after parturition in F2 generation than that
of control and so ons

Neisseriaceae ¢

-

In this family among two genera Neisseriea and
Veillonella recognised by Cruickshank (1970), the chromosome
breaking activity of Neisseria meningitidis has been studied
by Manna and Gupta (1979), The bone marr&ﬁ?ﬁ?&e treated with
log culture sample of Neisseria meningitidis had higher
fregquency of chromosome aberrations assessed after a few

minute to a few hours of treatment, However, the treated

specimens did not survive beyond 12 hr, The treatment also
showed mitotic retardation in bone marrow cells and the

frequency of chromosome aberration was reduced when the
bacterial sample treated mice were injected with penicillin.
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No lethal test could be conducted as the treated specimens
died shortly.

Lactobacillaceae 3

’

In this family among & genera, Diplococcus, Streptococcus,
Peptostreptococcus and Lactobacillug only two species
S. pyogenes and S, faecalis were tested for their
cytogenetic effects in the treated mice (Manna and Gupta,
1977), The intraperitoneal injection of log culture,
isolated bacteria in saline suspension, culture filtrate
of S. pyogenes and S. faecales into mice yielded higher
frequency of bone marrow chromosome aberrations at five
intervals between 10 min to 12 hr than that of control.
The effect was little more for the treatment of S. pyogenes
than that of S. faecales. In both the cases the treated
mice did not survive beyond 12 hr for which other mutagenicity
testing was not possible, It was also seen that the
frequency of aberration either in S. faecales or in S.
pyogenes treated mice was greatly reduced when penicillin
was injected to them.

Bacillaceae 3

In this family the .clastogenic effeets have not been
tested in mice after treating log culture of any species
of the two genera Bacillus and Clostrodium. However, the
iﬁjection of the tetanus toxin was.found to induce good
amount of bone marrow chromosome aberrations in the treated
mice (see Manna, 1980a;Das, 1976).
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Enterobacteriaceae 3

In this family among 8 genera, the chromosome
breaking effects of Salmonella typhi and paratyphi and

of Klebsiella pneumoniae on mice have been studied. The
treatment of log culture of S. typhic and paratyphi
induced various types of chromosome aberrations in the

bone marrow cells of the treated mice. The treated
specimens however, did not survive long (Manna and Das,
S.K,, 1971) for which no other testing was possible. It

was also found that the vaccine of TABC when injected into
mice also induced higher frequency of chromosome aberrations
than that of control,

The injection of the log culture, culture filtrate,
and isolated bacteria in saline suspension of K. pneumoniae
intc mice also induced some amount of chromosome aberrations
but the frequency was not very high as compared to that of
control, Unlike other bacterial species, the treatment was
not very toxic for which aberration frequency was studied
upto 48 hr. The chromosome aberration appeared after an
hour of the injection and interestingly there was some
acceleration of mitotic frequencyL::zjin treated series
than control (Manna and Gupta, 1977; CGupta, 1976). There
was also a reduction of the frequency of chromosomes
aberration when peﬁicillin was injected into the K,
pneumoniae treated mice,

Azotobactericeae

Postgate (1982) put Xantobacter autrotopriccus in
this family. The culture of this nitrogen fixing bacterium




40

produced higher frequency of chromosome aberration in the
bone marrow cells of the treated mice fixed at various
intervals (Sadhukhan and Manna, 1984). Preliminary tests
indicated that the X, autrotopiccus could act as a
potential mutagen to mice system,

Pseudomonadales

Under this order 2 families Spirillaceae and
Pseudomonadaceae are included (Cruickshank, 1970)-

Spirillaceae ¢

In this family 2 genera Vibrio and Spirillum are
included {_ ) but the higher chromosome breaking potency
of the cholera toxin and vaccine has only been studied in
treated mice (Manna, 1980; Das, 1976).

Pseudomonadaceae $

Pseudomonas aeruginosa is the bacterial species
which has been studied by the present author to show its
¢clastogenic, mutagenic and teratogenic potentiality in mice
systems by different methods. More than 140 species belonging
to the genus Pseudomonas have been recognized but only the
species, P. aeruginosa (Bacillus pyocyaneus) was first
isolated about 100 years ago, It was recognized as the
causative factor of the bluish-green discolouration of
surgical dressings (Eykyn, 1985)., The Pseudomonas infection
could easily be recognised by its characteristic small and
flat greenish colonies. P. aeruginosa (= pyocyaneus) is
pathogenic to man (Cruickshan, 1970). They are frequently
Present in small number in normal intenstinal fleora of man
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and animals, They can also be found on skin of healthy man

and could be isolated from sewage. The other species are

generally saprophytic in nature living in water and in soil.

They are also pathogenic to plants and less commonly to

animals, P. aeruginosa is a gram negative non-sporing

bacillus measuring between 0,5 micron to 1,5 micra and moves

by a single polar flagellum, Most peculiarly it is the

only species that produces the chloroform soluble pigment

'‘pyocyanin® but there are however, some strain difference

with regard to the pigment producing capacity, The strain

differences were detected by serologic typing, phage typing

and pyocin typing methods (Joklik and Willett, 1976). The

cellawall is similar to that of Enterobacteriaceae, They

are very adaptive and can utilise over 80 different organic

gompounds for growth, Though anaerobicfin habit but can

utilise nitrate as an electron acceptor éruickshank, 1970).

Certain biological activity of the extracellular slime

glycolipoprotein of P. aeruginosa even after pruification

aqg\enzymatic treatment, could be retained (Sensakoviceéigpqyaz
) 1975). The role of Pscudomonas in plant diseases was

a1§6 observed by Paton (1960). The germination, growth and

production of the plant was found to be inhibited possibly

by the production of the antibiotic, Pyocyanin (Brathwaite

et al., 1982). The antifungal activity of fluorescent

pigment produced by the speciles has been shown by Misaghi

et al. (1981).

The common of infection of Pseudomonas in man is seen

at the sites of burns and wound, in corneal tissue, urinary

tract, malignant tissue etc. lungs, (Eykyn, 1985;

Cruickshank, 1970). The subcutaneous infection of

P. geruginosa in rabbits, gﬁineapig and mice might produce
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fever and local abscesss The major problem of antibiotic
therapy for the treatment of P, aeruginosa infection has
been discussed recently by Eykyn (1985) and he opined
that the species is opportunist per excellence and it
seldom. causes infection in patient with normal host
defences.

Pseudomonas has been found to be tumourogenic
agent in the fish, climbing perch (Amabas) as the
epithelial carcinoma was developed due.to the mixed
infection of PB. fluorescens and Micrococcus variance
(Pal and Pal, 1984; Pal et al., 1978). On the other
hand P, aeruginosa was claimed to have tumour inducing
properties in mice (Gaydos et al,; 1976).

The mechanism by which Ps; aeruginosa produces
diseases in manh@hwézghsidered; A number of enzymes and
toxins including endotoxins in addition to the slime
seemed to produce patho%ogical effects; It is suggested
that two types of proteases produced by P: aeruginosa
could be responsible for haemorrhagic skin lesion and eée
infections They might cause destruction of tissue., The
phospholypase and the glycolipid have been found to
produce haemolysin: Three exotoxins, A, B, C which are
lethal to mice and dogs have been identified. Exotoxin-

A has been partially characterised as a protein but it was
not the causative factor for the necrosis in the skins

The toxin produced by P. aeruginosa is not heat labile and
it: can withstand the temperature over 100%. Pyroverdine;
the iron-binding fluorescent pigment of g; fluorescens has
been stated to have a role in iron transport (Meyer et al.,
1978).
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Some genetical study has been carried out in B.
aeruginosa, The relationship between mutated amidasis
and hydroxyurea has been studied (Brown et al,, 1979).
However, very little work was done at the cytological
level outside our laboratory. Scharmann, Jacob and
Porstendoerfer (1977) studied the cytotoxic effect of the
leucocidin from P, aeruginosa on human polymorphonuclear
leucocyte which induced characteristic morphological
alteration within a few minute of exposure to leucocidin.
However, Manna and his earlier collaborator (vide infra)
carried out quite an extensive study on the cytogenetical
effect of this bacterium in treated mice, More data, both
confirmatory and new and results of new line of investigations
for eséablishing firmly the bacterium as the clastogenic,
mutagenic and teratogenic agent in treated mice have been
presented /) #iig|this thesis.

Beside P. aeruginosa, P. fluorescencs (tentatively
identified) isolated from tumor site of the climbing perch
when injected intraperitoneally into mice after culturing
induced various types of chromosome aberrations (Manna and
Pal, 1982), It was also shown by Pal and Pal (1984) that
the mixed culture of the bacteria, P. fluorescens and
Micrococcus varience (?) after isolating from the tumorous
fish infected into normal Anabas Specimens; some died and
others developed ulcer at the point of injection as well
as in other regions. Some of the surviving fish also
developed lyphoma in dermal layer while in others some
epidermal papilloma and melanocarcinoma appeared. Similarly
subcutaneous injection of the mixed culture of these two
bacteria into mice caused death of most of the specimens while
two individuals after 2 month showed the preneoplastic
changes in liver, five individuals after Sth month developed
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adeno=carcinoma in the lung and one had cholangio- .
hepato-carcinoma (Pal and Pal, 1984). Very recently
Manna and Biswas (1986) reported the increase in the
frequency of the micronucleated peripheral erythrocytes of
the fresh water fishes, Catla catla, Labeo rohita,
Cirrhina mrigala and Oreochromis mossambicus at 24 hr
after intraperitoneally injecting them with log culture

of P, aeruginosa.

As mentioned before an elaborate cytogenetic studies
has been carried out by the present author using pure culture
of P, aeruginosa as a continuation of the work carried out
by Manna and Dey (Manna, 1980, 1982; Manna and Dey, 1979:
unpublished; Dey and Manna, 1978). The present author
undertook the problems with a view to extending the data
as well as making new experiment to establish the bacterium
as a clastogenic, mutagenic and a teratogenic agent avoiding
the repeatation of the studies carried out earlier Manna and
Dey (lit. cit.). The studies carried out by them were the
bone marrow chromosome aberrations at some 14 intervals
between 10 min and 192 hr induced by the I.P. injection
of log-~culture, saline suspensed isolated bacteria, culture
filtrezte and heat killed suspension of P. aeruginosa into
separate sets of mice., The average frequency of aberration
taking all intervals for both individual and gross type
aberration was 34,0%, 30.4% and 27.50% for log culture,
isolated bacteria in saline and culture filtrate treated
series respectively. On the otherhand in the heat~killed
bacteria sample treated mice it was 14.08%. There was also
mitotic retardation in the bone marrow cells of mice treated
with saline suspended P, aeruginosa. Some preliminary
studies on depletion in sperm count, induction of dominant
lethal in F; and F, generation etc. were also carried out.
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The present author has reinvestigated the
clastogenic potentiality of the bacterium by study of
chromosome aberrations in the bone marrow cells of treated
mice at different longer intervals, carried out MNT,
studied meiotic chromosome aberrations and also '
mutagenic potentiality by generation study of lethal
effect and chromosome aberration, biological changes for
sterify teratogenic and histogenic potentialities as given
in the following chapters s-

CHAPTER . I

Cytogenetic Assays of Pseudomonas aeruginosa
Treated and Control Mice in Parental Generation

A, Studies on Somatic cells

a) Effect on bone marrow chromosome at various
intervals.

b) Micronucleus Test.

B, Study on Male Germinal Cells :

a) Effect on chromosomes at different stages of
meiosis,

b) Effect on sperm count.

c) Effect on sperm head morphology.

C. Histological Studies 3

a) Effect on Testis
b) Effect on Ovary

c) Effect on Uterus.
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CHAPTER.. II

Cytogenetical Assays in First Filial (F,) Generation

A,

Lethal Test

a) At 15 day of Gestation and at the end of the
weaning period of the mother after parturition

Somatic Chromosome 2berration in Fl Generation

a) In embryos of 15 day gestation.
b) In F, individuals of 3 month old

Meiotic Chromosome Aberration in 3 Month 014 F1 Males

Sperm Count in 3 Month 0ld F1 Males

Sperm Head Morphology in 3 Month F, Males

1

Teratogenic Effect

a) In F, fetus at 15 day of gestation
b) In 3 month old F, individuals organs.

Histological Effects 3

a) Effect on testis
b) Effects on vary

c) Effects on uterus.
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CHAPTER . III

e

Cytogenetic Assays in Second Filial (F,) Generation

A, Lethal Test 3

a) At the end of weaning period of the mother.

B, Somatic Chromosome Aberration in F, Generation

a) In embryos of 15 day gestation
b) In F, individual of 3 month old

C, Meiotic Chromosome Aberration in 3 Month 014 F2 Males

"Dy Sperm Count in 3 Month 014 F, Males

E, Sperm Head Morphology in 3 Month 01d F, Males

'F, Histological Studies

a) Effeét on Testis
b) Effect on ovary

c) Effect on uterus,

CHAPTER . IV

——

JTeratogenic Effect .in P, aeruginosa Treated and Control
Pregnant Mice

A, Effects of the log<culture of P. aeruginosa Injected on

1 to 5 days in Females Showing Vaginal Plug against
Nutrient Broth Injected Control and Examined at 15 Day

Pregnancy

B, Histological Studies of Uteri of Control and of Treated
Series Mothers
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CHAPTER . I

Cytogenetic Assays of P, aeruginosa Culture Treated and
Control Mice in Parental Generation

A, Studies on Somatic Cells

a) Effects on bone marrow chromosome at various
intervals 3

It has been mentioned that the effects of log-culture,
isolated bacteria in saline suspension and culture filtrate
in separate sets of treated mice were studied in the bone
marrow chromosome at 14 different intervals between 10 min
to 192 hr against suitable control by Dey (1981). The
effect of heat killed bateria was also studied in few
intervals after injection., The present author also studied
the effect of the log-culture of P. aeruginosa in treated
mice each week for‘7 weeks with a view to exténd the data
and to know ho& long the effect could continue and whether
the aberration effect was present during the mating of the
treated male with virgin females in connection with the
lethal testing programme, It was to know whether the
aberration types were more or less the same at all fixation
intervals and so on.
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a) Photomicrograph of a mormal diploid
metaphase complement in bone marrow

of male mice.

b) Karyotypic arrangement in 5 groups.
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Photomicrograph of a normal diploid
metaphase complement in bone marrow
of female mice.

Karyotypic arrangement in 5 groups.
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MATERIAL AND METHODS

Laboratory bred Swiss strain of albino mice,
Mus musculus of both sexes and of about 3 month old were
used unless otherwise mentioned., Bone marrow cells of
control and of treated specimens were fixed for 7 weeks at
an intervals of 7 days beginning with the 1st week after
the treatment, Two males and 2 females each in control
and treated series were used at each week interval,
Generally 100 metaphase spreads per individual were
assaegsed to determine the aberration frequency and the
data of 4 individuals of control and treated specimens of
each week were combined and presenteéd in the Table 1, The
method of collection of the bone marrow cells and the
cytological preparations of the slides of the control and
treated samples were the same, Specimens of both control
and treated series were intraperitoneally injected with
0404% colchicine solution at the rate of 1 ml/100 gm body
weight one and half hour before the collection of the
tissues unless mentioned otherwise.

Gollection and fixation of bone marrow cells

Following the standard practice, the femur of each
specimen after cervical dislocation was removed quickly
and the surface was cleared by the surgical guage. The
bone marrow from the femur of both control and treated
specimens was collected in separate centrifuging tubes
immediately after cutting two ends of the femur and
pushing warm (37°C) 1% sodium citrate solution through one
cut end by the hypodermic syringe and collecting the fluid
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along with bone marrow comming out through the canal at the
other end of the femur. The process was repeated to make
sure that the maximum number of cells were flushed out.

The collected bone marrow cells in citrate solution were
brought into suspension by repeated flushing the fluid

by a micro pipette., The centrifuge tube was then kept in a
thermostatic water bath (37°C) for about 15 min, The tube
was then taken out, flushed again and centrifuged for about
10 min at 1000 rpm, The supernatant fluid was discarded and
the cells collected at the bottom was fixed in aceto-alcohol
(1:3) by resuspension for at least 15 min.

After fixation, the tissue was again centrifuged at
1000 rpm for about 10 min and the supernatant fixative was
removed, The fixed material was resuspended in left over
aceto-alcohol fixative.

Preparation of slide and staining Clean grease free
slides kept in a jar containing 50% alcohol and stored in a
refrigerator were taken out. A drop or two of the fixed bone
marrow cell suspension was put at one end of the chilled
slides and the slide was touched immediately to a flame to
catch fire, It was left in slanting position to burn out
the alcohol when the cells spread over the slide along with
the down-ward flow of burning alcohol and fixed on the
surface, After further drying in air, the slide was stained
in diluted Giemsa stain (one part Giemsa stain mixed with

20 parts distilled water with pH 7.2 adjusted by phosphate
buffer) for about one and half hour. After staining, the
slide was rinsed in water, dried in air when it became ready
for observation.
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Control sereis 3

In control series each specimen was intraperitoneally
injcted with freshly prepared nutrient broth at the rate
of 1 m1/100 gm body weight and the assessment of chromosome
aberration if any was made from the tissue fixed at the
desired interval (Table 1), '

Treated series @

The freshly prepared nutrient broth was inoculated
with a loopful of the stock culture of P, aeruginosa and the
bacteria were allowed to grow upto the log phase in medium.
A regular recording of time against growth of the bacterial
cells by colorimetric reading was made. The number of
bacterial cells at log phase was determined by the standard
bacteriological dilution plating method and it was approximately
17 x 10’ cells per ml, The log phase culture of P, aerugincsa
was intraperitoneally injected at the rate of 1 ml/100 gm
body weight of the mouse. The bone marrow cells of the
specimens were fixed at the desired intervals corresponding
with the control (Table 1), Almost the same mumber bacterial
cells were injected in the present study as was used by
Dey (1981).

In order to verify if the chromatid breaks were
nonrandomly distributed or not, 40 chromosomes of the
diploid complement were arbitraril& put in 5 groups and their
proportionally with regard to nurber and relative percentage
length were determined adcording to the method described
elsewhere (Crippa, 1964; Manna, 1971; Manna and Das, 1972).
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RESULTS AND COMMENTS

As compared to the treated sertes, the the frequency
of chromosome aberrations in the bone marrow cells of
control specimens fixed in 7 weeks was relatively low and
some of the aberration types were not regular in
appearance (Table 1).

In the treated series the different types of
aberrations were put arbitrarily into two categories. as
individual types and gross types (PM 1-10; Figs, 1=20). 1In
case of individual types some chromosomeé of the whole
complement were affected (PM 1-9; Figs. 1-11 and 14-20) whil
in gross type the whole complement was affected (PM 10).
Sometimes, there were overlapping cases. (PM 7-9). In scoring
the data.if a plate contained both types of aberrations,
it was considered under one category and not in both. The
individual type aberrétions were in the form of
chromatid break (PM 1-4; Figs. 1-11), acentric-fragment
(PM 4; Figs. 12, 13, 17),translocations (PM 7-8; Figs. 14-
17, 20) etc., representing the breaks with the possibility
of genetic implication and'gap (PM 5; Fig, 19) and
constriction (PM S5; Fig. 18) as physiological type. Some
plates contained more than one individual type aberrations.
The occurrence of isochromatid breaks or constriction was
rare, The translocations occurred in the form centric fusion,
terminal chromatid fusion, ring etc. (Table 1), Besides them
there were good many cases of precocious centric dissociation
which occurred differentially in different groups of
chromosome (Table 2). An analysis of the data (Table 1) would
show that among the individual éypes, the occurrence of
chromosomes with precocious separation of chromatids was
highest of all and the next one was the translocations.



Explanation of Photomicrographs

Photomicrographs (PM) of affected metaphases in the bone
marrow cell of mice for the injection of culture of

Pseudomonus aeruginosa

PM 1. A faint distal chromatid break in a group I
chromosome.

PM 2, A centric fusion and a mid-region chromatid
breakiin‘a group I chromosome.

PM 3, A ring, a fragment of unknown origin and a
chromatid break in a group II chromosome.

PM 4, A mid-region chromatid breaks in a group IIX
chromosome and a fragment.

PM 5, Isochromatid constriction, gap etc,






Explanation of Photomicrographs

Photomicrographs (PM) of affected metaphases in the
bone marrow cells of mice, for the injection of

Pseudomonus aeruginosa culture

PM 6,
PM 7,
PM 8,
PM 9,
PM 10,
M 11,

A distdl chromatid break in group I chromosome;
A centric fusion and partly stickiness in
chromosomesg.

The exchange or association of two chromatids and
general stickiness.

A proximal chromatid break in a group III and
centromeric dissociation in group V chromosome
and some with beaded structure,

A polyploidy metaphase.

Metaphase with the stickiness in chromosomess






Explanation of fiqures

Camera lucida drawing of the affected part of metaphase
plates showing different types of aberrations.

Fig. 1.
Fig. 2,
Fige. 3.
Fig. 4.
Figa -5,
Fige 6.
Fig. 7s
Fig, 8.
Fig. 9.
Fig. 10,
Fig. 11.
Figs. 12
Figs. 14
Pig., 16.
Fig. 17.
Fig. 18.
Fig. 19.
Fig. 20.

A proximal chromatid break in a group I chromosome.

A mid-region chromatid break in a group I chromosome,
A distal chromatid break in a group I chromosome.

A proximal chromatid break in a group II chromosome.

A mid-region chromatid break in a group II chromosome.
A distal chromatid break in a group II chromosome.

A proximal chromatid break in a group III chromosome.
A mid-region chromatid break in a group III chromosome.
A chromatid break in the distal region of group III
chromosome.

A proximal chromatid break in a group IV chromosome.

A mid-region chromatid break in a group IV chromosome.
and 13, A fragment of unknown origin in each

and 15. A centric fusion between two chromosomes in each.
End to end association between two chromosome.

One ring chromosome and an unknown fragment.

A chromosome with constriction in one arm.

A gap in the middle region of a chromosome,

A centric fusion between two chromosome and the

centric dissociation in a group V chromosome.
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N

Each individual type aberration was not regular in

appearance and their number fluctuated erratically at
different fixation intervals., If the individual type aberra-
tions were taken together, the net frequency-increase in
treated series over control was 23,0% in 1st week, 21,50%

in 2nd week, 26,0% in 3rd week, 18,25% in 4th week, 32.85%

in 5th week, 34.0% in 6th week, 16.75% in 7th week and

24,53% in the average of all weeks taken together (Graph 1).
Therefore, though the data were fluctuating between 16.75%
(7th week) and 34,0% (6th week), the difference in all
invervals was significantly high indicating that the treatment
of log culture of P, aeruginosa continued to induce high
frequency of aberration than %hat of control.

Since there were good number of centric dissociation
cases and the genetic significance of which was uncertain,
their the frequency at different week if eliminated, the
net increase in the individual type aberration frequency
would come down to 9,75% in 1st week, 10.25% in 2nd week}
8:25% in 3rd week; 6.0% in 4th week, 9,25% in 5th week, 5.5%
in 6th week and 9,0% in 7th week. Even then the fregquency
of aberration was significantly high implying that the
clastogenic potentiality of the bacterium continued as long
as 7th week after the injection.

The frequency of gross type aberrations like
individual types also fluctuated in different weeks and
. there was no regular mode (Table 1). The net increase in
the gross type aberration freguency over control was 12,5%
in 1st week, 5.75% in 2nd week, 5.25% in 3rd week, 17.25%
in 4th week, 6.6% in 5th week, 12.75% in 6th week and 16,25%
in 7th week.
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If data of both individual and gross type aberrations
were combined, the net increase in aberration frequency
in the treated series over control was 41,50% in the 1st
week, 38,50% in the 2nd week, 38.25% in the 3rd week, 39,0%
in the 4th week, 42,50% in the 5th week, 57.25% in the 6th
week, 31,50% in the 7th week and 41.14% in the average of
all weeks taken  together, The' combined aberration frequency
data of the control and of treated series were subjected
to statistical analysis and in every week the difference
was significant at various level,

If the aberration data of all weeks were combined,
dut of 2800 metaphase in control series examined in seven
weeks, there were 11 chromatid breaks, 5 fragments, 17
translocation or association, 7 gaps and constriction and
50 centric dissociation making a total of 92 or 3,28%
individual type of aberrations. On the otherhand out of
the 2800 metaphases examined in the treated series, there
were 73 chromatid breaks, 31 acentric fragments, 147
trgnslocation and association, 13 gaps and constriction and
507 centric dissociation making a’'total of 779 or 27.82%
which was much hicgher than that of control (Table 1), The
net increase was 24,54%., Further, if the cases of centromeric
dissociation were excluded, the frequency of individual type
of aberrations would become 1.5% in control series and 9,71%
in the treated series, Thus the net increase was 8,.21%
which indicates that the treatment induced much higher
aberration fregquency, Further in the combined data of 7 weeks,
out of 2800 metaphases there were 104 or 3.71% gross type
aberrations in the control series dgainst 21.57% in the treated
series. If both individual and gross types were combined -
the average frequency was 7.82% in the control series against
48,98% in the treated series making an average net
increase of 41,.14%.
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nnent $

The present study revealed that the aberration
effect continued in quite high frecuency till 7th wesk,
the last fixation interval, Therefore, it would inply
that the aberration effect was possibly duse to some genetic
changes induced by thce bacterium and the €luctuation in the
frequency at different intervals might be due to increase
and decrease of the population of the cells incorporating
the mutated chromosome. Manna (1984) postulated a hypothesis
on the genetic control 0f chromosome aberration in which it
has been advocataed that there might be some loci in the
chromosome which under normal condition maintain the structural
integraty but when mutated due to the effect of some mutagen
it might lose contrel, This would lead to the occurrence
of simple various type aberrations. This hypothesis has
also been applied to explain the chromosome aberration
ocbserved in F1 and Fz generations of the treatced series,
The presents&aymxﬁﬁhbscribeﬂ tc the same view, That
the behaviour of chromosome is under genetic control has
been advocated by Cupta (19853, b) though it was concerned
with meiotic pairing (vide infra) but we postulated its
bearing on the appearance ¢f chromosome aberration in
treated parent and in the treated line of F1 and Fa as
compared to the regpective control. )



Table 1

Chromosome aberrations in bone marrow cells of mice intraperitoneally injected with log-culture
of bacterium, P. aeruginosa (Control data given in breackets). 100 cells/inciv. were counted
and 2 males and 2 females, Fixation were sacrificed in both control and treated series

. Total . Individual type aberrations Gross_type aberrations Grand Net
Fix cells Break type Physio.type  Total Num, Others Total total incr.%
Tme count Chro-~ Frag. Trans Cons & Part, change
mat. Asso., Gap group
c.D,
lsr Wk 400 6 4 31 - 63 104 50 52 102 206 41,50
(400 ) (=) (1) (1) (=) (10) ( 12) ( 6) (2) ( 8) ( 40)%
MmNk 400 3 4 36 2 50 97 85 34 89 174 38,50
(400) (3) (1) (2) (=) (5) (11) (2) (7 (9) ( 20)°
Wk 400 9 8 23 - 79 119 33 33 66 185 38,25
(400) (1) (=) (4 (2) (8) (15 (9) (8) .(17) ( 32)€
uRwk 400 11 4 16 - 52 83 22 73 95 178 39,00
(400) (1) (=) (5 (1) (3) (10) (5) (4) ( 9) ( 22)9
shwk 400 16 6 19 3 106 149 30 33 63 212 42,50
(400) (3) (=) ¢ 2) (1) (12) ( 18) (15) (9) (24) ( 42)8
Wk 400 5 5 18 1 122 151 52 60 112 263 57.25
(4000 (2 (1) (2) (2) (8) (15 (10 (9) (19 (347 g
1wk 400 23 8 4 7 35 76 7 70 77 153 31.50
(400) (1) (2) (1) (1) (4) ( 9) (14) ( 4) ( 18) ( 27)°¢
2800 73 39 147 13 507 779 249 385 604 1371 41,14
(2880) (11) (5) C17) (7) ( 50) ( 92) ( 61) ( 43) (104) ( 219)2

a = PC0.,001, b = PLO.01, ¢ =PL0.02, 4= P<0.05, e = PD0,05
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Centromeric Dissociation @

The high incidence of precocious separation of
chromatids of chromosomes was noted while making the
aberration study, Thus with a view to finding out if
there was any differentlal effect in different groups of
chromosome, the data of the control and treated specimens
were analysed (Table 2), The frequency was highest in the
single pair of chromosomes belonging to group V while it was
negligible in chromosomes belonging to group III and
group IV in the control specimens, On the other hand, in
the treated series the occurrence of precocious centromeric
separation was seen in chromosomes belonging to all five
groups but it was relatively very low in chromosomes
belonging to groups I and 11, An analysis of the data
showed that in the control series, out of 400 metaphases
examined in each week, there were 3 in group IV, 5 in
group V in the 1st week, 5 in group V in the 2nd week, 4
in group IV and 9 in group V in the 3rd week, 6 in group V
in the 4th week, 1 each in group 1, 3, 4 and 9 in group V
in the 5th week, 2 in group III, 1 in group IV, 6 in group
V in the 6th week and 4 in group V in the 7th week. Thus
out of the total 2800 metaphases examined in 7 week control
series, there were only 1 in group I, none in group II, 3 in
group III, 9 in group 1V, 44 in group V making a total of
57 o¥ 2,03% incidence, On the other hand the frequency of
precocious separation of chromatids belonging to different
groups were significantly high in the treated series, Out
of 400 metaphases in each week, it was present in all groups
with variable numbers having the maximum number in group V.
In 1st week the total was 71 or 17.75% and the increase over
control was 15.,75%. The same trend was shown in 2nd week
also and the total number of chromosome showing precocious
separation was 50 or 12.5% and the net increase was 11.25%
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In the 3rd week (Table 2) it was found in all the groups
except in group I and the total number was 90 or 22,5%

and the net increase was 19,25%., Similarly in 4th week
the total number was 52 or 13.0% and the net increase

was 11.50%. In 5th week the total number was 108 or 27.0%
and the net increase was 24.0%. The frequency was highest
in 6th week, It was found in all but group I1I,- The

total number was 123 or 30.75% and the net increase was
28,50%, In the 7th week it was only found in groups III,
IV and V making a total of 45 or 11,25% and the net
increase was 10,25%. If the data of 7 weeks were combined,
out of 2800 metaphases of the treated series, there were 4
in group I, 5 in group II, 102 in group III, 133 in group
IV and 295 in group V making a total of 539 or 19,25%

and the net increase over control was 17,21% (Table 2).
Further it was evident from the data that the treatment
induced centromeric dissociation in chromosomes belonging
to all groups but it was very negligible for chromosomes
belonging to group I and group II while in group III it
was 3,64% against 0,1%, in group IV it was 4.75% agalnst
0.,32% and in group V it was 10.53% against 1,75% of the
control series respectively., Moreover, if the number of
chromosomes belonging to different groups was considered,
it was 20 in groub III, 6 in group IV and 2 in group V
indicating that group V was wvery wvulnerable and the

next one was of group 1V, '

The genetic significance of precocious centromeric
dissociation is not known but the differential response
in the treated seriesw was highly peculiar and the reason
for which was not known. It was noted that for preparation
of the chromosome of both control and treated specimens,
they were injected with 0.04% colchicine solution 1.5 hr
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before taking the tissue. Therefore, one might suspect
that it was due to colchicine effect., But it would not
explain so much differential response and more specific

Table 2

Compiled Data of Frequency Distribution of Centromeric
Dissociation in Five Groups of Chromosomes per 2 males
and 2 females determined from 100 Metaphases per
Individual of Contreol and Log-culture of P, aeruginosa
treated mice, Control data given in Brackets.

Fix, No,of Total Groups of chromosome Grand Net
time indiv, cells I I IIX Iv v total incr
count * %
1 wk 4 400 1 1 19 16 34 71 15,75
(4) ( 400) (~) (-) (=) (3) (5) (8)
2 wk 4 400 1 1 13 15 20 50  11.25
(4)  ( 400) («) (=) (=) (<) (5) (5)
3 wk 4 400 - 1 32 20 37 90 19,25
(4) ( 400) (<) (-) ( =) (4) ( 9) (13)°
4 wk 4 400 - 1 6 8 27 52 11,50
(4) ( 400) (=) (=) ( =) (=) (6) (8)
i N
5 wk 4 400 - 1 11 26 70 108 24.00
(4) { 400) (1) (=) ( 1) (1) (9) (12)
6 wk 4 400 2 - 18 35 68 123 28.50
(4) ( 400) (=) () ( 2) (1) (6) (o9)
7 wk 4 400 - - 3 13 29 45 10.25
(4) ( 400) (=) () ( ) ( =) (4 (4)
Total 28 2800 4 5 102 133 295 539  17.21

(28) (2800) (1) (-) ( 3) ( 9) (44) (57)

*Statistical significance of difference P 0,001 in each week,
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.for chromosomes of group 'V It seemed that smaller group
of chromosomes had’ defec*ive centromere because similar
differential responses were observed in our laboratory by
other workers using different mutagens, The differential
Sequence of the separation of chromosomes has been recorded
by some other workers in hone marrow cells of different.
materialsy In Rattus norvegicus Sequential separation of
chromosomes in anaphase of bone marrow of colchicine treated
specimens was, S "that it was highest in No, 1 (largest sT),
followed by NO,.IS-ZI, 2y 3 and 5«14 while No. 14 (smallest
ST) was last to separate (Sarihyan and Singh, 1985), It
“has also been claimed Farook and Farook, 1985) by analysis
of C~banded and non-C-banded mitotic chromosomes that in man
Noy 2 was earliest and D group was last to separatej in cattle
the centromere of XX and XY separate earlier than any of the
auytosome and again ‘the active X of 2Xs in female separate
earlier than the passive X~chromosome; in mouse the ¥ . R
separates. first followed by the rest and so on@~ It was .
opined (Ferook and Farook@ 1985) that the chromosomes with
c-heterochromatin Separafe later than that of without
Cgheterochrdmatin which is however, questionable from various
observations. Anyhow, the centromeric separation cbserved
_in our present study in ¢ontrol and log-cﬁlture of
' Pseudomonas treated mice and same in F1 and F2 generation
(vide infra) would favour the. genetic control though precise
mechanism is yet to be studied,

NOnrandom distribution of chromatid breaks in Pseudomonas
treated mice $

o

While scoring the data the occurrence of individual type
of aberrations appeared nonrandom. With this in view 74 '
chromatid breaks observed in 2800 metaphase of the treated
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specimens were analysed for their group-wise and region-
wise distribution. An analysis of the data (Table 3)
showed that in group I, the observed number was 21 against
74 and 11:85 expected numbers respectively, It appeared
not so glaring for chromosomes belonging to group II
because the observed number was 20 against the expected
number of 14,8 calculated numerically and 19,10 calculated

Table 3

Analyses of group-wise and region-wise distribution of
chromatid breaks in bone marrow cells of P. aeruginosa

£, mem b o e, . .
(‘:\fs‘: TR T treated mice in sevén weexs.

ST Ems DL T

Region Groups of chromosome Total

from I IT TII TV v Obs EXp.
centro.

{

Proximal 7 6 3 1 - 17 24,66
Migdle 6 4 10 2 - 22 24.66
Distal 8 10 16 1 - 35 24.66
Total Obs. 21 20 29 4 - 74
Expected 7.4 14.8 37.0 11.1 3.7 74
per No. )
Per % 11.85 19,10 34.61 6.70 1.74 74

length
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per percentage length. Therefore, chromosome belonging

to group I and also possibly group II seemed more
susceptible to thé chromosome breaking property of
Pseudomonas. On the o6therhand chromosome belonging to
groups III, IV and V were somewhat resistant because the
observed number was lower than that of expected number
calculated as per number or relative percentage length.

On the whole it could be generalised that there was
differential response and the breaks were nonranddmly
distributed in different groups of chromosomes, It is
interesting to point out that the analysis of the chromatid
breaks in the log culture, cultural filtrate, the bacteria
in saline suspension and heat-killed bacterial suspension
treated mice induced similar types of nonrandom distribution
of chromatid breaks in ¥ive groups of chromosomes (Dey, 198%).
Therefore, two independent sets of data focussing the same
result would confirm that the breaks were nonrandomly
distributed between different groups of chromosomes.,

The nonrandom distribution of chromatid breaks in
different regions of the chromosome (Table 3) also showed
that the distal segment was most vulnerable and the proximal
region was somewhat resistant as compared to the expected
number théugh data in some groups were insufficient. Similar
non-random distribution of breaks in different regions of
the affected chromosomes were also seen earlier by Dey (198%).

_In mice, the chromatid breaks induced by various
chemical and other agents were 'also found to be nonrandomly
distributed bétween and within chromosomes. Since the mode
of distribution of the chromatid breaks between and within
chromosome obtained by different collaborators of Manna,
he (Manna, 1975) reviewed the results and opined that the
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occurrence of the nonrandom distribution was due to some
inherent weaker regions in chromosomes which due to some
physioachehical stress break often than other regions,

This has found support from the discovery of heritable
fragile sites in chromosomes in human cancer (see Michelle
and Rowley, 1984; Changati 1985), Rowley (1983) showed

that the remarkable concordance between the chromosomal
location of human cellular oncogene (C-onc) and the points
of breaks involved in certain chromosomal rearrangemént
associated with various cancer., Thus the nonrandom
chromosomal rearrangement was associated with fragile sites
of chromosomes, A flagile site is a region of a chmmosome
which does not take stain, The sites are inherited in

the Mandelilan fashion. Seventeen fragile sites in human
genome have been identified so far, Of these 16 are
autosomal and one is on Xechromosome. The X-chromosome
fragile site is assdciated with X-linked mental retardation
while such information is lacking for autosomal fragile
sites, Weaker region has been seen even in virus chromosome
(stall, 1972) and in other Eukaryotos (see Manna, 1975).
‘Thus the discovery of the nonrandom distribution of chromatid
breaks in chromosomes of mice made by Manna and his
collaborators in early 1970 (Manna, 1971, 1975; Manna and
Das, 1972; Manna and Bardhan, 1973a, by Manna and Mitra,
1971} Manna and Das, 1973) was found to be correct. Even
it was suspected in the study of the X-ray induced breaks
in grasshoppers by Manna and Mazumdar (1967) and in
Drosophila . Therefore, the nonrandom distribution of
chromatid breaks between and within chromosome of
Pseudomonas culture treated mice added more evidence in

the inherent weéaker region of chromosomes of mice as
generalized by Manna (1975).
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b) Micronucleus Test @

The microniucleus test in bone marrow of mice has
been found to be a quicker screening method as a mutagenicity
testing protocol, the development of which was mentioned
before, Mammals when treated with some mutagens, some
micronucleated cells in bone marrow might be seen if a
cell has completed at least one mitosis after the treatment.
Of late this method has also been found to be useful in
evaluating the mutagenic effect in fishes treated with
X~rays, chemicals and Pseudomonas (Hoolflmmn and DeRaat,
1982; Manna and Biswas, 1986; Manna and Sadhukhan, 19852
Manna et al,, 1985; Sadhukhan and Manna, 1984). Besides
peripheral erythrocytes this has been studied in the smear
of gill and kidney cells of some fishes (lit. cit.).
However, MNT has more critically been studied in mammalian
model specially in mouse. In mammals the acurate sdoring
of the micronuclei is rather difficult in myeloblast myelocytes
and erythroblasts because of the presence of the original
nucleus, While their detection is quite easy in erythrocytes
after the explusion of the main nucleus when it could be
found in the anucleated young erythrocytes as a minute round
chromatin material as an obstrusive structure, The number
of micronucleus may vary from one to many in different
affected erythrocytes but one should be cautious about the
artefacts (Evans, 1976). Two forms of micronucleated
erythrocytes could be distinguished (1) the young one termed
as polychromatic erythrocytes stains bluish while (ii) the
old reddish tinged micronucleated erythrocytes are called
as normocytes., Therefore, there are three types of
micronucleated cells s (i} Myeloblast when the main nucleus
is present, (ii) polychromatid erythrocyte with bluish tinge
and (1i1i) normochromatic erythrocytes with reddish tinge in
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the May-Grienwalds Eosin-Methylen blue - Giemsa preparation
(vide infra).

Micronuclei are formed from laggards or from
asymmetrical exchanges while symmetrical exchanges and other
simple type aberrations would not be detectable by MNT which
is a draw back in the MNT, However, the advantage are many.
and the limitations are few., It is generally formed by
the extrusion of the acentric fragment from anaphase group
of chromosome which formed a round structure in the
cytoplasm and would persist until it was made to disappear
by the action of cytoplasmic enzyme-nuclease and proteases..
Ionizing radiation and odd chemicals helonging to alkaldting
agents, antimetabolites, drugs, antibiotics etc, were found -
to be strongly positive for MNT studied by various workers
while Manna and his collaborators in addition. to X-rays and
odd chemicals using bacteria (Goswami and Manna, 1984;
Sadhukhan and Manna, unpublished) and some species of
Aspergillus (Manna and Kundu, unpublished; Manna and
Chakraborty, unpublished), The present author has also
used MNT as an additional evidences of mutagenic property
of P, aeruginosa which was not carried out before.

Experimental procedure,Results _and Comments

About 3 week old mice of both sexes in separate
sets were intraperitoneally injected only once with 1 ml.
2 ml and 3 ml dose of the log-culture of P. aeruginosa
per 100 gm body weight, However, specimens injected with 2
ml and 3 ml doses did not survive long for which the study
was carried out only for the treatment of 1 ml dose by
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’

collecting the bone marrow after 24 hr. The common practice
~ of injecting the same dose again after 24 hr and fixing

the material 6 hr after the second injection was avoided

as it was fatal., Different set of mice infected with
nutrient broth served as control, Bone marrow cells of the
control and treated specimens collected in citrate solution
and smeared preparations were made on clean grease free
slide like blood smear, Since in MNT, the cells are
required to complete one mitotic cycle after injection
(about 22 hrs are taken for the completion of the cell
cycle in mice, (Dewey and Humphrey, 1962) the study was made
after 24 hr. From each specimen of 2 males and 2 females
injected, 1000 polychromatic and the same number of
normochromatic cells with or without micronuclei were
recorded, The average of 4 specimens of treated and control
series was taken to compare the result determined for
comparison.

The separate collection of bone marrow cells in 1%
sodium citrate solution of control and treated specimens
without injecting colchicine was done following the standard
procedure, The suspension-of bone marrow cells in 1%
sodium citrate solution without fixation was smeared on a
grease free clean slides, The smeared slides were
allowed to dry in air, then stained for 3 min in May=-
Gruenwald stain (May-Gruenwald powder 250 gm + methanol
pure 100 ml), followed by staining again with diluted
May-Gruenwald stain for 2 min. The slide was rinsed in
distilled water and finally stained in diluted Giemsa stain
(1 part Giemsa and 6 part distilled water) for about 10 min.
After staining, the slides were rinsed in distilled water
and dried in air, cleared in Xyline for 5 minutes and
embeded in DPPX.
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Observation

The polychromatic erythrocytes contained normally
one per cell but the number and size of micronuclei varied
to some extent in different cells (PMMiAa-f). The data
(Table 4) showed that the frequency of polychromatic
erythrocyte was striking high than that of control. In
1000 polychromatic erythrocytes cell/individual examined
there were 127 or 12,7% against 2 or 0.2% micronucleated
polychromatic chromatic cells in first treated and control
individuals 115 or 11.5% against 1 or 0.1% in 2nd individuals,
137 or 13.7% agains. 3 or 0.3% in 3rd individuals and 140
or 14,0% agaiﬁst 3 or 0,3% in 4th individuals. Thus out of
total 4000 polychromatic cells examined there were 519 or
12,97% polychromatic erythrocytes with micronucleus against
9 or 0,22%.in the control series., Therefore the difference
in the number of micronucleated polychromatic erythrocyte
between treated and control was statistically significant
(p<o0,001),

It was opined by Schmid (1976) that if the frequency
of micronuclel was above 5%, one should be cautious about
inclusion of artifacts influencing the frequency. We were
aware of the same but could not discard the cells for the
simple reason that they were not present in control and
chromosome aberration frequency was very high. Even if
tpe number of micronucleated cells having more than one
was discarded the frequency would still be significantly
higher than control.

Like the micronucleated polychromatic erythwocytes,
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the frequency of micronucleated normochromatic erythrocyte
was also very high, The nature and the number of micronuclei
in the normochromatic erythrocyte was also highly variable
(PM 11B8a~h, Table 4). Morphologically there was not much
difference in the micronuclei types between polychromatic

and normochromatic erythrocytes except the cytoplasmic
background was bluish in the former and reddish tinged in
the latter,

The analysis of the data (Table 4) revealed that
the frequency of micronucleated normochromatic erythrocytes
was 13,10% (175 in 1335 cells) in 1st individual, 14.38%
(205, in 1425)4in 2nd individual, 12.89% (167 in 1295)in 3rd
individual and 6,06% (95 in 1567) in 4th individual and
the average oi four individual (Tsble 4) was 11,.4% (642 in
5622) normochromatic erythrocytes, while in the control
specimens it was 0,3% in 1st individual, none in 2nd
individual, 0,19% in 3rd individual, 0,1% in 4th individual
and the average was 0,14%. Therefore, the statistical
analysis of the data (Table 4) showed that the difference in
frequency of micronucleated normochromatic erythrocytes
between treated and control was highly significant (P< 0,001),
The data also revealed that the frequency of micronucleated
normochromatic erythrocyte cells was higher than that of
polychromatic erythrocyte cells while in the control
specimens, it was almost the same,

Comments s
The number and morphology of micronuclei in both

micronucleated polychromatic and normochromatic erythrocytes
were quite variable and the frequency was also high if the



Explanation of Photomicrographs

PM. 11A

Photomicrographs of polychromatic micronucleated erythrocytes
én bone marrow cells of mice treated with log culture
of bacterium P. aeruginosa.

(a) A cell with one micronucleus.
(b) Two cells each with a micronucleus,
(c) One cell with one and another with 3 micronuclei.
(@) Two cells each with one and another with 4 micronuclei.
(e) Four cells, one with one, one with two, one with 4
and one with séven micronucled.
(£) Two cells, each with several micronuclei.

PM 11B

Photomicrographs of normochromatic erythrocytes
in bone marrow cells of mice treated with log culture

of B, aeruginosa.

{a,b,c). Each cell with a micronucleus.

(d) Each cell with two micronuclei.

(e) One cell with two another with 4 micronuclei.
(£) One cell with 4 micronuclei.

(g) One cell with 8 micronuclei.

(h) Three cells with variable nuwber of micronuclei.
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same was-considered with other chemical treated data
(Schmidt, 1976, 1982), It would appear from the present .
data (Tablg'4 A and B) ‘that the number in polychromatic -
erythrogytes with 1 micronucleus was 13,073 with gﬁuguﬁﬁl;
‘with 3, 044% 2 with 4, 0.1% and with 5 to 15,0:75% and that
of normochromatic erythrocyte with 1 micronuc¢leus was 8,98%;
with 2, 1,1%; with 3, 0.487 with 4, 0.28% and with 5 to -
18, 0,71%.

Therefore, there could be no denial the fact that
the frequency of microncuieated erythrocytes induced by the
treatment of log-culture of P, aeruginosa was significant |
high (P<20 001), It was presuned that since the ‘frequency of
bone ‘marrow chromosome aberration was also very high (Table
i)@ the high incidence of micronucleated célls was also
expected? The frequency was determined ferlnumﬁér of
affected cell itreSpective of the number of micronuclei
they contained. The. high frequency could have beeﬁ partly |
due to gross affected metaphases which undergoing
disintegration by fragmentation and pycnosiss Anyhow
on the whole the data supported the clastogenic preperty
of P aeruginosa in treated mice like that chromosome
aberraticnq



‘Table 4

_Frequency distribution of cells with micronucleus in erythrocytes of Pscudomonas culture
. treated and control mice (Control data are in brackets)

Ind, Without
' MN

T

No}

2

g Of cells with micronucleus :
' 3 4 T 5«15

3

Total

Grand total

MNC %

Pélychromaticverythnocytes

873( 998)

A,

1

2 885( 999)
3 863¢ 997)
. _

860( 997)

11Q(2)

95(-3
117(2)
11;&3)

10(~)

10{1) -

3(1)
13(=)

3(-)
S{=)
2(f)

6 (=)

2(-)
~(=)

L 2(=)

13(9)

10(-)

127(2)

115(1)

| 137(3)
;40(3)_

1000€(1000)
1000(1000)

1000(1000)
"~ 1000(1000)

12,7(0.2)
11.5(0,1)
13.7(0.3)

14.0(0.3)

Total 3481(3891) 433(7)

36(2)

16.(=)

30(=)

| 519(9)

4000(4000) *

12.97(0.22)

B. Normochromatic erythmscytes

1. 1150( 982)

2 1220¢1020)

3 1128(1040)

4 14721 994)

:140(3)
175(-)
131(-)

55(1)

19(-)
15(~)
12(-)
17(=~)

4{=)
7 (=)

9?3}

3(-)

1(a)
8(=)

2(-3-
. 5(=)

114=)

-

14(-)
15(-)

175¢3)

- 205 (=)

167(2)
95(1)

1335( 985)
1425(1020)

1295(1042)
1567( 995)

13.10(0.3)

14.38(0.0)
12.89(0.19)

- 6.06(0.1)

To- 4980(4036)
+31 .

561(6)

62(-)

23(,)

16 ()

-40(;) |

642(6)

5622(4042)*.

11.42(0,14)

*Significance control versus treatea P 0,001
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B, Studies on Male Germinal Cells

a) Effect on chromosomes at different stages of meiosis 3

The study of the effect of a mutagen on the germinal
chromosomes has a special significance because it would
imply possible hereditary change. However, as the material
was not easier for handling, the study of germinal chromosomes
has relatively been limited in comparison to that of bone
marrow chromosomes or in vitro somatic chromosomes. Further

among male and female germinal chromosomes the latter have
rarely been deployed for the study of effect of ionizing
radiations and chemicals (see Brewen and Preston, 1982).

Gilliavod and Leonard (1974) found variation in the frequency
of structural aberrations in oocytes chromoscmes at 24 hour
after radiation. The stage sensitivity of developing cocytes
was studied by Brewen et al. (1976). Brewen and Preston
(1982) listed some 16 chemiéals like antibiotics, sulphur
dioxide, sodium fluride, caffeine, TEM, MMS etc, which were
tested for chromosome breaking property in oocytes,

The effect in male germinal chromosome aberration
was studied relatively more by different workers using
both ionizing radiation and chemicals, Cattanach (1982)
opined that out of different types of translocations, the
reciprocal translocation could be considered as an end point
induced by ionizing radiation and chemical mutagens in
mammalian models, However, the translocation was not
associated with *he phenotypic effect, It was found to
lead to semisterility,reduction in testicular size in male
etc. Snell (1933, 1934, 1935) was pioneer to work on mouse
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reciprocal translocation. Beside ionizing radiation some
radiomimetic.chemical like TEM (Cattanach, 1959); EMS
(Genereso et als, -1974j;Cattanach et al,, 1968), TEPA
\Bpstein, 1973}, Mytomycin-C (Adler, 1974) etc. have
been tested for induction of reciprocal translocations,
Cattanach (1982) tested some 27 chemical mutagens for
their response after treatment to various stages of
spermatogenesiss Anvhow, so far as the present author was
gware the study on the germinal chromosomes aberrations in
testes of mice treated with some living mutagens was
carried out by Manuna and his collaborators using the
bacterial species, Staphylococcus aureus {(Ghosh and Manna,
1984) and Sarchlna lutea (Goswami and Manna, 1984). The
present study carried out by the author on the effect of
log cultuve of P, aeruginosa in the testis cells of treated
mice at various intervals would remove the lacuna because
it was not studied before,

Procedurs §

Male mice of about 3 month old were injected
intraperitoneally with the log-~culture of E; asruginosa
at the rate of 1 ml per 100 gm body weight while another set
of male mice injected with the same dose of freshly prepared
nutrient broth served as controls. FPFach specimen was
pretreated with colchicine solution one hour before the
collection of the tissue., No colchicine injection was given
where the tissue was fixed within an hour, Since it takes
about 6 weeks for A~type cells of spermatogonia to form
mature sperms in mouse (Bateman and Epstein, 1971; Adler,
1982), testes of both control and treated gpecimens were
fixed separately at 18 intervals ranging from 10 min to
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7th week (Tables 5«9).

Immediately after removal the testea of control or
treated specimens were put separately into 1% sodium
citrate solution and the tunica albuginea was removed with
the halp of two fine needles to make the tubules free into
the citrate solution., After about 20 min the tubules were
transferred to a fixing tube containing aceto-alecochol
mixture (133) for a few minute of fixation., Some tubules
were then put on a slide smeared with Meyer's albumen
smeared slide and added with a small drop of 45% acetic
acid, The tissue was squashed between cover glass and the
slide with the moderate thumb pressure, The slide was then
dried in air for 15 to 20 min and put into a jar of 50,0%
alcohol for the detachment of the cover-glass, After the
removal of the cover glass, the slide was brought down to
distilled water and allowed to dry in air. The slide was
stained in diluted Giemsa stain (118), followed by air
firying and mounted in DPX, All the spermatogonial metaphase,
diakinesis and metaphase~II plates &0 encounter 100
metaphase~l plates petr dndividual were assessed, Thus no
uniform number of cells of different stages besides
metaphase-I was maintained in different individual.

Spermatogonial metaphase :

The number of spermatcgonial metaphases to encounter
100 metaphase-I plates per individual varied widely. In
the testes of 3 male individuals examined in each of 18
intervals, the number of spermatogonial metaphases varied
between 5 and 189 fn treated series and 21 to 237 in
control series (Table 5).
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The aberrations in spermatogonial metaphases
(PM 12+167 Figs. 21-27) consisted of individual types in
the form of chromatid break, acentric fragment,
translocation like ring and centric fusion etc, and gross
types 1like numerical changes, pycnosis, stickiness etc.
More or less the same types of aberrations were
encountered both in control and treated series but the
palpable difference was the absence of translocation
types in control series,

The data were not uniform and in some intervals it
was very limited, All types of aberration were conbined to
have larger sample, In the control series it ranged between
1,83% (1 hr) and 16.21% (120 hrs) and the average of 18
intervals was 8,25% (Table 5). On the other hand, in the
treated series the frequency of aberrations ranged more
widely between nil (96 hr) and 62.5% (6th week) and the
average of all intervals taken together was 26,.36% (Table S).
In the treated series the frequency was higher in all but
24 Ir, 96 hr and 3rd week and the net increase over c¢ontrol
was 1,37% at 10 min, 24.25% at 1 hr, 3.,08% at 2 hr, 16.86%
at 4 hr, 12.71% at 8 hr, 11.66% at 48 hr, 10,71% at 72 hr,
17.59% at 120 hr, 13.58% at 144 hr, 48.10% at 1st week,
17.33% at 2nd week, 42.31% at 4th week, 24.67% at S5th week,
54,39% at 6th week, 19,08% at 7th week and 17.11% in the
average of all intervals taken together, If the data of
individual type aberrations were compared, the number of
chromatid break, acentric fragment, and translocation, were
also always hicgher in the treated series but they were
regular in occurrence which was partly due to the limited
data. ©On the whole the aberration data clearly indicated
that the treatment of Pseudomonas induced higher frequency
of chromosome aberrations which continued from the beginning
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Table 5

Control data are in brakcets (3 jndiv, used per interval in both control and treated series)

et nlgne —Siggelim et gemimammtesco, ot % e
Chrmatid Fragment Trans/ .
Asso.
10 min  128( 139) 2( ) “( =) -( =) 2( ) E 8s( 7) 3( ) 6( 7) s( ) 6,40(5,03) }1.37
1 hr 23( 109) -( =) -{ =) 3( =) 3( ) ~( 2) 3( =) 3( 2) 6( 2) 26,08(1.83) 24.25
2 hr 64( 138) -( 1) ~{ =) -( ) ~(1) 8({ 6) -{ 6) 8( 12) 8( 13) 12,50(9.42) 3,08
4 hr 60( 127) -( 2) -( 2) (=) = 4) 6{( =) 6({ =) 12( ) 13( 4) 20,00(3.14) 6.86
8 hr 43( 189 -{ 3) ~(3) (=) «f6) , 6(11) s(6) 11(17) 11( 23) 25,88(12,77) 12.71
24 hr 86 ( 55) -( =) ~( =) (=) ) 1( 3) 7( 3) 8( 6) g{ ) 9,30(10,90) ~f 1,60
48 hr 54( 180) ~( 3) -{3) () (8} 2¢ 3) =) o 3 9( 9) 16w66( 5.00) 11.66
72 hr 57( 174) -( <) -{ =) (=) e ) 1( 6) o( 6) 10( 12) 10( 12) 17.54( 6,83) 0,71
96 hr 5( 33; w( =) w{ =) (=) () ~( ~) »( 2) -( 2) -{ 2) 0.00( 9.52) = 9,52
120 hr 71( 222) 5( ) 3(2) (- 8(2) 10(24) 6(10) 18( 34) 24( 36) 33.80(16,21) }17.59
144 hr 105( 237) 5( 1) 7{ =) ~-( =) 12( 1) 3(25) 13{ 5) 16! 30) 28{ 31) 26,66(13,08) 13,58
ist wk 18( 210) -( 2) -( =) e ) B G ¥, 6{ <) 3( «) 9( ) 9( 2) 50,00( 1,90) 48,10
2nd wk 18( 7s) (1) ~( 2) (=) 3(3) 3( 4) -( 5) 3( 9) 6( 12) 33,33(16.00) 17.33
3rd wk 24( 178) -( ) «{ =) w( =) | w{ ) 2(12) -{ 5) 2( 17) 2( 17) 8.33( 9,55) ~ 1,22
4th wk 36( 172) ~( ) 5( «) 2( «) 7( ) 4(14) 8( 4) 12( 18) 19( 18) §2,77(10.46) 42,31
$th vk 169( 159) ~( =) -( =) - =) =) 35( 3) 12(2) 47( 5) 47( 5) 27.81( 3,14) 24.67
6th wk 96( 234) 2( =) 2( ~) 3( =) T(e) 23(17) 30( 2) 53( 19) 60( 19) 62.50( 8,11) 54,39
7th wk 30( 66) (=) 2= (=) 2(a) ¢ (B 6(3) 6( 5 8 5) 26,66( 7.57) 19,09
Total 1084(2676) 17(13) 19(12) 8( =) 44(28) 118(59) 231(198) 275(221) 25.36( 8.25)

E113(139)
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Explanaticn of Photomicrographs

Photomicrographs (PM) of affected Spermatogonial
metaphase plates in mice treated P. aeruginosa culture.

PM 12,

M 13,

PM 14‘.

PM 15,

PM 1lé.

A chromosome with part of the chromatid deleted.

A chromatid break, a ring chromosome, one fragment
and two constrictions.

A fragment of unknown origin.

A polyploid metaphase with condensed
chromosomes.,

Metaphase with sticky chromosomes,






Explanation of fiaquires

Camera lucida drawing of a part of spermafogodi@i
metaphase showing different types of aberrations.

Fig. 21,"-;

‘Fig.
Fig.
Fi‘g.;t- .
o,

Fig.

23.

2 4 é

25,

2d.

274

Two
One
Two
One
One
One

End

chfoﬁatid breaks
isochromatid break.
fragmeénts of unknown origin.
fragment of uhkhown origin.
centric fusioni

centric fusion.

to end associlation between two chromosomes
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(10 min) to the last (7 week) fixation interval with
fluctuated frequency.

Diakinesis 13

Like spermatogonial metaphase, the frequency of
aberrations in diakinesis cells (Table 6) also ranged
widely in 18 intervals between 38 (1st week) and 187 (120
hr) in control series and from 11 (1st week) to 59 (5th
week) in treated series. The frequency of diakinesis phases
in treated series was relatively low than that of control
specimens,

The aberrations (PM 17«23; Figs., 28«33) in diakinesis
cells were also individual types consisting of chromatid
break, isochromatid break, acentric fragment, multivalent
structure, precocious separation of chromosomes of some
autosomal bivalents, the X and the Y of the sex pair and the
gross types consisted of numerical changes and other types.,
Among the individual type aberrations the frequency of
precocious separation of bivalent and the sex chromosomas
was more than other types. In a total of 743 diakinesis
cells of 18 intervals there were 27 or 3.63% chromatid
break, 11 or 1.48% isochromatid hreak, 22 or 2,36% acentric
fragment, 40 or 5.38% multivalent or bivalent association,
36 or 4.84% precocious separation of autosome in bivalent,
28 or 3,76% precocious separation of X and Y making a total
aberrations of 164 or 22,07% individual types. But if the
cases of precocious separation were disregarded as true
aberration, the frequency of aberration would come down to
100 or 13,45%,., However, if the gross type aberrations were
added, the total frequency would come to 245 or 32,97%, and



X Explanation of Photomicrographs

Photomicrographs (PM) of effected diakynesis cells
in male mice injected with the bacterium, P. aeruginosa
culture,

P 17, A chromosome break and an extra bivalent,
PM 18, A chromosome break and a chromatid break,

PM 19, A chromosome break, a chromatid break and a
multivalent or an association of three
bivalents .

PM 20, An extra-element.

PM 21, An aneuploid cell with 18 bivalents,






Explanation of figures

‘Camera lucida drawing of a part of diakinesis plates
.showing different types of aberrations

Fige
Fig,

Fig.

Fig o

Fig.
Fig.

28.
29.
30.

31.

32.
33.

Chromosome break,
A chromosome break and a fragment of unknown origin.

A chromosome break and a chromatid break.
Chromatid break.

A multivalent structure

A quadrivalent or two bivalent association.
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309 or 41.58% without and with precocious separation cases
respectively, On the other hand, in the control series
(Table 6) out of 1791 diakinesis nuclei examined there were
15 or 0.87% chromatid breaks, 3 or 1.6% acentric fragments,
7 or 0,39% bivalent association, 25 or 1.39% precocious
autosomal separation, 11 or 0,61% precocious sex chromosome
separation making a total of 64 or 3.24% individual types
of aberrations, If the precocious scparation cases were
excluded the number would come down to 28 or 1,43% which
was significantly lower than that of treated specimens,
Further if the gross and individual type aberrations were
taken together, the total number would be 136 or 7.59%

and excluding the precocious separation cases it would be
only 100 or 5.58%. Further, the frequency of aberrations
in diakinesis nuclej at different intervals, it would show
the range between 3.22% (4 hr) and 17.74% (96 hr),

In the treated series the frequency of abérrations
ranged between 1,26% (10 min) and 100% (1st week) indicating
a very wide range of variation. The net increase in the
frequency of aberration in the treated series over control
at different interval ranged between 1.96% (1 hr) and 92.11%
(1st week) and the average increase was 33,99%. On the whole
the data indicated that the freatment of Pseudomonas induced
higher frequency of aberrations in chromosomes of diakinesis
stage than that of control (Table 6) as it was also found in
the spermatogonial metaphase.

Metaphase I ¢

It was &htended to asses 100 metaphase~I plates per
individual as a standard but it could not be maintained in

-



Table 6

Frequency distribution of chromosome aberrations in Diakinesgis of control and log-culture of P. aerugincsa treated male mice fixed at

different intervaxs.

Control data are in bracket (3 ind.

ed per intexrwval)

¢

o

errations

oy

ahiom

oy

Fixation No;ggnizéls — tlngiviaual type dbarratiggg — e ﬁ:;gfzhgng: sherrations Grand total] % Net%incr.
Chroma, Ghromo. Fragment’ Mv/Asso, Autﬁ X &

a
10 min  7:( 50) 3l-) =l =) =l =) 20w (- 6(w ~( =) 2( 2) =2(2) 8( 2) 11,26( 4.00) 7,26
1hr s9( 69) 2( =) =) 20 1(-) -3 201 748 -( 2) (2 {49 s( 8) 13,55(11,59) 1,96
2 hr 48¢ 138) ~{ 1) () () Y ~(1)  «(2) 1185 -{ 1) 5(3) 5(4) 6( 9) 12,244 6,52) 5,72
4 hr 48( 124) 2( 1) 20 =) 1{~) 1(~) 2(~) 101 9(2) -( =) 3¢ 2) 3(2) 12( 4) § 25,00( 3,22) 21,78
8 hr 50( 291) 3( 4) 2( 2) 2(1) () 2(8)  «(~) 9ol® 5(2) 20(-) 25(2)  34(10) ; 68+00( 3,42) 64,57
2 nx  30( 185) L =) =l =) 20 (=) el11) 4(11)  e(11) { 20,00( 5,94) 14,06
48 hr 18( 80) -( 2) 1(-) 1 9 (=) 2( <) a(.) 13f 3) -( ») 3¢ 3) 303 16( 6) § s8.,88( 7.50) 81,38
72 e 92¢ 38)  3( 1 =(2) (=) 106a)  8l=) 6(1) 27(2) ~(-) 1263 1203 39 5) | 42.35(12,82) 20,57
96 hr 25¢ 62) 2( 2) 1(1) 1() 1(2)  ~(2) (=) s{7) ~{ 1) -( 3) - 4) 5¢ 11) | 20.00(17.74)  2.26
120 hr 33( 187) 2( 2) w{ =) 3(w 1(2) 40 1) (=) 10(5) 3( 3) 2(7 s5Q0) 15(15 ) | 42.85( 8.,02) 34.g3
144 hy  24( 95}~ =(-) 20 ) (2} 2(=) (8 «(2) &7 “(1) 1406 1407 18li4 | 75.00014,73) 60,27
. lst wk 11¢ 38) 2{ 1) (=) 1() (=) 18 (s 802 -( =) 6( 1) e6(1 13l 3  100.00( 7,89) 92.11
2nd wk 42¢{ 90} 3( 1) “f =) 2(w) 1(~) 408 «(2) 10(8) 4( 2) ~{ &) 4(2) 144 10) 33,33{11,11) 22.22
3rd wk 36( 68) - =) =) =(1) ~(=) 102} 9Ca) 11(3) 6(-) 13(5) 19(5)  3&l 8) 83.33{11,76) 71.57
4th wk  29( 69) 10 =) (=) 4l 3(1) 4( 1) 2(1) 14(3) ~( =) 3ty 3l sl @) 58.62( 5.79) 52,83
5th wk 500 50} (=) ele) 20 1) 3¢ D 7Y 4aC 1) 1001) 14(2) 810 3 35,59( 6,00) 2959
6th wk 30( 87 2( =)  2(=)  3(~) 1(1) 103 1(3) 88 g(2) 18(3 1s(g 1250 @) 83.330 9.19) 74,14
7th wk 35( 69) 102 (=) 2{= 74-) 201 4l 18(2) -( 2) 7(2) 9(4 230 5) 65.71¢ 7.24) 58,47

‘ e

Total 743¢1791) 27(15) 11(3) 22(3) 40(7) . 36(2%) 28{11) 164(64) 24(17)  121(58)145(78} 309(136) 41.58( 7.59) 33,99
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testes of 3 treated males fixed at 96 hr, 120 hr, 144 hr,
ist week, 5th week, 6th week ané 7th week, In control
series there was no such difficulty (Table 7)., The
inadequate occurrence of metaphase-f was very likely due
to some effect of the treatmené of the bacterial culture
as was experienced in Aspermatogonial metaphase and
diakinesis stage of the treated specimens,

The types of aberrations (PM 22-27; Figs. 34+43)
were more or less similar in nature as found in diakinesis
nuclei, These were individual types consgisting of chromatid
or chromosome break, fragment of unknown origin, translocation/
bivalent association, precocious separation of autosomes in
some bivalents and the X and Y in sex pair. These were also
gross types showing numerical change, stickiness ete,

In the testes of a total of 54 control specimens
examined at 18 different intervals, there were 25 or 0.46%
chromatid break, 3 or 0,05% isochromatid break, 12 or 0.22%
fragment of unknown origin, 42 or 0.77% multivalent/bivalent
association,133 or 2.46% precocious separation of autosomes,
90 or 1.66% precocious separation of X and ¥ making a total
of 305 or 5.64% individual types of aberrations (Table 7).
If the cases of precocious separation of autosomes and sex
chromosomes were eliminated, the aberration frequency would
come down to 82 or 1.51%. Taking all individual and gross
type aberrations together, the average frequency was 413 or
7.64% of which if the precocious separation cases were
eliminated, it would be' 190 or 3.51%, On the otherhand in
the treated series out of 4334 metaphases I, there were
62 or 1,43% chromatid breaks, 18 or 0.,41% isochromatid breaks,



Explanation of Photomicrographs

Photomicrographs (FPM) of affected metaphase I plates
in male mice for the infection of bacterium P. geruginosa.

PM 22. A chromatid break in an aneuploid metaphase I
with 18 bivalents.

PM 23, A fragment, a constriction and two bivalent
association (translocation).

PM 24, A multivalent and scme association with
aneuploid number of 17 bivalents.

PM 25, Precocious separation of autosomes ef bivalent.
PM 26, Precocious separation of the X and Y,

PM 27, Metaphase I plates upper left « 20 bivalents
upper right -« 20 bivalents of which one
precocious autosomal separation.

Lower left - 21 bivalents with precocious
separation of X and Y,

Right - 19 bivalents with a multivalent or
bivalent association.
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Explanation of figures

-

Camera lucida drawing of a part of metaphase I plates
showing different types of aberrations.

Figs. 34 and 35, A chromatid break.

Figs. 36«37, & chromosome break.

Fig.
Fige.
Fig,
Fig.
Fig.
Fig,

38.
39.
40,
41,
42,
43,

A fragment of unknown origin.

A fragment and a multivalents structure.

Two tetravalents or association of two bivalents,
A chain of three bivalents and a fragment.
Precocious separation of sex chromosome.

Precocious separation of autosomes and sex chromosome.
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47 or 1,08% fragment of unknown origin, 174 or 4.01% translo=-
cation or association, 265 or 6,.,11% precocious autosomal
separation, 134 or 3,09% precocious separation of X and Y
pair making a total of 700 or 16,15% individual type
aberrations of which if the precocious separation cases

were eliminated, the number/) of aberrations would come

down to 301 or 6,94% which was, however, much higher than
that of control specimens, If the gross types and indlvidual
types were combined, the number would be 1180 or 27.27% out
of 4334 metaphase I plates, If the number of precocious
separation cases was disregarded, the total number of
aberrations would come down to 781 or 18.02% but it was

much higher than that of control indicating theréby that

the treatment of Pseudomonas induced much higher frequency
of chromosome aberrations in metaphase I like that
spermatogonial metaphase and diakinesis stage.

If thelﬁrequency of chromosome aberrations at
different intervals (Table 7} between the control and treated
specimens were compared, it was found to be always higher
in the treated series and net increase in the treated was
11.33% at 10 min, 5.34% at 1 hr, 1.34% at 2 hr, 5.66% at 4
hr, 23.34% at 8 nr, 23.67% at 24 hr, 9.66% at 48 hr, 11.67%
at 72 hr, 7.0% at 96 hr, 19.,84% at 120 hr, 22.14% at 144 hr,
22,75% at 1st week, 27.67% at 2nd week, 28.67% at 3rd week,
35.0% at 4th week, 40,52% at 5th week, 65.93% at 6th week,
26.42% at 7th week and 19,56% in the average of data of all
intervals taken together (Table 7).. The inclusion of
precocious separation of autosomes of sex chromosomes had
increased the frequency of aberrations but even their
exclusion would no()boubt show thatnthe treatment of P.
aeruginosa induced ﬁigher frequency of aberrations even if




Frequency distribution of chromosome aberration 4in metaphase

- gt different intexvé@s. Control data are in bmackets (3 indl
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Fixation No.of cells Indgzégﬁaévgga_—éberrat{énsEreqjvs a Total %ﬁﬁfghgigg ag:gg;;&gggoéal Grand total * Natééﬁgt‘
counted Ghroma, Chromo. Fragment iﬁﬁ?a’ Agtosoms X & ¥

10 min  300( 300) 8l «) 2(w) 2( =) 5( ) 12( 3) 7(-) 36 3) 3{ «) 3( 3) 6{( 3) 40( 6) 1183,33{ 2,00) 11,38
i hy 3000 300)  6{ w) 1(=) 7{ =) 5(~) 4 7) 14(8) 37( 15) -( 3) 2( 8) 2( 8) 39¢ 23)  113.00( 7.66) 5434
2 hr 300{ 300} - 2) 2(w) 3(2) 101 4) 4 7 3¢ 8) 22¢ 20) 4( &) 4( ) gl 6) 30( 26) .10,00( 8.686) 1.34
4nr  300( 300) w( 1) Wlw)  4(=)  7(2) 12( & 11{8) 38t 17) 1 1) () 10 1) 35(18) 11,66 6.00) 5,66
8 hx 300{ 300) 2¢ 4)  1(<) 3¢ 2)  13( 3) 2405 ) 8 3)s50(17) 27(s) 16( -) a3( s) 93( 23) 31,00( 7.66) 23,34
24 hr 300( 300) 3{ w) (=) 2(~) 20(2) 6( =) 3(2) §( & (< 4807 480D 82f 11) 27,33 3,66)  23.87
48 br 300( 300) 207 (1) ~{3) 10(4) 5( 4) 6{1)23(2) 10« 26(1) 27 1) 50( 21)  16,66( 7.00) b.56
92 hr 300( 300) o 1) «fw) -( =) 11¢.3) 20( 7) 18{ &) 49¢16) ~( ) g(6) 8( 8) 57( 22) 19.00{ 7.33) 11,67
96 hr *300{ 300) 2(3) () ~{ 1) 4¢ 3) 3( 's) 5{ §) 14( 18) 1{ 3) 3(12) 47 18) 18{ 33) 33 .00(11.00) 7,00
120 hr €204 300) 73 =i-) 2( =) 30 4) 230 44) 4(9) 39( 28y 24( 9) 4¢ 2) 28(11) 67¢ 39) §2~84€13 00) 19.84
144 hr *175( 300) ~f e A € - =) 4( 2) 6( 38) ~(13) 10( 27) 171 4} 31¢2) 48( &) 58( 33) 3.14(11.00) 22.14
1st wk  * 806 300) 3 1) (s (=) (3 2l & 37 slisy 1(2) 14(1) 15( 3)  23( 18) 38.756 6.00) 32,75
2nd wk 300¢ 300) 6{ 2) 5(~) 4( =) 64 =) 60( 19) 2( 6) 83t 27> 32( 5) ~{ «) 32( 5) 115¢ 32) 38.33(10,66) 27,67
3rd wk 300( 300) 2({ «) 1(s) 5( 1) 36( 2) 18( 8) «( 3) 62( 14) 180 =) ~ 26( 5} 43( 5) 105{ 19) 35,00( 6.33) 28.67
4th wk 300( 300) 6( =) «l=) 70 -} 12( 5) 31(8) 19(2) 750 18> 30( 2) 22( 5) 52( 7) 127( 22) 42 33( 7.33) 35,00
5th wk *175( 300) 2( »)  2(=) 3{ -) 2( 2) 12{ 8) g€ 3) 29¢ 13y 21(4)  32(2) 53( @) 82( 19) 46 ast 6. 33) 40.52
6th wk  *135( 300) 4{ +) 4(s) 2¢ =) 5{ 2) 12(10)  15€ 5) 42{ 17)  24( 2) 32( 1) 56¢ 3) 98( 20) 72.59( 6.66) 65,93
7th wk  *165( 300) o( 3) ~{2) 3( 3) 22( 2) 11( %) 8( 4) 53¢ 19) ~-(4) 6 B5) 6( 9) 59( 28) %5.756 9,33) 26 442
Total 4334(5400) 62(25) 18(3) 47(12) 174(42) 265(138) 134(90)700¢308) 203(51) 277(s7) 4s0(108) 1180(413) %7.22( 7.64) 19.56

* Not possible to cbllecﬁ 300 plates.

|
%
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that type was excluded at metaphase I as experienced

in other stages mentioned before. Moreover, since at
metaphase I, the number of plates examined both in control
and treated series was the same in most of the intervals,
the comparison was more effective and suffered no
limitation of data as found in spermatogonial metaphase
and diakinesis stage. However, frequency at different
intervals did not show a regular mode (Table 7 Graph 2).

Metaphase II

The frequency of metaphase II to encounter 100
metaphase I per individual was lower and in the combined
data (Table 8) of three treated individuals, the total
number ranged between 16 (1st week) and 233 (72 hr). 1In
the contreol series it ranged between 30 (96 hr) and 204
(72 hr) among 18 fixation intervals between 10 minute and
7 week, However, the scoring of data in this stage was
handicapped for the prevalence of sticky effect in
chromosomes and their unfavourable disposition. The
aberrations as in other stages were of individual types
consisting of (PM 28«32; Figs., 44-55), chromatid break,
fragment of unknown origin, constriction, gap etec., and
gross types showing numerical change and stickiness,
pycnosis etc,

In a total of 1472 metaphase-II plates examined in 54
treated male individuals, there were 131 or 8.90% chromatid
breaks, 58 or 3.,94% acentric fragments, 23 or 1.56%
translocation or association, 13 or 0.88% constriction or
gap making a total of 225 or 15.29% individual type aberrations
(Table 8). The individual and gross types taken together,



Explanation of Photomicroqgraph

Photomicrographs of metaphase II showing different
forms of chromosome aberrations in log culture of
P, aeruginosa treated male mice

PM 28. A normal metaphase II plate:

PM 29, Chromosome with chromatid breaks, constriction,
gap etc,.

PM 30; A fragment and some chromosomes with early
centric dissociation.

PM 31, Sticky chromosomes with one ring like structure.
FM 32, Two chromatid break and one centric fusion.

PM 33. One constriction.
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Explanation of Figqures e

Camera lucida drawing of a part of metaphase II showing
different types of aberrations treated with bacterium,

Pseudomonas aerudginosa in male mice Mus musculus,

Fig,
Fig,
Fig,
Flg,
Pig.

Fig,
Fige.
Fiq,
Fig.

Fig,

Figs,

Fig.

44,
45,

46,
47,

48."

49,
50.
51.
52,

53.

54,

55,

A chromatld break in the terminal region.
Two chromatid breaks in two chromosome,

A chromatid break,

A chromatid break,
A fragment and a chromosome with early centric

separation.

A chromatid break and a constrictién.
A centric fusion,

A centric fucion,

A constriction.

A ringe-like structure formed due to
stickiness.

End to end association between two chromosomes.

A chromosome with early centromeric dissociation,
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the total number was 627 or 42,59% while in the same number
of control male out of 2433 plates examined, there were 34
or 1,39% chromatid breaks, 14 or 0,57% fragments making a
total of 48 or 1,97% individual type aberrations. Thepe
with gross types taken together, the number was 342 or
14,06%, Therefore, the net increase in the aberration
frequency was 28,53% in the treated series. If the aberration
frequency between control and treated series at 18 different
intervals were compared, it was always higher in the
treated specimens except that 24 hr (Table 8) though the
data were not very adequate, The net increase was 15,14%
at 10 min, 17.05% at 1 hr, 11,05% at 2 hr, 15,72% at 4 hr,
11,78% at ()8 hr, -4.74% at 24 hr, 20.83% at 48 hr, 15,03%
at 72 hr, 5,29% at 96 hr, 39,18% at 420 hr, 24.63% at 144 hr,
66.92% at 1lst week, 44.23% at 2nd week, 58.25% at 3rd week,
65.92% at 4th week, 55.25% at 5th week, 66.36% at 6th week,
47,99% at 7th week and 28,53% #n the average (Table 8),

Comments 3

\

The data of the net increase of aberration frequency
in chromosomes at spermatogonial metaphase, diakinesis,
metaphase I and metaphase II when compiled (Table 9) were
found what there were some amouht of differences at
different stages though in all cases it was higher than the
respective controls. However, the present data suffered
some limitation because the equal number of cells could
not be studied. Some aberrations included in the data
might have no genetic significance and so ons Therefore,
we refrained from claiming definitely the stage sensitivity
though there was some indication. If the aberration
frequency of all meiotic stages were combined the net
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increase in the frequency was 14,62% in the treated series
(Table 9). In the bone marrow cells, the net increase in
aberration frequency was 41.14% (Table 1) indicating that tre
bone marrow chromosomes were more sensitive than‘the germinal
chromosomes, Differential sensitivity between somatic
chromosome and germinal chromosome has been recorded by
earlier workers in specimens treated with X-rays. The
present study also indicated differential responses in
chromosome aberrations in different stages of meiosis

and it was highest at diakinesis and lowest in
spermatogonial metaphase for the treatment of P,.
aeruginosa’ but' much more critical study was needed to

have a definite claim. On the whole it could be

concluded there was effect in chromosomes of both

germinal and somatic tissue.



Table 8

Frequency distribution of chromosome aberration in Metaphase II of contrxol and log-culture of P. geruginosa treated male mice at different
intervals, Control data are in brackets (used 3 indv/per interval in both control and treated)

1

-
Lo i " "

' Pix,time Total Individual tvpes S ——Ofosk type Grand total % Negt incr. %
MM.WMM& nwawum.x m.nmw. J.W.Mmmww o/ nouawamb - wn.o.w = Others fotal m
¥
10 min  180( 221) 23( 2) 8( =) w(w) w{~) 31( 2) s5{( 6) 21( 12) 26¢ 18) 57¢{ 20) 31466 (16452) 15,14
ine 186 83) 14(2) 3(~) 3(a)  2f-) o€ 2) 16( 2) 25{ 9) 41(11) 61( 13)  32,79({18429) 17,03
2 hr 143( 177) 20 2) 8(2) 3(a) o () 11( 4) 6( 8) 19{ 13) 25( a1) 36( 25) 25.17¢34112) 11,05
4 hr p6( 183)  3( =) =( =) wl=) () 3(«) 6( 8) 13( 3) 1s( 11) 2at 11y 23,90( 7}18) 15,72
8 hr 497 160) 2(6) 3{( ~) 2{(=) w(w) 7( &) 28( 7) 5( & 33(16) 40( 32) 81,63{19{75) 11.78
24 hy 870 150) w{ ) w( «) wf{a) o) wl{ =) -{ =) 30 18) 3( 19) 3{ 18) 5426 {105 00) - 4.74
48 hr 33( 96) 3(6) 3( =) «=lw (=) é{ 8) «( =) 7C 6) 7( o) 11( 12) 33.33(12%50) 20,83
72 hr  233( 204) 20{ =) 7 «) 3(=) 2(=) 22( ) g{ 6) 236(22) 45( 28) 87{ 28) 28.75{12,72) 15,03
96 hr 17¢ 30) (1) 3( 1) (=) (o) 3( 2) i 2) 2¢ 5 30 7 6l 9) 35.29(3¢400) 5429
120 hr 78¢ 150) 9( 3) T( «) «lw) 1(=) . 17( 3) 8( 11) 20( 13) 28( 24) 45( 27 57.69 {18} 50) 39.18
144 hr 23( 200) w( 3) wm{ =) wlw) i () -(8 ={ 8) o( 18) 9ol 26) 8¢ 29) 39.13(14,50) 24.63
ist wk 16( 99) (), %~ &) () 1t 20 35 9 3 11( 8) 12¢ 8)  75.00¢ gj0s) 66492
2nd wk 71( 185) 100 3) 3( 3) 3{«) 2 () %2 6) 14( 31) o( 8) 23¢ 19) 41¢ 28) B57.74 (134 81) 44,23
3nd wk 37( 420) 7( 1) 4(3) 3(e) - () 14( 4) 8( 6) 5( ® 13( 1% 27¢ 19) 73.97814472) 58,25
4th wk 914 107) 24( 3) 3(3) 3(=)  5() 35(6) 11( 8) 31¢ 9) #2¢ 18 710 20)  B84.61(18,69) 65,92
Sth ¥k 48C 74) Tlw 4l «w) == () 11( =) 8( &) 18( 9) 24( 13) 35( 13) 72,91 {17, 56) 58,28
6th wk 440 160) S{ 1) = w) «l=) - () 5( 1) 4( 19) 29( 12) 33( 31) 38( 32) g.‘w@ﬁ@_‘.oe 66436
Tth- wik 70( 183) 12( 1) 6(2) 2{~w)  3(w) 23(3) 1€ 8 16( 6 17{ 11) ¢0¢ 14)  57.14¢ &.»3 47.99
. s ) y
Grand 1472(2433) 131{34) 58€(14) 23(.) 13(w) 228(48) 138(113) 274(181) 402{(294) 627€342) 42,53€14.086) | 38,83

total

ot u.vi
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Compiled data of aberration frequency of all stages of meiosis in Pseudomonas treated and

Table 9

control mice (control data in bracket)

Stage  Total Individual type aberrations — Gross type aberrations Grand % Net
No,of Break type — Pre-gsep., Total N.,C. Others Total  total incr
cells Chr. Ch. Frag. Trans. Cons. Aut. Sex %
Sp. 1087 17 - 19 8 - - - 44 113 118 231 375 25.36 17.11
(2676) (13) (12) (=) (=) (23) (139) ( 59) (198) (221) ( 8.25)

Diak. 743 27 11 22 40 -5 36 28 164 24 121 145 309 41,58 33,99
(1791) (15) ( 3) ( 3) (7) (=) (25) (11) (64) ( 17) (55) ( 72) (136) (7.59 )

Met.I 4334 62 18 47 174 - 265 134 1700 203 277 480 1180 27.22 19,56
(5400) (25) ( 3) (12) (a2} (=) (133) (90) (305) (s51) ( 57) (108) (413) ( 7.64)

Met. 1472 131 - 58 23 13 - - 225 128 274 402 627 42,59 28,53

IT  (2433) ( 39 (1) (=) (=) ( 48) (113) (181) (201) (342) (14.06)

Grand 7636 237 29 146 245 13 301 162 1133 468 790 1258 1807 23.66 14.62

total (12300)( 87) ( 6) (41) ( 49) ( ) {158) (101)( 440) (320) (352) ( 669) (1112) ( 9.04)

S8
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b) Effect on sperm count 3

The genetic significance of sperm depletion test
is yet to be established but different mutagen affecting
the sperm count was found by some workers in our labcratory
using the'living mutagens like Staphylococcus aureus
(Ghosh, 1985), Sarcina lutea (Goswami, 1985) and spores of
Aspergillus fumigatus (Manna and Patel, 1982) and some
chemical mutagens like D-Glucose amine hydrochloride
(Baner jee, 1982), Chlofamphenicol (Roy, 1982) etc, and by
(Bateman, 1958) using X-rays, It was found that the litter
size was dependent on the sperm density in rabbit (Walton,
1927) or the fertility would be reduced in mice if the
epididymal sperm count fell below 10% of the normal count
(Searle and Beechy, 1974). With a view to finding out if
the treatment of Pseudomonas culture to male mice would induce
sperm depletion effect because of the stage sensitivity in
spermatogenesis, the present study was conducted,,

Procedure i

While fixing the testes of the male specimens of
both treated and control series for the study of meiotic
chromosome aberration, the right and left epididymes of
each male were also taken out separately for the study of the
total sperm count presented in this section and the sperm
head morphology presented in the next section. The sperm
samples were prepared as follows 2~

Epididymis of each side of the control and treated
male was taken separately into 2 ml of 0.87% normal saline.
It was made free from fat, wvas deferens and other adhering
tissues., The inner content of each epldedymis was teased
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out in the solution and the tissue was minced. The
material was thoroughly shaken to make free the sperms

to suspend in the saline solution, The sperm suspension
was then filtered through silken cloth to remove the
debris and the flltrate collected into a graduated tube
was added with more saline solution to make the volume 8
ml, After the final dilution drops of sperm suspension
was put in the chambers of a Neubauer haemocytometer slide.
The number of sperms in each of the five chambers of the
slide was counted and five such separate readings were
taken, The mean number of the five counts in 25 squares
was determined which formed the mean number of sperms per
side of an individual, In the data average mean of three
male individuals at each of 18 intervals has been presented
(Table 10),

Result 3

The study was conducted at 18 intervals between 10
min and 7th week, The week-wise data (Table 10) between
1st and 7th week would show the stage sensitivity if any
of spermatogenesis (Adler, 1982). The data of the right
epididymis would shoy that the average number ranged between
4,26 *+ 0,46 and 16.04 * 0.47 in the treated specimens while
in the control specimens it ranged between 11,89 t+ 0,34
and 26,72 * 0.71 (Table 10). The difference in the average
count of sperm in control and treated specimens was
statistically significant at different level in most of
the fixation intervals (Table 10 and Graph 3).

In the left epididymis, the same situation was also
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found. In the treated line the average count ranged
between 3.00 + 0,32 and 20.40 f 0.16 and in the control
line it ranged between 10.03 + 0,66 and 25.69 + 0,42.
Though the frequency was fluctuating (Graph 4) in different
intervals but in the same individual, it was notso wide .,

The maximum difference was found in 4th week, It was

13,82 + 1,51 against 4.33 + 0.29, Anyhow, the data of the
left and right epididymal sperm count were combined to have
the larger sample, The average frequency in the combined
data of the left and right epididymes ranged between 3.68 #+
0,40 and 17,83 + 0,45 in the treated specimens and in the
control line it ranged between 11.78 + 0,76 and 25.82 + 0.48
(Table 10). A comparison of the data betweem treated and
control specimens showed that the difference was
statistically significant at various level, Therefore, the
present data (Table 10 and Graph 5) showed the significant
decrease in the sperm count in all the fixation intervals
indicating thereby that the treatment of log~culture of
Pseudomonas reduced the sperm production. That the
depletion in sperm count could be under genetic control

was because there was not only definite dep@etion effect
for the treatment of the Pseudomonas in the parental
generation but it was also seen in F1 and F2 generation
(vide ipfra).

Sperm head morpholoqy

It has been mentioned already that the mutagenicity
testing in germinal cells is more laborious but it has
special significance, According to some workers the study
of the chromosome aberrations is relatively tedious and
require special training while the study of sperm count and



Table 10

Mean number of sperms in the Epididymes on control and log culture of P. aeruginosa treated
male mice, Control data are in brackets (used 3 indv./per interval in both control and treated

series)
Fix.time Right epididymes Ieft epididymes Right and left combined
(Mean value # S.E,) _{Mean value + S.E.) " (Mean value + S.E.)
10 min 13.08 # 0.34(19.02 + 0,51)P 14.17 + 0,41(21.85 +0.49)% 13.61 + 0.47(20.41 *+ 0.53)%
1 hr 14.70 * 0,51(26,72 + 0.71)® 17.06 + 0.79(19.12 + 0.35)° 15.88 * 0.68(22,92 + 0.71)%
2 hr 15,05 + 0.36(19.46 + 0.38)° 17.65 + 0.41(19.10 + 0.51)° 16.35 + 0.43(19.28 0.45)¢
4 hr 15,26 + 0.45(20.36 * 0.71)% 20,40 + 0,16(20.68 + 0.48)F 17.83 + 0.45(21.35 + 1.36)°
8 hr  7.72 + 0.37(15.16 + 0.76)° 9,21 + 0.41(16.22 + 0.80)° 8.42 + 0.40(15.48 + 0.78)2
24 hr  16.04 + 0.47(14.62 + 0.48)% 13.38 + 0.74(12.77 + 0.66)° 16.24 + 0.47(14.03 + 0,50)°
48 hr  5.09 # 0.44(19.41 # 0.52)%  4.37 + 0.36€19.00 + 0.61)€ 4.89 + 0.42(18.26 * 0.66)°
72 hr  7.98 + 0.40(16.22 x 0.71)% 8,30 + 0.32(17.52 + 0.40)% 8.14 + 0.36(13.71 + 0.83)°%
96 hr 8.78 + 0.57(13.48 + 0.26)% 6.00 # 0.48(17.80 + 0.48)% 7.30 + 0.54(15.63 * 0.46)°
120 hr  7.46 * 0.53(18.78 * 0.42)%  5.97 + 0.50(18.34 + 0.37)% 6.72 + 0.52(18.63 £ 0.38)°
144 hr  5.85 + 0.34(16.98 # 0,42)%® 3,45 # 0.25(18.33 + 0.25)° 4.61 + 0.33(16.86 + 0.39)°
1st wk 9,86 + 0.43(13.36 + 0,38)P 3,34 + 0.57(11.45 + 0.45)% 6.31 + 0.58(12.64 + 0.40)P
2nd wk  4.26 + 0.46(11.89 + 0.34)® 3,00 + 0.32(11.06 + 0.32)% 3,68 # 0.40(11.82 + 0,76)%
3rd wk 5.78 + 0.58(15.20 + 0.53)2  7.66 * 0.96(10.30 * 0.66)° 5.86 + 0.68(11,78 + 0.76)%
4th wk 13.82 # 1.51(12.97 * 0.80)%  4.33 + 0.29(15.45 + 0.52)% 9,27 + 1.24(11.81 % 0.81)°
5th wk  8.88 + 0.56(18,30 + 0,97)% 8.21 + 0.47(19.61 + 0.95)% 7.64 *+ 0.654(18.55 + 0.96)%
6th wk 7.02 + 0.61(26.18 + 0.48)° 5.18 + 0.28(25.69 + 0.42)€ 6.11 + 0.49(25.82 + 0.48)°
7th wk  11.50 + 0.43(18.73 + 1.00)% 10.73 + 0.60(15.13 + 0.45)P 11.10 + 0.53(16.33 + 0.85)°

a =prP<L0,01, b = PL0,02, c = pL0,001, d = PL0,05, e = P> 0,05

68
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sperm head morphology was simple, The sperm depletion
effect for the treatment of the log-culture of P.
aeruginosa in mice was positive but its genetic implication
was not certain, On the otherhand the genetic involvement
for the change in frequency of the sperm head morphology
induced by chemical and X-ray was reviewed by Wyrobek (1979).:
He discussed the problem relating to the morphological
factors and genetic factors, and the effect of mutagens

in the parent and progeny. He opined in favour of the
genetic involvement, A genetic factor affecting sperm
morphology in mouse was linked with the X-chromosome
(Hugenholtz and Bruce, 1977) beside sex-iinked factor,
autosomal factors like "T" locus alleles (Bennett, 1975),
hopesterile (Johnson and Hunt, 1971), pinkeeye sterile
(Hunt and Johnson, 1971) etc. were also studied. There was
some contradiction (Hillman and Nadijeka, 1978a, b). The
genetic factor controlling sperm abnormalities showed
recessive pattern of inheritance., The genetic studies

have identified about 10 genetic regions affecting sperm
morphology which were claimed to be distributed on the X
and Y chromosome as well as in autosomes, The role of
chromosome abnormalities associated with the sperm head
abnormalities in mouse was not very certain (Wyrobek, 1975).
Besides the genetic factor, other factors could have
influenced on the sperm morphology as the sperms of the

1st ejaculation of a young male mouse-had more abnormal
head morphology than that of successive one (Krazanowska,
1972). The elevated temperature was also shown to have
more abnormal sperm (Van Demark and Free, 1970). It was
shown that radiation induced higher frequency of sperm with
abnormal head morphology and the maximum cffect was noticed
at 5th and 6th week after irradiation indicating that early

-
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spermatocytes and late spermatogonia were more sensitive

to radiation (Wyrobek, 1977). Similarly, the sperm head
abnormalities induced by chemicals have also been reported.
Using living mutagens, the elevated frequency of sperm head
abnormalities were shown when male mice were treated with
the culture of S, aureus, S. lutea and Aspergillus
fumigatus etc, in our laboratory.

The present study would also add the effect on sperm
head morphology in male mice treated with P. aeruginosa
culture.

Method @

The epididymal sperm suspension prepared for the
sperm depletion study in the control and Pseudomonas culture
treated specimens was also used for the study of the sperm
head morphology. Each sample of the control and treated
specimens was dropped on separate clean slides, The slides
were then rotated to spread the drops uniformly on the
surface and dried in air, The sperm smeared slides were
then stained in diluted Giemsa (1:15) for one and half
hour after which the slides were rinsed in tap water and
agaln dried in air. The slides were then ready for the
study of the sperm head morphology. In egch specimen of
control and treated series, the number of sperms with
abnormal head morphology was determined from 600 sperms
per individual and the frequency in 18 different. intervals
between 10 min and 7th week was determined in 3 specimens -

at each interval.
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Results and Comments 3

The normal sperm of mouse (PM 34a) has an axe
type head with a long tail, which showed various morphological
changes (PM 34b«j) more in the treated and few in the normal
specimens, The data would show that out of 600 sperms
examined per individual, the number with abnormal head
morphology was variable among three individuals in a
fixation interval (Table 11). The different was not so
wide in control series as compared to that of treated
specimens (Table 11). Further the average frequency did
not differ too much in the control specimens at various
intervals while in the treated individuals, the frequency
was relatively high with the lapse of time. The increase
however, was not very consistent.

If the total number of sperms with abnormal head
morphology out of 1800 sperms of three individuals at each
interval was considered (Table 12, Graphs 6), in the
control line the number ranged between 4 (2nd week) and
60 (7th week) while in the Pseudomonag culture treated
individuals, it ranged wiéely between 22 (10 min) and 504
(6th week) indicating that the treatment induced much
higher frequency of sperms with abnormal head morphology.
The mean-frequency‘sperms with abnormal head morphology
between control and treated line was compared (Table 12),
The difference was statistically significant in all the
intervals except at 10 min, 8 hr, 144 hr, 3rd wk and 7th
wk, If the data for all these intervals were combined, the
difference was found also statistically highly significant
(P<0.,001). Thus it was clearly indicated that the treatment
of P. aeruginosa induced higher frequency of sperms with



Ex ati = Photomicro hs

Photomicrgaphs showing normal and abnormal sperm head
morphology in P. aerugiposa treated mice,
PM 34a, Normal sperm head,

PM 34bej. Different types of abnormal sperm head
morphology.






Number of sperms with abnormal head in 600 sperms examined
in each of 3 specimens at each interval of control and log

Table 11

culture of P, aeruginosa injected male mice.
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Abnormalities Abnormalities Abnormalities
Treated Control Treated Control Treated Control
No. No, No. - No, No. No.

10 min 48 hr 2nd week

5 8 53 5 40 0

10 3 59 8 71 2
7 6 56 6 55 2

1 hr 72 hr 3rd week

19 3 64 6 85 13
23 6 62 10 87 9
21 5 63 8 12 7
2 hr 26 hr 4th week

18 3 53 18 101 6
20 5 72 6 120 10
19 4 64 i2 85 6
4 hr 120 hr 5th week

17 2 70 9 225 14
20 5 76 18 105 11
28 4 73 14 165 12
8 hr 144 hr 6th week

16 7 35 7 191 3
31 10 89 11 145 9
24 9 42 9 168 6
24 hr 1st week 7th week

37 7 43 8 230 20
31 10 22 7 40 20
34 9 33 7 149 20
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abnormal head morphology. Further, if the data were
considered against the time-table of spermatogenesis and
spermiogenesis (Adler, 1982; Oakberg, 1956, 1957), it
appeared that all stages e.g. spermatogonia, spermatocytes
spermatids and spermatozoa were not egually sensitive

to the effect of P. aeruginosa.



Table 12

Frequency of sperm with abnormal head morphology in 1800 sperms of each 3 control and the log
culture of P, aeruginosa treated mice in Epididymal samples studied at different 18 intervals
(control data in brackets) :

Fix, Total No.of Mean frequency of abn.sperm % Remarks
abn.sperm head head/individual + S.E.
10 min 22( 17) 7.33 + 1.44( 5.66 + 1.44) 1.22(0,94) P> 0,05
1 he 63{ 14) 21.00 + 1.15(4,66 + 0.87) 3.50(0.77) P<£ 0,01
2 hr 57( 12) 19.00 * 0.57( 4,00 + 0.57) 3:16(1,50) P< 0,01
4 hr 65( 13) 21,66 + 3.27(3.66 + 0.,87) 3.60(0,72) P< 0,05
8 hr 71( 26) 23,66 + 4.33( 8.66 + 0.87) 3.90(1.44) P> 0,05
24 hr 102( 26) 34.00 + 1,73( 8.66 + 0.,87) 5.66(1,44) P< 0,01
48 hr 168( 21) 56,00 + 1.73( 6.33 + 0,88) 9.33(1:16) P< 0,01
72 hr 189( 24) 63,00 + 0,57( 85,00 + 1,15) 10.5 (1.33) P< 0,001
96 hr 189( 36) 63,00 + 5.50(12,00 + 3.46) 10.5 (2.00) P<L0.02
120 hr 219( 51) 73.00 + 1.73(13.66 + 2.59) 12.16(2.83) P< 0,01
144 hr 216( 27) 55:33 +16:95( 9,00  1,15) 12.00(1.50) P>0,05
ist wk 98{ 22} 32,66 + 6:06( 7.33 # 0,32) 5.44(1,22) P< 0,05
2nd wk 166( 4) 55,33 # 8,94( 1.33 + 0:66) 9.22(0.22) P< 0,02
3rd wk 184( 29) 61.33 +24:67( 9.66 + 1,76) 10.22(1.61) P> 0,05
4th vk 306 22) 102,00 #10,11( 7,33 + 1,32) 17.00(1,22) P<L 0,01
5th wk 495( 37) 165,00 +42.06(12.33 + 0.87) 27.50(2,05) P< 0,05
6th wk 504( 18) 168,00+ 13,27( 6.00 £ 1,73) 28.00(1.00) P< 0,01
7th wk 405( 60) 135,00 +54.84(20,00 + 0,00) 22,50(3,.33) P> 0,05
Total 3519(459) 64.22 + 7,33( 8.24 + 0,64) 32.58(4,25) P £0.001

S6
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C., Histological studies ¢

It was mentioned in the introductory part that

X~ray, chemical agents and living mutagens specially the
viruses were found to have not only the cytogenetic effects
but also the teratogenic effect studied in various
laboratory mammals specially in rats and mice. U.S, food
and Prug administration (Tuchmann-Duplessis H., 1972)
suggested some protocol for screening the teratogenic drugs.
Spyker and Smithberg (1971 and 1972) studied the effect of
Methylmercury on prenatal and postenatal development in mice,
Fuykta et al. (1979) also made a similar study in mice
while Inouye and Murakami (1975) studied the teratogenic
effect of orally administered methylmercuric chloride
.in rats and mice, Harris et al, (1972) studied the effect
of the same chemical in golden hamster, On the other hand
Fujimoto et al, (1979) studied the protective teratogenic
effect of Methylmercuric chloride in mice using Tiopronin,
Recently Dennis et al. (1983) evaluated the teratogenic

and cytogenetic effect of Methylmercuric chloride. Bal
(1984) studied the effect of Methoxychlor (Methoxychlor
hydrocarbon pesticide) on reproductive systems of the rat.
_The teratogenic effect induced by viruses has been studied
both in man and mammals by different workers (Greenberg et
al., 1957; Holowach et al.,, 1957; Hill et al,, 19587 Manson
et al., 1960; Potter, 1961: Corston et al., 1964 etc.).
Though the present author concentrated his studies more on
the cytogenetic effects caused by the bacterium, P.
aeruginosa in treated mice using different testing methods,
some attempts have also been made to study the teratogenic
effect as well as the histological changes in testis, ovary
and uterus etc.

-



97

Effect on Testis

Young male mice were injected with the standard dose
of the log-culture of the bacterium, P, aeruginosa and their
testes were fixed in Bouin's fixative at the end of the 1st
week, 2nd week, 3rd week, 4th week, 5th week, 6th week and
7th weeky The testes of nutrient broth injected males fixed
at the corresponding intervals served as controls, The
histological section of éhe testis of both contrecl and treated
specimens were cut 6 micra thick and the slides were stained
with HaematoxilineEosin: stain and £inally mounted in DPX
after following the dehydration procedure.

Observations

Control series :

The histological sections of the testis of control
specimens fixed at 1st to 7th week did not show much
difference from the normal structure (PM 35-36). Thus a
general description has been presented. The histological
study showed that the epithelium of the seminiferous
tubules was regular and continuous having numerous
spermatogonial and spermatocytes ‘(PM 35-36) arranged
linearly within the wall of the tubules., Within each
tubule the lumen occupied considerable area and was filled
with spermatozoa. The seminiferous tubules were connected
with one another by the cementing material but in some area
it was not seen., The matrix in between the seminiferous
tubules at the pheripheral part was properly seen and it
bounded the seminiferous tubules together, In the central
part the binding materials were not clearly detected.



Explanation of Photomigsggggphs

Photomicrograph of T:S. of testis showing different
normal structure in nutrient broth (control) treated
male mice

PM 35, Normal section of testis (€a X 280)s

PM 36. Magnified view of normal section of testis
showing the normal structures of the
follicule (€a X 700),






98

“The histological sections of testis of treated
specimens showed some changes (PM 37—45) as compared to
that of the control specimens (PM 35-36). ’

2

1St : week 3

The histological sections of the testis fixed
in the 1st week after treatment showed that the
epithelfum of the seminiferous tubules was wavy and at
some places' it was discontinuous (PM 37-38), The
spermatogonia inside the seminiferous tubules appeared
disorganised and not so compac¢t and contained some pycnotic
nuclei (M 39-.41), The lumen of the tubules was narrow and
in the peripherai part of the testis the.seminiferbus
tubules remained compact and the matrix disintegrated: The
central area of the tubule was different from normal and
the number of sperms and spermatids in the lumen was scanty.
Therefore, the treatment of the log culture of P; aeruaginosa
caused some abnormalities in the testis»fiX@dyin the 1St week
after the treatmént with regard té thé orientation and
~ functioning of the seminiferous tubules, The productibn
- of sperms appeared depleted and the occurrence of the
“‘pycnofinnuClei indicated some degeheration of cells,
" The general features of the seminiferdus tubules appeared
‘different from control, -All these indicated the changes
‘at the end of the 1lst week after the treatment of the
' bacteriumg
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2nd week 3

The histological examination of the testis of the
treated male fixed at the end of the 2nd week also showed
that the seminiferous tubules were thin and wavy (PM 37),
the lumen of the tubules was narrow. The tubules were not
compact and the cells within the tubule lost organized
arrangement (PM 39-42), Many spermatids were with pycnotic
nuclei, The tunica albuginea of the testis was not
uniformly thick and appeared wavy with some vacuoles (PM 38),
Therefore, the effect of the bacterial treatment continued
and increased as compared to the section of testis of 1ist
week,

3rd week

The effect of the bacterium, P. aeruginosa also
continued as revealed from structure of the testis fixed in
3rd week which was indicated by narrow and sometimes
blocked the lumen (PM 39) of the seminiferous tubules,

The spermatogonia and spermatids were scattered and scanty
and the dividing cells were not seen. Many vacuolations
were observed within the tubules and within the cell lining
(PM 39-41 and 45). Many spermatids showed pycnotic nucledi.
Some tubules were empty situated in the periphery and also
in the center, The tunica albuginea of the testis showed
wavy outline. Therefiore, in the 3rd week the effect was
more than that of earlier weeks.



100

4th week 3

The histological examination of the testis fixed
in the 4th week after treatment revealed that the epithelium
of the seminiferous tubules remained undulated with the
lumen showing more space and containing dead spermatids
and fragmented cells (PM 44), The spermatocyte cells were
not compact. The cells in division were very rare and the
seminiferous tubules near the epithelium of the testis were
disorganised and lumen of the tubules were narrow (PM 42).
The tunica albuginea remained wmdulated, Therefore, in the
4th week; many abnormalities like narrow lumen, absence of
dividihg cells, occurrence of dead cells indicated cléarly
that the effect of the bacterium was still there,

5th week :

The histological structure of fhe testis of treated
male fixed in the 5th week after treatment also maintained
the abhormalities found in the section of the 4th week showing
undulating epithelium of the tubules, The lumen in the
tubules of the central part was normal but in the peripheral
part, it was still narrow. Spermatids were found within
the lumen of the tubules and many of them were pycnotic,
Some dividing cells were present. The covering of the
testls appeared wavy. Therefore, the section showed some
part regaining normal histology, witnessed for the
occurrence of the pumber of spermatids within the lumen.
However, the presence of pycnotic cells and narrowness of
the lumen at the peripheral side indicated the effect was
still there but in low tone.
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6th week :

N

The histological section of the testis of the
treated male fixed on 6th week after the treatment showed
more regularization and recovery i.e, the effect of the
bacterium was reduced., The epithelium of the tubule was
regular and normal. The spermatids within the lumen were
many, Some dividing cells were present and blood vessels
appeared within the matrix, The tubules were compact in
appearance, However, the occurrence of lesser number of
dividing cells in the tubules and weak pattern of their
orientation would indicate that the effects of the bacterium
were still persisting to some extent.

Tth week 3

The histological section of testis of the treated
male fixed on 7th week indicated more normal appearance than
that of 6th week. This was indicated by the appearance of
the epithelium of the tubules mostly normal, lumen large
with many spermatids. Spermatogonial and spermatocyte cells
arranged in the normal fashion and sc on. However, there
were many dividing cells but some were with pycnotic nuclei,
The tubules of the peripheral area showed abnommalities by
thelr irregular outlines and some cells with vacuoles (PM'
43), Therefore, with the lapse of time the effect of the
treatment of the bacterial culture was practically removed witlr
little effect left and the tissue structures appeared
mostly in normal condition.




-

Explanation of Photoméé#gggaghs

T,8, of testes showing different abnorgalities in log
culture of bacterium, P. aeruginosa treated male mice.

PM 37,

PM 38,

PM 39,

Epithelium (Tunica albuginea) is thin and wavy
(X 70).

Epithelium (Tunica albuginea) is not uniform
and with some vacuoles (X 70).

!

One tubules without lumen and some vacuoles,
Other tubules with lumen but without

spermatozoa and the cells within the tubules

are not linearly arranged with many vacuoles (Ca,
X 70).






Explanati of Phot cr aph

T.S, of testis showing different abnormalities in
log culture of bacterium, P. aeruginosa treated male mice

PM 40,

PM 41,

PM 42,

PM 43,

PM 44,

PM 45,

Tubules with many vacuoles and lumen without
spermatozoa (X 280.)

Cells within the tubules are not linearly arranged
large vacuolation and tubules without spermatozoa.

Cells of the tubules are disorganised; no dividing
cells in the tubules and the lumen of the tubules
without spermatozea (X 700) .

No dividing cells within the tubules and some
cells are vacuwolated, Iumen without spermatozoa
X 700).

No dividing cells within the tubules and large
lumen with few spermatozoa.

No dividing cells within the tubules and many
vacuolation within the cell 1lining.
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Remarks ¢

The agent responsible for bringing the change in
the histological sturcture of the testis is yet to be known
very definitely but in all probability it could be the toxin
liberated by the bacteria. Anyhow, due to the effects of
the bacterial agent the luman became narrow, the production
of the sperm was depleted, cell division was retarded and
some cell death took place. These effects were increased for
few weeks after treatment but it then decreased with the
lapse of time after treatment., However, similar studies carried
out in F; and F, generation showed some effect\(yide infra)
which might suggest some form of genetical involvements. The
changes found in the structures of the testls in treated
males definitely had an effect on the fertility of the males
because in our study of the lethal effect we failed to
obtain a good number of fertilized females when Pseudomonas
treated males were mated to those virgin females in different
weeks (yvide infra).

Effect on ovary 3

Since the teratogenic effect concerns more with the
pré@atal and post-natal manifestations of some inducing
agents, the effect of P, aeruginosa on ovary of treated
female mice was also examined histologically.

The young female mice were injected intraperitoneally
with the standard dose of the log-culture of P. aeruginosa
(1 m1/100 gm body weight) against nutrient broth injected
controls. The ovaries of the coatrcl and treated
specimens were fixed separately in Bouin's solution. The
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tissues were processed and 6 micra thick microtome sections
were cut and fixed on slides. The sectioned slides were
stained in Haematoxiline-Ecosin and mounted permanently

in DPX after following the standard dehydration procedure.

-

Cbservations

Control series 3

The histological sections of the ovary of the control
mice fixed in different weeks did not show much difference
(PM 46) from that of normal individual, The section showed
that the ovarian epithelium was continuous, the eggs were
at different stages of maturation, the follicular and nurse
cells were compact around the ovums The nucleus was large
and prominent, the connective tissue was compact, blood
vessels filled with large number of corpusicles, Since in the
histological section of the ovary of control specimens
fixed in different weeks did not show much difference,
their structures have been described only once here,

Treated series 3

3st week :

The histological sections of the ovary of treated
females fixed at the end of the 1lst week after the treatment
showed that the ovarian epithelium was continuous with
some slightly disrupted area-having a number of vacuoles
(PM 47). The number of mature ova was not many; some
showing diSOréanised nucleus (PM 47) and the cytoplasm with



Explanation of Photom;croggagh

Photomicrograph of T.S. of ovary showing different
abgormalities in log culture of P, aeruginosa.treated
female mices

P 46. A normal section of the ovary (X 70).
PM 47, Many vacuoles within the ovary (X 70).

PM 48, 49, Degenerating cells with many vacuoles and necvotic
cells (X 140 and & 700).
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vacuolation (PM 48-49 and 51). The nurse cells and the
folldcular cells showed loose arrangement (PM 58),
connective tissue disorganised with a number of vacuoles and
blood vessels were not very many. Some cytolysed cells .
with pycnotic nuclei were seen in the connective tissue,
follicular cells and nurse cells, Therefore, the
treatment of the bacterial culture had its effect on the
ovarian structure within a week as found in the testes of
male., In female, the treatment interrupted the maturation
of ovum along with the disintegration in different areas
of the ovary like connective tissue, blood vessles gtc.
and there were indications of good number of cell death,

2nd week 3

In the 2nd week after the treatment, the ovary of
the treated females showed more or less the same types
of effect. There were thin epithelium with disrupted
areas, vacuolation, less number of mature eggs with
reduced diameter, follicular and nurse cells scanty
leaving empty space and vacuolation, connective tissue
disorganlsed and appearance of many vacuoles. Some dead
and pycnotic cells were found in connective tissue and
blood vessels underwent further reduction with less number
of corpuscles. Therefore, in the 2nd week after the treatment
of the bacterium +the ovarian structures showed more
pronounced effect than that of 1st week.

3rd week ¢

The histolcgical sections of the ovary of the
Pseudomonas treated female fixed on the 3rd week showed that
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the effect was retained. The epithelium was thin and
vacuolated in many areas, maturing follicules were not
very many, cytoplasm of some of them was vacuolated and
granular, the nucleus was disorganised, large
perevitelline space appeared within and the follicular
cells (PM 48, 49 and 51,52), The nurse cells were not
compact (PM 53). The vacuolation was observed in the
connective tissue which was loose and disorganized., The
blood vessels were less in number, Some were very thin and
contained cytolised R,B.C. Therefore, the histological
section of the ovary of 3rd week showed that the effect
was more related to maturing eggs and the connective
tissue which were likely to afifect the fertilization.

4th week

The histological sections of the ovary of Pseudomonas
treated females fixed on 4th week revealed that the effect
was waning though not completely free. The epithelium
gppeared more or less like that of control ovary. The number
of maturing egg was on the increase but the nucleus of some
secondary and maturing ovum was disorganised with large
pervitelline space (PM 52.54 and 56-63). The follicular
cells and nurse cells around the ovum maintained a
disorganised and loose arrangement., The connective tissue
enclosed some empty spaces, The blood vessels in the
connective tissue showed more or less normal pattern but
some of them were broken and cytolised R.B.C, were formed.
Therefore, the histological picture revealed that the maximum
effect was reached on 3rd week after treatment which was
reduced to some extent in the 4th week,



106

5th week 3

The histological section of the ovary of Pseudomonas
treated females examined on the 5th week after treatment
showed further recovery of the effect of the bacterium which
was indicated by the presence of continuous ovarian epithelium,
the organised cells, eggs showing maturation though the
nucleus of some eggs was showing changes and the perivitelline
space was large and prominent (PM 52-54 and 56-62), The
follicular and nurse cells around maturing eggs were
organised though occasionally empty spaces were still
present, The connective itssue showed some vacuolation
though mostly it was lkke that of the control, The blood
vessels contained good number of corpuscles therefore, the
effect of the bacterial toxin was reduced in comparison to
that of 4th week,

6th week 3

The histological sections of the ovary of Pseudomonas
sreated females in the 6th week appeared more like normal
except for the occurrence of the large peritivelline space,
disorganised nucleus (PM 52-54 and 56-63) and also slightly
disorganised nurse and follicular cells., Therefore, the
effect of the bacteria was further reduced as compared to
that of 5th week,

Tth week 3

The histological section of the ovary of Pseudomonas
treated females fixed on 7th week after treatment showed
that it was almost similar to that of control but some



Expl tion of otomic

Photomicrograph of T.S. of ovary showing secondary
follicules with different abnormalities in log
culture of P, aeruginosa treated female,

PM 50, A normal secondary follicle;

PM.51. Vacuolation within the cytoplasm.

PM 52, Large perivitelline space with granular cytoplasm;
PM 53, Two nucleoli within a nucleus,

PM 54, Fragmented nucleoli within a nucleus.






E ation of Pho (o] h

Photomicrograph of T.S. of ovary showing different
types of abnormalities in maturing/graafian follicle in
log culture of P, aeruginosa treated female mice.

PM 55, Normal maturing follicule (X 700).

PM 56, §7. Graafian follicles showing large perivitelline
space (X 700).

PM 58, Maturing follicle showing degenerative
nucleolus and disrupted follicular cell 1linings






Explanation of Photomicroar&ph

Photomicrographs of T.S. of ovary showing different

types of abnormalities in maturing or Graafian follicles
in logeculture of bacterium, P. aeruginosa treated female
mice,

PM 59, & graafian follicle showing two prominent
micrownucleoli (X 700),

PM 60. A Graafian follicle showing three prpminent
micro=nucleoli (X 700),

PM 61. A Graafian follicle showing four prominent microw
nuceleoli (X 700).

PM 62, A CrHafian follicle showing two large nucleoli
withig.annucleus.






Explanation of Photomicroaraph

Photomicrograph of T.S. of ovary showing different types
of abnormalities in maturing follicles in log-~culture
of bacterium, P._aeruginosa treated female mice,

P 53, Maturing follicle showing degenerative nucleolus.

PM 64. Graafian follicle showing a large nucleolus and
micronucleolus.

PM 65, A secondary follicle showing degenerative nucleoclus,
With a large perivitelline space.
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effect was seen to be restricted within the nucleus and
perivilelline space in some eggs, Tﬁerefore, on the 7th
week after treatment of the bacterial agent had pmactically
no effect except in some nucled.

15¢th week 3

With a view to finding out the duration of the
histological changes after the treatment of the bacterium,
Pseudomonas, the ovary of some treated females was fixed
at 15th week after the treatment, sectioned and stained,
The effect in 15th week was very negligible as on- 7th week.
The histological structure of the ovary of the treated
female in 15th week was very much like that of control.

Remarks 3

The examination of the sections of ovary of the
nutrient broth showed no effect on the histological structure
while the treatment of log-culture of P, aeruginosa had some
effect beginning from 1lst week which reached the maximum in
3rd week after the treatment beyond which the effect
dwindled gradually. By the 7th week it was practically
normal except in nucleus and the perivilelline space. The
causative factor in bringing changes to the histological
structure of the ovary in treated females was not precisely
known. It could possibly the bacterial toxin. The response
was to some extent similar to that of testis of treated
males indicating the peak effect reached after treatment
at about 3 to 4 week and then it declined gradually. The
occurrence of some abnormalities found in the section of
ovaries of females of F1 and F2 generation in treated lines
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would perhaps suggest that bacterial product was genotoxic
and not only the toxic one.

Effect on uterus :

The histological changes have been considered as a
protocol for testing mutagenic property of an agent ’
{(Tuchmann-Buplessis, H,, 1972), Recently Bal- (1984)
showed the histological changes in the reproductive system
of rat after treating them with the pesticide, Methoxychlor.
In our study the reproductive potentiality in the treated
specimens was greatly reduced, We not only studied the
histological changes in the primary glands like testis and
ovary presented before but also the changes in the uterus,
since this structure 1s important in mammalian reproduction
and development of embryos.

Method @

While fixing the ovary, the uterus of the same female
which was injected with nutrient broth as control and log-
culture of Pseudomonas as treated one was removed
separately from 1lst week to 7th week, The uterus was fixed
in Bouin's solution and transverse sections were cut at 6
micra thick and the sections were stained in Haematoxiline~
Eosin stain and mounted in DPX.

Observations ¢

€ontrol

The section of the uterus of the nutrient broth
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injected female as control did not show much difference

with that of normal in the tissue fixed at different

weeks, The general histological structure showed that

lumen was small, regular and the epithelium was continuous
with no villi projected into the lumen. The connective
tissue was compact with large number of blood vessels:
£ibroblasts were many and compact towards the muscular

zone, The muscular coat was thick and continuous (PM 66,67).

Treated gerles @

st week 13

The histological section of uterus of P, aeruginosa
treated female showed that the luméen was narrow, the number
of villi increased and some of them branched into a number
of sub=-villi (PM 68), the uterine epithelium was vacuolated,
the connective tissue was weak with a number of wvacuoles,
the number of fibroblasts and blood vessels was also decreased
and a number of vacucoles was observed in the connective
tissue area (PM 70, 72). The muscular coat showing muscular
bundles displaced (FPM 73). Therefore, like the ovary, the
uterine structures also showed histological changes for the
treatment of the bacterium even on the 1st week,

2nd week

The histological section of the uterus in 2nd week
after treatment showed that the uterine epithelium was thin,
villi were further vacuolated (PM 69), the number of blood
vessels and the connective tissue was further disorganised showing
vacuolation (PM 73),the muscular coat though appeared normal like



Explanation of Photomicrodraph

T.S. of uterus showing normal structure of the uterus
in control females.

PM 66. Normal structure of uterus (X 280).

PM 67. Lumen of utérus showing normal structure
of the epithelial layer (X 700).
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that of 1st week but the tissue was disorganised and lost the co-
mpactress{PM12) . Therefore, the bacterial product had its
effect more in the 2nd week which was on the increase.

3rd week

The histological sections of the uterus after 3rd
week of treatment showed that the effect in some structures
was on the increase, The thin villi projected into Buman
and the number of vacuoles in the uterine epithelium were
decreased,y On the other hand the connective tissue was
continuous, the number of blood vessels was increased,
but bleod vessels and the organisation of muscular layer Were not
‘nozmal . ( M 74), Therefore, the effect of the bacteria in
the uterus was of mixed nature, increased in some structures
and reduced in others.

4th week 3

The histological section of the uterus of the treated
females fixed in the 4th week continued to show some mixed
effects as the villi were reducing the passage of the lumen
of the uterus, the epithelium was continuous. The number
of vacuoles was decreased but the number of blood vessels
was increased,. the connective tissue showlng some vacuolation,
the muscular layer appeared more or less normal, Therefore,
from the 4th week some structures were reverting to normal
appearance and some structure showed the continued effect.



Explanation of Photomicroaraphs

T.5. of uterus showing different abnormalities in log
culture of P. aeruginosa treated female mice

PM 68. Lumen showing highly wavy structure of the

PM 69. A villi of a lumen showlng vacuclation and
cells discentggration (X 7001.

PM 70. Many vacuolation within the endometrium.






Explanation of Pho croara

T.S« of uterus showing different abnormalities in
log culture of P. aeruginosa treated female.

PM 71, Disorganized cellular arrangement and necrotic
cells in perimetrium layer.

PM 72, large vacuolation withnin the endometrium and
perimetrium layer.

PM 73, Many necrotic cells with disorganized cellular
layer in perimetrium.
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5th and 6th weeks 2

The examination of the histological section of
uterus of the treated specimens of 5th and 6th week did
not show much difference from that of #th week. The
tendency of the structures recovering to normal pattern
was continued.

7th week 3

The histological section of uterus in 7th week showed
very little difference from that of control as the uterine
lumen became narrow, the villi were many with good number of
blood vessels, while the muscular layer remained a little
disorganised.

15th week

With a view to finding out even if the slightest effect
was continued for a long time, the histological sections of
the uterus of the females after 15 week of treatment were
examined which appeared very much like normal indicated
by the number of villi decreased, vacuoles were reduced,
connective tissue‘and blood vessels appearing normal and
the muscular layer was continuous.

Remarks

The present study showed that bacterial culture had
detriméntal effect on the uterus causing changes in the
epithelium as the target. The cells were vacuolated and the
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epithelia were projected the lumen along with certain other
changes but this effect did not last long. By the f£ifth week
most of the structures appeared normal. Therefore, the

log culture of Pseudomonas appeared to be toxic if not
genotoxic to tastis, ovary and uterus.

General comments on Chapter I

The chromosome breaking effect of the log culture,
isolated bacteria suspended in saline, and the log culture
filtrate of P. aeruginosa in bone marrow cells of treated
mice fixed at various intervals were shown earlier from our
laboratory (Dey, 1980). The present author therefore, not
only checked if the results were repeatable by examining the
bone marrow chromosome aberrations of mice treated with the
log culture of B, aeruginosa against nutrient broth injected
control but also extended the study which confirmed the
earlier observation with additional data. The present
study added that the effect could continue for a long time.
The other purpose of examining the bone marrow chromosome
abérrations in treated specimens' from ist week to 7th week
was to see i1f the treated males which were used in mating
programme for lethal test (yide infra) had aberrations in
somatic cell while mating.

The clastogenic effect of 'the bacterium was further
substantiated by the MNT which showed positive effect
discussed before. The MNT showed that the effect was
relatively sevepethan what was generally reported by other
workers using chemical mutagens and X-rays. These seemed
to be some instances when the erythrocytes contained several
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micronuclei, they were formed directly by the breaking
down of the complement into pieces, In such cases the
size and shape of the micronucleil were somewhat different.
Needless to mention that most of the cells the normal type
micronucleus.

The chromosome breaking effect was also studied in
chromosomes of spermatogonial metaphase, diakinesis, metaphase
I and metaphase II in materilas fixed at 18 different
intervals from 10 min and 7th week which showed higher
frequency of chromosome aberrations than that of control and
the- difference was statistically significant. Therefore,
the clastogenic effect was found not only in the somatic cell
but also in the chromosomes of the males germinal cells at
different intervals. The occurrence of the germinal chromosome
aberration found in the present study also implied that the
effect could be transmitted to the next generation.

The effect in the germinal cells was found positive
not only in chromosomes but also in the gametes produced due
to the effect in the testes and epididymes, The study of
the sperm depletion in epididymal sperm suspension examined
in between 10 min and seven weeks after the treatment in
comparison to that of control revealed that the numbers of
sperms was reduced. Among different stages according to
time table of spermatogenesis and spermliogenesis, the
spermatogonium was found most sensitive though the effect
in other stages was also not insignificant..

The study of the frequency of sperm with abnormal
head morphology in 18 intervals also revealed that the
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frequency was higher in treated males than that of control.
The treatment thus may have caused the production of higher
number of sperm with abnormal head morphology. If these
had the chance of fertiligation, there was a possibility
for the production of abnormal embryos. However, many

of them very likely would loose the potentiality of
fertilization. It was also mentioned that various ‘others
mutagens both chemical and living ones, besides the effect
of P, acruginosa presented here had the similar effect.

The study of the histological changes in testis,
ovary and uterus of specimens treated with log culture of
Pseudomonas also supported the genotoxic effect of the
bacteriums: All these evidences favoured reasonably the
bacterium, P. aeruginosa which has been further confirmed
by the generation study presented in the following chapters.
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CHAPTER 1II

Cytogenetic Assays in First Filial (F,) Generation

A, Lethal test :

a) At 15 day of gestation and at the end of the weaning

period of the mother 3

Lethal test in rodents specially in mice by
evaluating the pre- and post-implanatation loss was
advocated by two pioneer workers, Hertwick (1935) and
Snell (1935) (in the same year). This was further
elaborated and extended by several workers using X-ray
and chemical agents (Epstein and Shafner, 1968; Rohrborn,
1970; Bateman and Epstein, 1971; Manna and Roy, 1979) and
living mutagens (Manna, 1980, 1982; Manna and Patel, 1985;
Ghosh, 1985). Among the two methods of evaluation viz.
pre-implantation loss and post-implantation loss, the
latter has been used more often because it was easier,
Rohrborn (1970) and others have described the method of
post-implantatlon loss dQuring late gestation which was
followed by the present author to evaluate the lethal
effect during gestation induced for the treatment of the
log culture of P. aeruginosa in male pareant mated to virgin
females (vide infra). The author has also:followed the
method of Soares (1972) to determine the post-implantation
loss at the end of the weaning period after parturition of
the mating pregnant females., ' L )

Most of the workers considered the loss of the
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implants due to ‘dominant lethal effect' while Cattanach
(1982) opined it due to chromosomal mutation. The present
author designated the methods as the ‘lethal test' instead
of ‘dominant lethal test' because the effect was found
here and elsewhere (Manna and Patel, 1985) 4n F, generation
after mating F1 individuals of the treated line, This

was also pointed out by Manna (1982, 1984),

Method :

About 3 month o0ld male mice were intraperitoneally
injected with the log culture of P. aeruqginosa at the rate
of 1 m1/100 gm body weight. They were then allowed to mate
in a cage putting one treated male per three normal virgin
females., The sam@ male was used consecutively from 1lst week
to 7th week to mate with different sets of normal virgin
females to cover the time-period of diffcrentiated
spermatogonia to the feormatiom of mature sperms and
transferred to the epididymes (see Adler, 1982)., In
practicg the treated male was kept with three normal virgin
females, for about a week and the females were examined every
day for the appearance of vaginal plug to know the effective
fertilization. After the lst week, the same .male was
transferred to another set of 3 normal virgin females. In
this may the same male was allowed to mate for 7 weeks to
different set of females., It was planned that if the 3 females
were pregnant, 2 of them would be sacrificed at the 15 day
of gestation and the 3rd one would be allowed.to complete
the weaning period after parturition when she was
sacrificed to determine the lethal effect if any following
the method of Soares (1972),., However, the plan could not
be adhered to because of tremendous infertility developed
in the treated series (Table 13) which imposed a great
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limitation of the data of the present study. Only the

data of lethal effect in females which were pregnant both in
treated and control series have been presented and the
dearth of data could not be avoided in spite of our

sincere efforts of using 7 treated males to mate with 21
normal virgin females in each week for 7 weeks viz. a

total of 147 females were deployed,

The Gdetermination of the number of dead implants
and the living implants was made by exposing the uterus of
the pregnant females at 15 day of gestation in which the
dead 1mplan£s were known from the scar mark left by
atrophied embryo against conspicuously grown living
implants, For determining the number of 1living and dead
implants at the end of weaning period after parturition the
pregnant mother was sacrificed and the uterus was exposed by
glving a longitudinal incision. The pinkish well vascularised
scar mark represented the living implant while somewhat
whitish less vascular scar mark represented the dead implant
(S8wares, 1972). The mutation rate (lethal hit) per gamate
was determined by the posteimplantation study according to
the following formula.

Percentage o¢f dominant lethals =

1 - living implants per pregnant female in treated
living implants per pregnant female in control
group

No.of dead implants X 100.

Mutagenic index = Total No, of implamts
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parturition wvhich yielded a total of 28 implants but

none was deacl, In the 5th week 4 males were mated to 12
females of which only 2 were pré@gnant. Both of them were
sacrificed during gestation which yielded only 11 implants
but none was dead. In the 6th week also 4 males mated to
12 females which yielded 2 pregnant females, They were
sacrificed during gestation which yielded 14 implants and
onevw was dead, At the 7th week, 4 control males were mated
to 12 virgin females which yielded also 2 pregnant femmles.,
They were sacrificed at late gestation., They had a total of
16 implants but none was dead (Table 13)., The mating data
of the control series showed that the successful mating

was very limited unlike expected normal mating. Therefore,
it was not known if the nutrient broth had any effect of
cgusing partial sterility. Anyhow, the data of treated
series have been compared with the control series to see if
there was a higher lethal effect induced for the treatment

of P. aeruginosa.

Treated Seires

In the first week, treated series 7 males injected
with log culture of P, geruginosa were allowed to mate with
21 virgin females in different sets but had only 1 pregnant
female which was sacrificed after parturition because the F1
individuals were to be used for the study of F2 generation.
The pregnant female had a total of 5 implants, 3 living
and 2 dead. The same 7 treated males were mated to 21 wvirgin
females in the 2nd week. This yielded to 4 pregnant females
of which 2 were sacrificed during gestation and 2 after
parturition. There were 24 implants of which 18 were living
and 6 were dead, In the 3rd week the same 7 treated males
were mated to different set of 21 females which yielded only
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3 pregnant females of which 2 were sacrificed on 15th day
of gestation and 1 after parturition. There were a total
of 22 implants of which 17 were alive and 5 were dead. In
the 4th week, the mating of the samz 7 treated males to
new sets of 21 virgin females resulted 4 pregnant females
of which 2 were sacrificed on 15th day of gestation and

2 after parturitions; They yilelded a total of 31 implants
of which 21 were alive and 9 were dead., However, the
fertility factor was seriously affected after 4th week
because the mating of the same 7 treated males to 21 females
did not yield a single pregnant female, The same was the
case in 6th week mating (Table 13), On the other hand in
the 7th wwek, the mating of the same 7 treated males with
21 virgin ferales yielded only 1 pregnant female which was
sacrificed during gestation. There were 8 implants, all
alive and none was dead,

The present data (Table 13) showed that the number
of implants in different pregnant mothers obtained in 7 week
mating programme ranged between 5 and 11 in the control
series while it ranged between 4 and 9 in the treated series.
Secondly the number of dead implants was nil to 1 in the
control series while it ranged between nil to 7 in the treated
series (Table 13). Thirdly the average number of implants
was 6.5 in the control series against 6.9 in treated series
indicating not much difference (Table 14).

It was mentioned already, that in spite of
deploying:a good number of females and males ( 3 to 7
sets) in the mating programme, the data were limited
because of the higher infertility developed possibly €for
the treatment with the log culture in the treated series
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Data of lethal test at 15th day gestation and after birth in
different mother mated to control and log culture P, aeruginosa
treated male parents in different week (Per experiment 1 male and
3 females have been used)

Yeek No.,of No.of No.of At Total No. No,0f No,of

fem.all"' preg. mOther & ilnplo LoIo D.I.
owed for fem,
meeting
Control
1 Ges 7 7 -
9 3 2 Ges 9 9 -
3 A,B, 5 5 - ‘
Total © 3 3 21 21 -
ist
. Treated
21 1 1 A.B. 5 3 2
Total 21 1. 1 5 3 2.
2nd . ﬂ Control
1 Ges 5 5 -
2 Ges 6 6 -
4 A.B, . 7 6 1

Total 12 4 4 24 23 1
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Table 13 (Contd.)

Week No.of fem, No,0f No.,o0f At Total No, Ko.o0f No.of

allowed for preg. pether & impl, L.I. D.I.
meeting fem,
Treated
2nd
i Ges 8 5 3
2 Ges 6 8 1
21 4 3 A.B. 6 5 1
4 A.B, 4 3 1
7
Total 21 4 4 24 i8 6
~ Control
3rd 1 Ges 5 5 e
12 3 2 Ges 7 7 -
3 AoBo S S -
Total 12 3 3 17 17 -
Treated
1 Ges ° 7
+21 3 2 Ges 8 7 1
3 A.B, 5 3
Total 21 3 3 22 17 5
Control
4th 1 Ges 7 7 -
2 Ges 8 8 -
12 4 3 A.B. 6 6 -
4 A.B. 7 7 -

Total 12 4 4 28 28 -
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Table 13 (Contd.)

Week No.0f fem, No.0of No.of At Total No. No.of No,of
allowed for preg. mother & impl, b,I, D,I,
mating fem,

4th Treated

1 Ges o 17 2

. 2 Ges 9 9 -

21 4 3 AB. 4 4 )

4 A.B, 9 2 7

Total 21 4 4 31 22 9
Control

5th 1 Ges 6 6 -

12 2 2 Ges 5 5 -

Total 12 2 2 11 11 -
Treated

21 Not a single female: was impregnated

6th Control
. 1 Ges 7 7 -
12 2 2 Ges 7 6 1
Total 12 2 2 ‘ 14 13 1
Treate
21 Not a single female; was impregnated
Tth Control
12 2 1 Ges 11 11 -
T 2 Ges 5 5 -
Total 12 2 2 16 16 -
. Treated
21 1 1 Ces 8 8 -

Total 21 1 1 8 8 -
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and to some extent the injection of nutrient broth in the
control series. Thus there were 30,56% fertile females

in the control series and 8.84% in the treated series. 1I1f
the injection of nutrient broth had affected thé fertility
in comparison to that of normal was not verified criticelly
but checking of data of the breeding stock of normal colony
did not show such indication, Anyhow, the testing of the
progeny of the pregnant mother of the control and treated
series showed on the whole the significantly higher frequency
0f lethality in the treated series when the mutagenic

index of the control and treated series was compared in
those weeks where some data were available (Table 14),
Though the lethal data during gestation and after
parturition were analysed separatelly, it had little value
because the data were very limited, Therefore, data of

the both gestation and afiter parturition were combined, In
the 1st week mating (Table 14), 3 mothers of the control
series had no dead implant, while 2 among 5 implants in a
mother of the treated series were dead making a very high
frequency of 40% mutagenic index and the induced lethality
was 57%. In the 2nd week mating, out of 24 implants 1 was
dead yielding the mutagenic index of 4.17% in the control
against 6 dead in a total of 24 implants of the treated
series rendering the mutagenic index of 25%. In the 3rd week,
the mutagenic index was nil in control and 22,73% in treated
series; in the 4th week also the mutagenic index was nil in
the control series against 29,09% in the treated series
(Table 14), However, there was no question of comparing the
data of 5th and 6th week as no pregnant female was found in
the treated series. In control series, there was no dead
implants in 5th week, 7.14% in the 6th we2k and absent in
7th week, If the data of all the weeks were combined to
have a larger sample, there would be 22 d=ad in a total of



Compiled data of lethal tests of
different mothers mated with con
Control data are in brackets.

Mother Time No .,of Total No
mated mother of impl.
with tested
male in .
ist wk Ges -( 2% -( 16)
A.B, 1( 1) 5( 5)
Total Ges+aB 1( 3) 5( 21)
2nd wk Ges  2(2) 14(11)
AB 2( 2) 10( 13)}
Total Ges+zB 41 4)  24( 24)
3rd wk Ges 2{( 2) 17( 12)
AB 1( 1) 5( 5)
Total Ges+AB  3( 3) 22( 17)
4thwk Ges 2( 2) 18( 15)
AB 2( 2) y13( 13)
Total Ges+AB 4( 4) 31( 28)
5th wk Ges -3( 2) -« =( 11)
AB «( <) - =)
Total Ges+AB -( 2) -( 11)
6th wk Ges -( 2) -( 14)
AB - &) -{ =)
Total Ges+AB =( 2) ~(14)
7th wk Ges 1( 2) 8( 16)
AB ~{ =) -( =)
Total Ges+AB 1( 2) 8( 16)
Grand total 13(20) 90(131)
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90 implants making the mutagenic index of 24.,44% in the
treated series while in the control series only 2 were dead
among 131 impiants making the mutagenic index of 1,53%.

The data thus showed cleariy the high mutagenic potehtiality
of the log culture of P. aeruginosa to the treated male
parents. According to the time scale of spermatogenesis and
spermiogenesis, the mature sperms in the epididymes and the
spermatids were highly sensitive to the mutagenic effect
while it was not certain for the spermatocyte and differentiated
spermatogonia because no data were available, The
frequency of induced lethality was very hiigh in the

compiled data. It was 57% in 1st week, 21% in 2nd week,

21% in 4th week and 19% in all the weeks, taking togéther

(P 0,05). Therefore, the treatment of the log culture of
P. aeruginosa to mating male parents induced high frequency
of lethal effects as compared to that of control but the
limitation of the data might make the result questionable.
However, the study of the chromosome aberrations in somatic
and germinal cells, sperm count, sperm h=2ad morphology, etc.
carried out in F1 generation would support the mutagenic
potentiality of the log culture of P,  aeruginosa in mice
(vide infra).
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B, Somatic Ehromggome Aberration in F, Generation :

Qualitative 3

With a view to finding out if the Fl living implants
of the control and treated series mothers were chromosomally
normal or noi, they were studied using different
cytogenetic methods. For embryos only the somatic
chromosomes from the liver were assessed, On the other
hand, 3 month old F1 individuals were used for the study of
somatic chromosome aberrations in bone marrow cells of both
gexes and meiotic chromosome aberration in testes, sperm
count and sperm head morphology in epididymes of males.
Besides them some special study was made to detect the
teratogenic effect if any in 15 day old F, fetuses and in
organs of 3 months old F1 individuals.

1

Since the types of chromosome aberrations in the
embryonic liver cells and that of bone marrow chromosome of
Fl adults were not basically different, some representative
types have been cited (PM 74-85; Figs. 56-75). The aberration
types were more or less the same in F1 embryos and 3 month old
adult as found in the bone marrow cells of the treated
specimens, They were put under two main categories as
individual types and gross types, The individual types
consisted of chromatid break (PM 74-75, 77:; Figs. 56-67),
acentric fragment (PM 76, .78-79, 83; Fig, 68), centric fusion
(PM 74, 78, 80-81; Figs, 70~71),ring chromosome (PM 76, 82;
Fig. 69) etc. However, all the types were not found in all
individuals and they were relatively very few or absent in
the control line.



Explapation of Photomicrographs

Photomicrographs of some affected metaphase in liver
/bone marrow cells of F, individuals produced after
mating of normal females to Pseudomonas culture treated
males,

P4 74, A centric fusion and two group I chromosomes
each with a chromatid break in the middle region.

PM 75, A chromatid break in the proximal region of a
group II chromosome.

PM 76, A ring chromosome and a g#agment.

PM 77. A terminal chromatid break in a group III
chromosome,

PM 78. A centric fusion, a centromeric dissociation and
a fragment.

PM 79. An acentric fragment and some sticky chremosomes.,






Explanation of FPhotomicropgraphd

Photdmiqrographs of some affected metaphases in liver/
bone marrow cells of F1 individual produced after mating
of normal females to Pseudomonas culture treated males.

FM 80, Plate showing two centric fusions and condensed
ghromosomes,

PM 81, A centric fusion and some other showing the

same tendency,

PM 82. A ring chromosome and a centric fusion.

P11 88.. Terminal chromatid association of two
chromosomes and on extra-clement with
centromeric dissociation.

PM 84, TAster metaphase with association of groups
of dﬂromosomes.

PM 85, Plate showing the pulverization.






Explanation of fiqures

Camera lucida drawing of a part of metaphases plate of
liver/bone marrow showing different types of aberrations.

Fig, 56. A chromatid break in the proximal region of a
group I chromosome.

Fig, 57. A chromatid break in the middle region of a
group I chromosome.

Fig, 58. A chromatid break in the distal region of a
group I chromosome

Fig, 59, A chromatid break in the proximal reglon of a
group II chromosome.

Fig, 60, A chromatid break in the middle region of a
group II chromosome.

Fig, 81. A chromatid break in the distal region of a
grdhp II chromosome,

Fig. 62. A chromatid break in the proximal region of a
group III chromosome.

Fig. 63. A chromatid break in the middle region of a
group III chromosome

Fig., 64. A isochromatid break in the distal regyion of a
group III chromosome

Fig. 65. A chromatid break in the proximal region of a
group IV chromosome.

Pig. 66. A chromatid break in the middle region of a group IV
chromosome.

Fig. 67. A chromatid break in the distal region of a group IV
chromosome.

Fig, 68. A fragment of unknown origin.
Fig. 69. A ring chromosome.

Figs. 70-71. A centric fusion between two chromosome.
Fig., 72, End to end association between two chromosocmes.
Fig. 73. Centric dssociation of a group III

Fig. 78. Centric dissociation of a group V.

Fig. 75. A seter metaphase plate.
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Quantitative
a) In liver of 15 day old embrvos $

While the pregnant mothers of both control and
treated series were sacrificed at 15 day of gestation to
determine the number of living and dead implants by exposing
the uterus of each individual, the living implants immediately
on removal were put into 1% sodium citrate solution, The
livér of each individual was dissected out and the tissue
was minced and the cells were brought into citrate
suspension by repeated flushing with a pasteur pipette,

The cell suspension was incubated for 15 minutes at 37°%.,
It was then centrifuged and the supernatant f£fluid was
discarded, The residual cells were fixed in freshly
prepared aceto-alcohol (133) mixture for 15«20 min and
again centrifuged. The supernatant the fixation was
discarded and residual cells were resuspended in aceto-
alcohol, The flame dry preparation fédlowed by Giemsa
staining was made as described earlier for the preparation
of the bone marrow cells. The frequency of different types
of aberraticns was determined in 100 plates per indiwvidual
(Table 15),

F, control line :-

1

1st week s

All the 7 embryos obtained from a control line
pregnant mother had some form of aberrations, the number of
which rangec between 5 and 18 (Table 15). The frequency
of individual type aberrations was generally higher than that
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of gross type. Out of total 700 metaphases<examined:in

7 embryos of the 1st mother, there were 7 chromatid
breaks, 1 acentric fragment, 13 translocations or
associations and 15 centromeric dissociations wskine =2
total of 36 individual types and there were also 27 gross
type aberrations. The average frequency was 9,0% taking
both types together.

In the 2nd mother, out of 9 living embryos, tissues
of two were lost while processing. Therefore, in livers
of 7 embryos, 1 had no aberration and in the remaining 6,
the number ranged between 1 and 7. The data were enhanced
for the inclusion of cases of centromeric dissociation.
Otherwise the number would range meagrely between nil to 3
in different individuals, Out of the total 700 metaphases
examined there were 2 chromatid breaks, 1 acentric fragment,
14 centromeric dissociations. Taking all type aberrations
together the total was 23 of 3.38% of which-if the frequency
of centromeric dissociations was disregarded it would come
down to about 1,3%. Out of 14 embryos examined, 6 were males
with the aberration number ranging between 2 and 11 and the
average frequency was 6,50% and 8 females with the aberration
number ranging between nil and 9 and the average frequency
was 5,87% indicating not much difference in two sexes (Table
22),

2nd week

In a 2nd week pregnant mother out of 5 embryos the
tissue of 1 was lost during processing. In the remaining 4,
the number of aberrations ranged between 5 and 12, In a
total of 300 metaphases, the frequency of individual type
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aberration was 14 or 4.6% and the average was 31 or 7.75%
taking individual and gross types together.

In the 2nd mother, the aberration number in 6
embryos ranged between 6 and 8, In a total of 600 metaphases,
the frequency of individual type aberration was 24 or 4.,0%
and all types taking together was 40 or 6,66% (Table 15).

3rd week

In a 3rd week pregna%§ mother 5 embryos had the
aberration number ranging between 5 and 11 including a
number of centromeric dissociation cases. Cut of the total
500 metaphases there were 20 of 4.0% individual type and 32
or 6.4% taking both individual and gross types together,

In the 2nd mother, out of 7 embryos the tissue of
two embryos were lost while processing. In the remaining
5 the number of aberrations ranged between 2 and 5, In a
total of 500 metaphases, 8 or 1,6% were individual type and
19 or 3.8% taking all types of aberrations together
(Table 15),

4th week

In a3 4th week pregnant mother out of 7 embryos, one
had no aberration and other 6 had the aberration number
ranging between 3 and 6. In a total of 700 metaphases,
there were 13 or 1.8% individual types and 27 or 3.8%
taking both gross and individual types together,
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In the 2nd mother, out of 8 embryos examined, 1 had
no abérration while in 7 others, the number of aberrations
ranged betwesn 1 and 11. In a total of 800 metaphases
there were 24 or 3.0% individual types and 45 or 5.6%
taking both individual and gross types together (Table 15),

5th waek 3

In a 5th week pregnant mother, 6 embryos had number
of aberration ranging between 2 and 5. In a total of 600
metaphagses, there were 14 or 2.3% individual types and 24
or 4.0% takiang both individual and gross type together.

In the 2nd mother, 5 embryos had the number of
aberrations ranging between 2 and 9. In a total of 500
metaphases, 18 or 3.6% were individual type and 29 or 5:8%
taking both individual and gross types together (Table 15),

6th week

In a 6th week pregnant mother out of 7 embryos 1
had no aberration while é others had the aberration number
ranging between 1 and 9., In a total of 700 metaphases,
there were 16 or 2,3% individual type and 29 or 4.14%

" taking both individual and gross types together.

In 6 embryos of another pregnant motheér, the
aberration number ranged between 6 and 9. In a total of
600 metaphases, there were 29 or 4.83% individual types and
43 or 7.16% taking both individual and gross types together
(Table 15). ’
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7th _week @

In a 7th week pregnant mother, out of 11 embryos the
tissue of 1 was lost during processing, In the liver of
remaining 10 embryos the number of aberrations ranged
between 1 and 6., In a total of 1000 metaphases, the
frequency of individual type aberration was 39 or 3,9%
and the individual and gross types taking together was 47
or 4.7%,

Iin 5 embryoé of another mother, the number of
aberrations ranged between 2 and 2 and in a total of 500
metaphases the frequency of individual type was 5 or 1,0%
and the individual and gross type taking together was 29
or 4,8% (Table 15).

Treated series

e———

1st week s

Unfortunately no embryo was obtained from females
vhich were allowed to mate with treagted males in the first
week (Table 15).

2nd week 3

The 5 F1 living embryos obtained in a pregnant
mother of 2nd week mating, the number of aberration ranged
widely between 2 and 26. In a total of 500 metaphases
there were 20 or 4,0% individual types and 67 or 13,4%
gross and individual types taken together,
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In 5 embryos of another mother, -the aberration
number ranged between 5 and 24, In a total of 500
metaphases, there were 27 or 5.4% individual types and
72 or 14.4% gross and individual types taken together,
Therefore, the average frequency in embryos of two mothers
was not very different (Table 15).

3rd week

In 7 embryos of a 3rd week pregnant mother the
aberration number ranged between 16 and 38 and out of 700
metaphases of 7 embryos there were 49 or 7.0% individual
types and 142 or 20,28% both individual and gross types
aberrations taken together,

In another mother, out of 7 embryos obtained, the
liver tissue of 1 embryos was lost during processing and in
the remaining 6, the aberration number ranged; between 2
and 15, Out of 600 metaphases examined in 6 embryos, there
were 34 or 5.6% individual types and 54 or 9.0% both
individual and gross types taken together (Table 15).

4th week

Out of 7 embryos of a 4th week pregnant mother, the
tissue of 1 embryo was lost during processinge In the
remaining 6 embryos, the chromosome aberration number ranged
between 3 and 59.\ Thus out of the total 600 metaphases,
there were 112 or 18.6% individual types and 224 or 37.33%
taking individual and gross types together.

In a 2nd mother, 8 embryos were obtained in which
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the aberration number in liver ranged between 2 and 30
in Qifferent individuals., In a total of 700 metaphase,
there wgre 37 or 4,1% individual type and 130 or 14.4%
both individual and gross type’  taken together.

5th and 6th week $

Unfortunately like 1st week mating, no female was
pregnant in 5th and 6th week mating, Therefore, there
was no question of scoring the abérration data in embryos
of the treated series in these two weeks (Table 15),

Tth week $

In the 7th week mating programme, no lethal effect
was found unlike that of, 2nd, 3rd and 4th week mating
mentioned before (vide supra). However, it was very
interesting to see in the present study that though no
lethal effect was found but the cytological examination of
the liver cells of 8 embryos in a 7th week pregnant mother,
the number of chromosome aberrations ranged between 21 and 44.
In a total of 800 metaphases'there were 95 or 11.8% individual
types and .230 or 28,75% both gross and individual types taken
togethér (Table 15),

Comments

The analyéis of the chromosome aberration data in
the liver cells of different embryos in pregnant mothers of
the control series for seven week matings would reveal that



Table 15

Frequency distribution of chromosome aberrations assessed in 100 plates of liver cells per embryo
of 15 day old mothers mated to P, aeruginosa treated and control male parents at different weeks

Fix. Ind, Sex Individual type aberrations Gross_type aberrations . Grand %
week No. Break type Phy.type Total Num. Others Total total
Chr, Frag. Tran. Cons & Cent, Change
Ass. gap disso.

Mother I

149 4

Control

ist 1 M 1 - 4 - - 5 6 - 6 11 11,0
wk 2 M e - - - 3 3 - 4 7 7.0
3 M - 1 2 - 4 7 1 - 1 8 J 8.0

4 F '3 o - - 1 4 12 2 14 18 18.0

6 F 1 - 2 - 1 4 1 - 1 s 5.0

7 F 2 - 2 - 4_ 8 1 - 1 9 2.0

Total 7 1 13 - 15 36 25 2 27 63 2.0

Mother 1T Control

8 M 2 - - - 4 6 - 1 1 7 7.0

o M - - - - - - 1 1 2 2 2,0

12 F - 1 - - 3 4 - - - 4 4,0

e T 4 - - - = 3 3 2 ~ 2 s §°0

*In ;féated line not a single female was impregnant.



Table 15 (Contd.)

Fix, Ind. Sex Individual type aberrations Gross type aberrations Grand %
week No. Break type - Phy. type Total Num. Others Total  total
Chr. Frag, Trans. Gaps & Cent. cha.

Asso. cons. diss,.

Mothee & Contrcl

2nd 1 M . - - 1 1 2 1 2 3 5 5.00
wk 2 P 2 1 1 1 - 5 5 2 7 12 12.00
3 F 1 - 1 - 3 5 2 1 3 8 8.00
4 F - - 1 1 - 2 3 1 4 6 6,00
Total 3 1 3 3 4 14 11 6 17 31 7.75
Treated
2nd 1 M - - - 2 5 7 9 - 9 16  16.00
3 F 3 1 1 - 5 20 1 21 26  26.00
4 F 2 1 1 - 1 5 5 2 7 12 12.00
5 F o~ - 1 - 2 3 & 2 8 11 11,00
Total 5 2 2 3 8 20 42 5 a7 67  13.40

yET



Table 15 (Contd.)

Bix, Ind. Sex . ____ Individual type aberrations . Gross type aberrations Crand %
waak No. Break type Phy.tvpe . Totsal Nuym. Others Total total
Chr, Frag. Trans. Gaps & Cent. cha.
Ass0O, cConse. diss.
Mother II
Control
2 M - - 1 1 - 2 4 i 5 7 7.00
3 ?4 L - - - 71 7 1 - 1 8 8 L 00
4 F 1 - 1 1 2 5 - 1 1 6 6.00
5 F 1 - - 1 3 5 2 2 7 7.00
6 F 1 - - 1 3 5 1 - 1 6 6,00
Total 3 - 2 4 is5 24 12 4 16 40 6 .66
z‘,zd Treated
1 M 3 1 - 1l 4 9 12 3 15 24 24,00
2 M - - - 6 2] i5 5 3 8 23 23,00
3 M - - - - - - 8 -~ 8 8 8,00
4 M — - - - - - 4 1 5 5 5.00
5 F - - 3 - - 3 o - S 12 12.00
Total 3 1 3 7 13 27 38 7 45 72 14.40

SET



Table 15 {(Contd.)

Fix. Ind, Sex Individual type aberrations Gross_ type aberrations Grand %
No. Break type Phy. type Total Num. Others Total total
Chr. ¥rag. Tran. Gaps & Cent, cha,

Asso. COns. disso.

Mother I:!
Control |
1 M - - - 1 1 2 - 2 3 3.00
2 M - - 1 - 4 5 3 - 3 8 8.00
3 M - - - - 2 2 3 - 3 5 5.00
4 F - - - 3 3 2 - 2 5 5.00
5 F 1 1 - - 7 o 2 - 2 11 11.00
Total 1 1 1 - 17 20 12 - 12 32 6440
3rd wk Treated
1 M 2 1 3 - - 6 10 2 12 18 18.00
2 M 5 - 3 1 - 9 5 5 10 19 19,00
3 M 3 - - - - 3 6 3 9 12 12,00
4 M 2 - 2 1 - 5 7 4 11 16 16.00
5 F 3 - - - - 3 8 9 17 20 20.00
6 F 11 4 - 1 - 16 2 . 20 22 38 38,00
7 F 3 - - 2 2 7 10 2 12 19 19,00

ott

Total 29 5 8 5 2 49 48 45 23 142 20,28




Table 15 (Contd.)

Fix, Ind. Sex Individual type aberrations Gross type aberration Grand %
No, __Break typs Phy.typs Total Num, Others Total total
¥ht, Frag. Tran. Gaps & Ceat. . cha.

Asso. cons. disso.

Mother IX
Control
2 M 1 - - - 1 2 3 - 3 5 5.00
3 M - - - - 2 2 1 - 1 3 3.00
4 b4 - - - - 1 1 3 - 3 4 8.00
3rd"‘ :
wk
Treated
1 M - - - 1 1 2 4 6 7  7.00
2 M 3 1 3 - 1 8 5 2 7 i5 15,00
3 F - - 1 - 6 7 2 - 2 9 9,00
5 r 4 - 4 - 2 10 i 1 2 12 12,00
6 F - - 6 - 2 8 - 1 1 ) 9.00

LET

Total ? 1 14 - 12 34 1o 1o 20 54 9,00




Table 15 (Contd,)

Fix, Ind, Sex Individual type sberrations _ Gross t aberrations Grand %
No. Break type Phy, type Total Num. Others Total total
Chr. Frag. Tran., GCaps & Cent. cha.
Asso, cons. disse.
Mother I  Control

2 M - i - - 1 2 1 2 3 5 5.00
3 M - - 1 1 2 4 2 - 2 6 6.00
4 M - - - - 2 2 - 2 2 4 4,00
5 F - - 1 - 1 i 3 - 3 4 4,00
6 F 1 - - 1 2 4 - 1 1 5 5,00

7 F - fad - - L - L d - - - g
Total 1 1 2 2 8 13 S 5 14 27 3.85

adth
wk
Treated

© 1 M 1 - 4 - i8 23 15 8 23 46 16,00
2 M 2 - 4 2 18 26 12 5 i8 44 44.00
3 M 7 3 6 3 10 29 2 5 7 36 36.00
4 F - - 2 1 15 18 14 4 18 36 36.00
5 F 1 - 3 1 127 14 42 3 45 59 59.00
6 F - - 2 - - 2 - 1 1 3 8,00
Total 11 3 21 7 70 112 85 27 112 224 37.33

8El



Table 15 {(Contd.)

Fix, Ind. Sex Individusl type absrrations Gross_type aberrations Brand %
No. _bBreak type Phy, type Total Num. Others Total total
Chr. Frag, Tran. Gaps & Cent. ‘cha.

AsSso. cCcons,. disso.

6ET

Mother 11X
Control

2 M - - - - - L Lo - \ T - -
3 M 2 - - - 3 5 3 1 4 9 9,00
4 M - - - 1 4 5 2 3 5 10 10.00
5 F 1 1 - 3 5 - 1 1 6 6.00
6 F - 1 - 1 1 3 2 1 3 6 6,00
8 F - 1 - - 4 5 4 2 & 11 11,00
. Total ) 3 2 1 2 16 24 11 10 21 45 5.62

th
wik Treated

1 M - - 4 - - 4 5 - 5 9 9,00
2 M - - 2 - - 2 8 4 12 14 14.00
3 M - - 5 1 - 6 19 5 24 30 30.00
4 M - 1 e} - - 10 1 6 7 17 17,00
5 F - - 4 - - 4 7 2 9 13 13,00
6 F - - - - - - 3 - 5 5 5.00
7 F 1 1 3 - - 5 14 1 15 20 20.00
9 F - - 1 - 5 6 9 5 14 20 20,00
Total 3 2 2@' 2 s 37. 79 23 93 130 14.44




Table 15 (Contd.)

Fix., Ind, Sex Individual type aberrations Gross type aberrati.Grand % !
week  No, Break type Phy. type Total Num. Others Total  total
. Chr. Frag. Tran. Gaps & Cent. cha. -
Asso. coOns,. disso.
Mother I Control
1 M 1 - - - - 1 1 1 2 3 3600
2 M - - - 1 2 3 2 - 2 5 5.00
3 M - - - - - - 1 1 2 25060 2,00
4 P - - - - 2 2 3 - 3 5 5.600
5 F - - - - 3 3 1 - 1 4 4,00
6 F - - - & 5 5 - - - 5 5.00
Total 1 - - 1 12 14 8 2 10 24 4.00
5th Mother II Control
wk
7 M - - - 2 3 5 - 2 2 7 7.00
8 M - 1 1 - - 2 - - - 2 2,00
9 M - 2 - - 1 3 - 2 2 5 5.00
10 F 1 - - 2 4 4 ) | 2 é 6,00
11 F - - - - 4 4 - 5 5 o 2,00
Total 1 3 1 3 10 18 1 10 11 29 5.80

* Tn treated line not a single female was impregnant

o9t



Table 15 (Contd.)

Fix. Ind. Sex Individual type aberrations  Gross_type aberrations GCrand %
No. _Break type Phy. type Total Num. Others Total total
Chr. Frag. Tran. Gaps & Cent. Cha.
Asso. cons, diss.
Mother I
Control
1 M 2 - - - 2 - 1 1 3 3,00
2 M 1 - - i 1° 8 - 2 2 5 5.00
3 M - - - - - - i - 1 1 1.00
4 F - - - - - - - - L3 - Ll
5 F - - - - - - 2 2 4 4 4,00
6 F 3 - - 4 7 1 1 2 9 9.00
7 F - 1 1 - 2 4 1 2 3 7 7.00
Tok al 6 1 1 1 7 16 S 8 13 29 4.14
6th wk Mother II
Control
9 M 2 1 - - - 3 3 1 4 7 7.00
10 M - - - 1 2 3 2 1 3 6 6,00
11 F - 2 - - 5 7 2 - 2 ] 9,00
12 F 1 - 1 1 2 S - 2 2 7 7.00
13 F - - - 2 3 5 1 2 3 8 8.00
Total 3 3 1 5 17 29 8 6 14 43 7.16

* In treated

line, not a single female was impregnant.

132



Table 15 (Contd,)

Fix, . Ind. Sex Individual type aberrations Gross type aberrations Grand %
No. Break type Phy. type Total Num. Others Total total
Chr. Frage Tran. Gaps & Cent., cha,.
Asso., cons. disso.
Mother I Control
1 M 4 - - 1 - 5 - - - 5 5,00
2 M 3 - - - 3 5 - - - Y 5.00
3 M - - 1 - 1 2 3 - 3 5 5.00
5 F 2 i 1 1 - 5 - 1l 1 6 6,00
6 F 2 - - - 2 4 - - - 4 4,00
7 F 2 - 1 1 2 6 - - - 6 6,00
8 F 12 2 1 - - 4 1 - 1 5 5.00
9 F 2 - - - 1 3 - 1 1 4 4,00
10 F 1 - - - - 1 - - - 1 1,00
7th Total 17 3 4 7 8 39 6 2 .8 47 4,70
wk
Treated
1 R 4 2 2 3 7 16 17 - 17 33 33.00
2 M 1 1 4 2 1 9 17 - 17 26 26.00
3 M 4 2 - 2 6 14 12 5 17 31 31,00
4 M 5 - 1 2 1 9 13 - 13 22 22.00
5 M 2 - 2 - - 4 - 10 9 19 23 23,00
6 F 13 1 4 3 5 26 - i8 - 18 44 44,00
7 F 4 - 4 3 - i1 19 - 19 30 30,00
8 F 1 - 1 - 4 6 12 3 15 21 21,00
Total 34 6 18 15 24 95 1i8 17 135 230 28,75

A"
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Table 15 (Contd.)

Fix., Ind, Sex Individual type aberrations Gross type aberrations Grand %
No. -.Break type Phy. type Total Num, Others Total total
Chr, Frag., Tran. Gaps & Cent. cha.
Asso. QOHS. disso.
Mother IX
Control
11 M - 1 - - - 1 - 1 1 2 2.00
12 M 2 - . "1 - - 73 3 - 1 4 4,00
7¢h i3 F - - - - - - 2 3 5 S 5.00
wk 14 ¥ 1 - - - - 1 - 3 3 4 4.00
15 F - - - - - - 6 3 9 c 92,00
Total 3 1 1 - - 5 9 10 19 24 4,80

*In treated

line,

not a single

female was

impregnant.

EPT
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there were some embryos without any chromosomal aberratigm
while in some cases if the cases of centromeric disscciation
were eliminated assuming their doubtful genetic significance,
the frequency of individual type aberrations would be
reduced considlerably. In the liver of some embryos even

the individual type aberration was not found at all e.g. in
embryo No. 8 of 2nd mother of 1st week (Table 15), Therefors,
the occurrence of only very few gross type aberration in
some embryos might be considered as they were free from

real aberration of genetic significance, On the whole,

the frequency of aberrations observed in the embryos of
control series was not strikingly high in comparison to

that of treated series., ©Secondly, the average frequency of
aberration in the embryos of 2 mothers sacrificed in each
wveek did not differ very widely and maximum difference wag
seen in 1lst week, While it was very much different in
treated series,

The frequency of aberration in different embryos of
the treated series mothers in different weeks was quite
variable and relatively much higher than that of control.
The average freguency of aberrations in‘embryos of two
mothers did not vary much in 2nd week mating but in 3rd
@nd 4th week it was widely variéble.

If the data of the chromosome aberrations in the
liver of different embryos usually of 2 mothers in each
. week was combined (Table 16) it would be found that the
average frequéncy in the control series was 6,14% in 1st
week of which 53 of 3,7% were individual type and that
included 29 or 2.0% centromeric dissociation cases. In
the 2nd week, the average was 7.1% of which 38 or 3,.8% were
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ipdividual types which included 19 or 1,9% cases of
centromeric dissociation. In the 3rd week, the average
frequency was 5.1% of which 28 or 2.8% were individual
types and that included 24 or 2,4% centromeric dissociation
cases, In the 4th week, the average frequency was 4,8%

of which 37 cr 2.46% was individual types including 24

or 1.6% centromeric dissociation cases. In the S5th week,
the average was 4,81% of which 32 or 2,9% were individual
types including 22 or 2,0% centromeric dissociation cases,
In the 6th week, the average frequéency was 5.53% of which
45 or 3.4% was individual types includlng 24 or 1,8%
centromeric clissociation cases and in the 7th week, the
average frequency was 4.73% of which 44 or 2.9% were
individual types including 8 or 0,5% centromeric dissociation
cases (Table 16). Therefore, the frequency of individual
type aberration was very low when the centromeric
dissociation cases were eliminated, Further, the average
aberration firequency in the liver cells of different week
control series did not vary much;' In the combined data of
all weeks, the average frequency was 5.4% of which 277 or
3,14% was individual type including 150 or 1.7% centromeric
dissociation cases, Further, if the cases of gaps and
constrictions were eliminated, the true break type
aberrations of genetic significance like chromatid break,
fragment of unknown origin and translocation or association
would be 100 in 8800 metaphases i.e. 1.,1%. Even true
translocation was practically absent and they were mostly
association. Therefore, it seemed that some clastogenic
factors might have contained in the nutrient broth medium
which could be responsible for transmitting the effect in
the next generation.
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Treated series 1

The liver cells of embryos of mothers which
successfully mated to the treated males in 2nd week, 3rd
week, 4th week and 7th week had higher frejquency of
chromosome aberrations than that of controls while no data
were avallable in the remaining weeks possibly due to
sterility developed for the treatment of the bacterial log
culture, In two pregnant mothers of 2nd wzek mating with
the treated male, the average frequency of aberrations was
13,9% of which 4.5% were individual types including 2,1%
centromeric dissociation cases. In two 3rd week mating
mothers of the treated line, the average aberration frequency
was 15.07% of which 6.3% were individual tvpes including
1.,1% centromeric dissociation cases. In the 4th week, the
average aberration frequency was 23.6% of which 9,9% were
individual types including 5.0% centromeric dissocilation
cases and in the 7th week, the averdge aberration frequency
wag 28,.,75% of which 11.87% were individual type including
1,8% centromeric dissociation cases, If the ‘aberration
data in the liver cells of all embryos of pregnant mothers
of different weeks in the treated series were combined,the
average aberration frequency was 19.97% of which 8.13% were
individuval types including 2.91% centromeric dissociation
cases (Table 16).

The data further showed that when the individusal
types and gross type aberrations were compared between
control and treated zeries, it was found to be significantly
high in the treated .series indicating that the mutagenic
factor must be present even in the living embryos,



Table 16

Compiled data of chromosome aberration of Flﬂembryos at 15 days gastation in mothers mated from 1lst
to 7th weeks with control and the bacterium P. #eruginosa treated male, Control data are in brackets.

Fix., No.ocf No.of No,of Individual type aberr, Cross_type aberr. Grand %
mothers embry. meta, Break type ' Phy,. tyoe Total Nu, Others ¥Total total
Chr. Frag. Trans/ Cons. & Cent. ch.
Asso. gaps diss.
1st * * * @ @ % c: * * % * * * *
Wk (2) (14) (14000 (9) (2) (13) (=) (20) (53) (29) (4) (33 (g6 (6.14)
2nd 2 10 1000 8 3 5 10 21 47 80 12 92 139 13.90
Wk (2) (100 (10000 (&) (1) (5 (7 ( 19) (38) (23) €10) (33) (71) ( 7.10
3rd 2 13 1300 ° 36 6 22 5 14 83 58 55 133 196 15.07
WK (2) (100 (10000 (2) (1) (1) (= (24) (28) (23) ( =) (23) (s51) (5.10
4th 2 15 1500 12 5 49 8 75 149 155 50 205 354 23.60
wk ( 2) (15) (1500) (4) (3) (3) ( 4) C24) (370 (20) (15) (35 (72) ( 4.80)
Sth * & ® ® * % * L -4 * * * * *
vk (2) (11) (1100) (2) ( 3) (1) ( 4) ( 22) (32) ( 9) (12) (21) (53) (4.81)
6‘th %* ® " " A ~ * -3 * L * * % "
WKoo(2) (13 (13000 (9 (4 .(2) (e C24) (a5) (13) (14} (270 (92) ( 5.53)
Tth 1 8 800 34 ' 6 18 15 2¢4 + 95 118 17 135 230 28.75
VE (20 s (15000 (200 (4) (5 () ¢ i8) (a4) (15) (12) (27) (71) ( 4.73)
Grand 7 46 4600 90 20 94 38 134 374 411 134 545 919 19,97
totaliyg)  (s8) (8800) (52) (18) (30)  (28) (150) (277) (132) ( 67) (199) (476) ( 5.40) %

* -
No | pregnant.

-3
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The frequency of centromeric dissociation cases
in five groups of chromosomes in 1lst to 7 week treated
and control series embryos was analysed (Table 17),
However, a full comparison was not possible since no F1
embryos of the 1st, 5th and 6th week treated series were
available, Anyhow, in the parental generation, the
treatment of log culture yielded the frequency of
centromeric dissociations an overall increase than that
of control (Table 2) of which chromosome belonging to IV
and V were specimlly more involved. The highest
involvement was found in group V. An analysis of the data
of frequency distribution of centromeric dissociation cases
in different groups of chromosomes in the liver cells of
F1 embryos ¢of 15 day gestation showed tbhe chromosomes
specially belonging to groups IV and V had more involvements
of which the maximum was found in group V, But the
frequency unlike parental generation was little erratic.
It was relatively more in treated series examined of 2nd,
4th @nd 7th week mating but it was reverse in 3rd week
and in the average it was lower in the treated series than
that of control, However, since the data of lst week, 5th
week and 6th week were not available, the observation had
a limitation.

Comments

Since similar type of result for the occurrence of
much higher frequency of chromosome aberrations in F1
and F2 generations in mating programme of males treated
with add mutagens with normal virgin females using
antibiotic (Roy, 1982), chemosterilinat -~ D-glucose amine
hydrochloride (Banerjee, 1982), living mutagens S. aeraus
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(Ghosh, 1985) and S. lutea (Goswami, 1985), fungus -
spores of Aspergillus (Patel, 1982) was found in our
laboratory, Manna (1984) after reviewing the different
results advocated that there could be some locus or loci
in chromosome which in normal states maintains the
structural integrity of chromosomes but if mutated the
control may b2 lost. It was further stated that the
chromosomal mutation might lead to the production of
lethal effect when it was of vital nature otherwisge it
might produce general type aberration in the living
implants in F1 and Fz general as found in the present
study, Therefore, it seemed that the chromosomal mutation
was responsible for the lethal effect on the developing
embryos as well as inducing chromosome aberration in 1living
embryos of F1 generation.

With a view to finding out if the chromatid breaks
were nonrandomly distributed between and within chromosomes
in Fl generation, a total of 91 chromatid breaks obtained
in the liver cells of F1 embryos of treated series were
analysed (Table 18). The analysis revealed that chromosomes
belonging to groups I and II were relatively more susceptible
while those of group III to group V were somewhat resistant
when the observed and expected numbers were compared in five
groups of chromosomes (Table 18), However, the differencé
in some groups was not very striking. On the whole it
seemed that the chromatid breaks were nonrandomly
distributed which was also revealed when similar analysis
was made for the distribution of chromatid break is five
group of chromosomes influced by the treatment of log culture
of P. aeruginosa in parental generation (Table 3),
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Table 37

Complled data of frequency distribution of centric

dissociation in different particular groups ef

chromosomes in liver cells of 15 day old F, embryos of
different mothers mated at different weeks with the

P, seruginosa treated and control male parents (100 cells/
indv. were counted). Control data are in bracketsl

Fix. No,of No.of Total No, Or.I Gr.I1I Gr.III Gr,IV¥ Grp.To=-

mother indiv. vV tal
1st ¥ * * * * * * * »
vk (2) (14) (12400} (=) (=) (5 (7 an (29
2nd 2 10 1000 - - 7 - 14 21
Wk (2) (10) (1000) (1) (=) (4 ¢3) (11) (19
3rd 2 13 1300 - - 1 4 o 14
WK (2) (1)  (1100) («) (=) (4 (2) (18) ( 24)
4th 2 is8 1500 - 2 5 8 57 72
Wk (2) (150 (1500) (=) 3) (2) (4) (18) ( 24)
Sth * * '3 * * * »* % *
vk (2)  (11) (1100) (=) (1) (=) {e) (15 ( 22)
6th * # * * * * * * *
wk  (2)  (13)  (1300) («) (=) (=) (7 (16) (23)
7th 1 8 800 - - 4 8 12 24
vk (2)  (15)  (1500) () (&) () (2) (1 (9
Total 7 46 4600 - 2 17 20 92 131
“(14) (89) (8900) (1) (3) (13) (31) (99) (150)

* No pregnant female.
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Table 18

Group=wise and region-wise distribution of chromatid breaks
at 15 day gestation in F1 progeny of different mothers mated
at different weeks to the P, aeruginosa treated male parents

Region . Group . Total

I II 111 Iv Vv Obs, Expect.
Proximal 1 4 12 8 1 26 30,33
Middle 5 6 14 - - 25 30,33
Distal i3 10 13 4 - 40 30,33
Total Obs, 19 20 39 12 1 o1
Exp,./No. 9,1 18,2 45.5 13.65 4.55 91

The region-wise distribution of chromatid breaks in
the liver cells of F, embryos of the treated series (Table
18) also showed in the combined data that the distal
region was more vulnerable than the proximal and middle
region when the observed and expected numbers were compared.
The same trend was also seen in the bone marrow chromosome
aberration in adults treated with log culture of P, aeruginosa
(Tsble 3),

The occurrence of the same trends of nonrandom
distribution of breaks in chromatids in different groups and
region of bone marrow chromosomes of P. aeruginosa treated
specimens and that of liver cells of F1 enbryos at 15 day
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gestation of the treated series would suggest that there
gould be some inherent weaker region in chromosome which
would not only break by the presence of inducing agent but
also in the next generation which supported the presence
of some inherent weaker region in chromosomes advocated by
Manna and Mazumdar (1967) by the study of X-ray induced
X~chromosome aberrations in grasshopper and karyotype of
mice treated with odd mutagens (Manna, 1975). Recently
the heritable fragile site in humen cancer chromosomes has
been advocat=d by Michelle and Rowley (1984) which would
support the f£indings of nonrandom distribution of chromatid
breaks in Fl generation.
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b) E, individuals of 3 month old

'The Fl individuals of different week treated and
control lines at an age of 3 months were sacrificed after
the mating programme for F2 generation was over; The bone
marrow of both sexes for somatic chromosome aberration study,
the testis for the study of meiotic chromosome aberrations
and epiaidymal Spérm suspension Samples of the male specimens
for sperm count and sperm head morphology study were carried
out (vide dnfra),

Chromosome aberrations in bone marrow cells

antfol,line g

In the first week mating line the bone marrow
chromosomeé preparation made according to nethod deseribed
earlier revealed in five F, individuals of a mother the
number of chromosome aberrations ranging between 2 and 8
of which the fregquency of individual type was very
negligible other than few cases of centromeric dissociation.
Out of 500 metaphases examined taking 100 plates per
specimen, the frequency was 5.6% or 28 of which the
‘individual types were 15 or 3.0% including 13 or 2.60%
centromeric dissociation cases (Table 19).

an week ]

In a 2nd week mating mother, out of 6 F, individuals
(Table 19) the number of aberrations ranged between 3 and -
10. Out of the 600 metaphases of 6 individuals the average
aberration frequency was 38 or 6.33% taking both gross and
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individual types together of which 22 or 3.60% were individual
types including 13 or 2,.10% centromeric dissociation cases,

In 7 individuals of another mother of 2nd week
control line mating, the bone marrow chromosome aberration
number ranged between 2 and 8 (Table 19), In a total of
700 metaphases the average fregquency was 48 or 65.80% of
which 35 or 5,0% were individual type including 20 or 2,8%
centromeric dissociation cases,

3rd week ¢

In the 5 F, individuals of one mothér the number of
bone marrow chromosome aberrations ranged between 4 and 9
and in a total of 500 metaphases the average frequency was
30 or 6.0% taking both gross and individual types together
of which 12 or 2.4% were individual types including 9 or
1,80% centromeric dissociation cases (Table 19).

4th week 32

In 6 Fl individuals of a 4th week mating mother, the
number of bone marrow chromosome aberrations ranged between
4 and 9 and out of the total 600 metaphases taking both
gross and individual types together, the aberration
frequency was 34 or 5.83% of which 23 or 2.83% were
individual types including 16 or 2,66% centromeric
dissociation cases (Table 19).

In 6 Fl individuals of a 2nd mother, the number of
chromosome aberrations ranged between 3 and 11 in different

1
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individuals (Table 19), In a total of 600 metaphases

the average aberration frequency was 33 or 5.50% of which
18 or 3.0% were individual types including 8 or 1.30%
centromeric dissociation cases.

Treated line 3

lst week s

In 3 El individuals of a lst week treated line
mother, the number of chromosome aberrations was ranging
between 31 and 37, In the combined data of 3 individuals
out of 300 metaphases the average frequency was 103 or
34,33% of which 69 or 23,0% were individual types including
34 or 11,30% centromeric dissoclation cases (Table 19).

2nd week 3

In 5 F1 individuals of a 2nd week treated line
mother, the number of chromosome aberrations ranged widely
between 8 and 61 and in a total of 500 metaphases, the
average fregquency was 206 or 41,40% taking both individual
and gross tyre together of which {1 121 or 24.2% were
individual type including 70 or 14,.00% centromeric
dissociation cases,

In 3 Fl individuals of another mother of the 2nd
week treated line, the number of aberrations ranged between
5 and 12 and in a total of 300 metaphases of the 3 individuals,
the average aberration fregquency of gross and individual
types taken together was 26 or 8,.66% of which 16 or 5.1%



156

were individual types including 15 or 5.0% centromeric
dissociation cases (Table 19),

3rd week

In 3 F1 individuals of a 3rd week treated line
mating mother, the number of bone marrow chromosome
aberration ranged widely between 13 and 43. In a total
of 300 metaphases, the average frequency was 94 or 31.3%%
taking both individual and gross types together of which
64 or 21,3% were individual types which included 44 or
14.66% centromeric dissociation cases (Table 19).

4th week's

in 3 F1 individuals of a 4th week treated line
mother, the number of bone marrow chromosome aberration
ranged widely between 29 and 70 in different individuals,
Out of the total 300 metaphases the average aberration
frequency was 135 or 45.0% of which 75 or 25,0% were
individual types including 38 or 19.,0% centromeric
dissociation cases (Table 19),

Centromeric dissociation 3

It was mentioned while analysing the aberration
frequency data that the frequency of centromerie¢
dissociation was relatively high in the treated series,
However, there was differential response in different
groups because the frequency was highest in chromosomes
belonging to group V and followed by group IV and group
III while it was very rare in group I and in group I1I.


file:///7eek

Table 19

Frequency distribution of bone marrow chromosome aberrations assessed in 100 plates per
individual after birth in Fl progeny of different mother mated to the bacterium P. geruginosa
treated and control male parents.

Fix. Ind. Sex Individual type aberrations Gross type aberration Grand %
No. Break type Phy, type Total Num, Others Total total
Chr. Frag. Trans/ Gaps & Cent. cha,

ASso. cCoOnse. diss.

Mother I
Control
2 M - - - - 5 5 2 1 3 8 8.0
3 F 1 - - - 3 4 2 2 6 6.0
4 E - - - 1 4 5 - 1 6 6.0
5 P - - - - - - 1 1 2 2 2,0
Total 1 - - 1 13 15 10 3 13 28 5.6
1st wk -
Treated
1 M 4 - 6 - 18 28 z::‘) 2 g 37 37.0
2 F 1 4 S - - 10 6 g 15 35 35.0
3 P 1 - 14 ‘. 16 31 - - - 31 31.0
Total 6 4 25 - 34 69 8 16 24 103 34.33

LSt
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Table 19(Contd.)

Fix. Ind. Sex Individual type aberrations Gross type aberrations  Grand %
d No. Break tvype Phy. type Total Num. Others Total total
y Chr, Frag. Trans/ Gaps & Cent. cha.
ASs0O., COnS. disso.
Mother 11X
Control
2 M - 1 1 - 6 8 - - - 8 8.0
‘20 M 2 1 ‘2 1 - 6 - - - 6 6.0
i M - - - - [ ]
\§§3 3 3 2 2 5 5.0
J4. F 2 1 - 1 4 8 - -~ - 8 8,0
.5 F - -, - - - - - 2 2 2 2.0
46) F - - - 2 2 4. 1 2 3 7 7.0
22 F 1 - - - 5 6 2 - 2 8 8.0
Total 5 3 3 4 20 35 3 6 9 44 6.28
2nd wk
Treated
1 M 1 - 1 - 6 8 1 3 4 12 12,00
2 M - - - - 7 7 - 2 2 9 9,00
3 by - - - 1 - 1 - 4 4 5 5.00
Total 1 - 1 1 13 16 1 9 10 26 8.66

6ST



Table 19 (Contd.)

Fix. Ind. Sex ' Individual type sberrations Gross type aberrations Grand %
No. Break type Phy.type Total Num. Others Total total
Chr. Frag. Trans/ Gaps & Cent. cha.

Asso. cons. disso.

Mother I
. Control
i M - - - - 2 2 2 4 6 8 8,00
2 M - - - - - - - 4 4 4 4,00
3 P - - - - - - - S 5 5 5.00
5 F 2 - - 1 3 6 1 2 3 9 9,00
Total 2 - - 1 9 12 3 15 18 30 6.00
3rd wk
Treated
1 M 2 - 2 1 21 26 6 6 12 38 38,00
2 P 2 2 8 16 2% 12 2 14 43 43.00
3 P - - - 2 7 o 1 3 4 13 13.00

Total 4 2 10 4 44 64 19 11 40 94 31.30

091t



Table 19 (Contd.)

Fix. Ind.
No.

Break type

Phvye type

Chr. Frag. Ty.ans/ Gaps & Cent.

Individual type aberrations Gross_type aberrations

Grand
-total

%

AV D W N -

H oMoy R R

CS B - SO I« e ¢

8,00
9,00
5.00
4.00
5.00
4.00

Total
4th

35

wk

= =

29
36

70 -

Total

Total Num. Others Total

disso.

Mother 1

Control

3 5 3
6 8 i
5 5 -
l 1 3
2 2 3
- 2 2
16 23 12
Treated
24 24 5
20 21 15
21 30 40
65 75 60

135 -

191



Table 19 (Contd.)

Fix, Ind. Sex Individual type aberrations Gross_type aberrations Grand %
No. Break type Phy.type Total. Num. Other Total total
Cnhr, Frag. Trans/ Gaps & Cent. cha.
Asso,. cons. disso.
Mother II
Control
1 M - - - 1 1 2 3 - 2 4 4,00
2 M - 1 2 - 1 4 2 - 2 6 6.00
3 M - - - - - - 3 1 4 4 4.00
4 F - - - - - - - 3 3 3 3.00
5 F - 1 - 2 6 9 - 2 2 11 11.00
6 F - - 2 1 - 3 1 1 2 5 5.00
Total - 2 4 4 8 18 . 8 7 15 33 5.50
4th wk
Treated
1 M - - 1 - 16 17 - 4 4 21 21,00
2 F - 1 7 1 22 31 13 3 16 47 47,00
Total - 1 8 1 38 48 13 7 20 68 34,00

291



Table 20

Compiled data of frequency distribution of bone marrow chromosome aberrations after birth in
F1 progeny of different mothers mated at different weeks with the bacterium, P. aeruginosa
treated and control male parents (Control data &re in brackets)

Fix, No.of No.,of No.of Individual type aberrations Gross type aberrations _ Grand %
mother Fl meta. Break type Phy. type Total Num. Others Total total
adu1£ Chr. Frag. Trans/ Gaps & Cent. cha.

Asso, cont. disso.

300 6 4 25 - .34 69 8 15 24 103 34.33

1st 1 3

vk (1) {8 (5000 (1) () ¢ =) (1) (.13)( 15) ( 10) ( 3) (13) ( 28) (5.60)
2nd 2 8 800 10 5 37 2 85 137 55 41 96 233 29,12
vk (2) (13) (1300) (7)) (3) ( 3) (8) (83)(57) (14) ( 11) ( 25) ( 82) ( 6.30)
3rd 1 3 300 4 2 10 4 44 64 19 11 80 94 31,33
VK@) (5 (5000 (2) (2 (2 (1 9(12) ( 3) (15 (18 (30 (6.00
4th 2 5 500 5 1 11 3 103 123 51 29 80 203 40,66
wk (2) (12) (12000 (2) (3) (4) (8) ( a1)( 22) ( 14) ( 13) ( 27) . (68) (5.66)
Total 6 19 1900 25 12 83 11 266 393 133 96 240 633 33,21

(6) (35) (3500) (12) (&) (7) (18) ¢ 79)(125) ( 41) ( 42) ( 83) (208) ( 5.94)

£97
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The frequencies in treated and control line specimens were
11,33% against 2,60% in 1st week, 10.37% against 2,.53%

in 2nd week, 20,33% against 1,8% in 3rd week, 20.60%
against 2.,0% in 4th week and 13,.38% against 2,25% in all
weeks taken together, The trend was more or less the same
as found in the Psecudomonas treated and nutrient broth
injected specimens (Table 21). Anyhow the occurrence of
the higherr frequency of centromeric dissociation in the
bone marrow cells of F1 individuals of the treated line
could be explainedras due to some genetic factor but it

is yet to be substantiated.

General comment ¢

The average frequency of chromosome aberrations
in different F, individuals of the control line varied
narrowly between 5.6% and 6.33% while it was ranging widely
between 8.66% and 45.0% in F, individuals of the treated line
(Table 19). In the combined data of individual and gross
type aberrations,the &werage frequency was 34,33% against
5¢6% in the first week, 29.,12% against 6.3% in the 2nd week,
31,33% against 6,0% in the 3rd week, 40,66% against 5.66% in
the 4th week treated and control line respectively. If the
aberration data of all weeks were combined, the average
frequency was 33,21% in the treated line and 5.94% in the
control line indicating very significantly high frequency of
chromosome aberrations in the treated line., This could be
interpreted as due to the mutadenic factor in F1 generation
which was induced by the treatment of the bacterial culture
in the parental generation. Even this was indicated by the
chromosome: aberration data in liver cells of embryos of 15
day gestation because the frequency in treated line was
higher than that of control line (Tables 15 and 16). However,
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Table 21

Compiled data of frequency distribution of centric dissociation
in different of chromosomes groups/  in bone marrow of 30 day
old F1 progeny of different mothers mated at different weeks
with the bacterium, P. agruginosa treated and control male
parent, 100 cells/ind. were counted (Control data are in
brackets)

Fix, No.of No,of Total No. Gr.I Gr.,II Gr,III Gr.IV Gr.,V Total %

mother ind, of met, o

. ,; ‘
ist 1 3 300 - - 6 11 17 34 11.3%
¥k (1) (5) (500 (=) () () (1) (12) (13) (2.60),
2nd 2 8 880 - - 5 27 51 83 10.37\
WK (2) (13) (1300) (1) (1) (7 (48 (20 (33) (2.52)
3rd 2 3 300 2 1 14 14 30 61 20,33
YK (1) () (500) («) (=) (=) (=) C 9 (9 (1.80)
4th 2 S 500 - 1 21 35 46 103 20.60
wk)  (2) (12) (1200) - (=) (2) (3) (4) (15) ( 24) ( 2.00)
Total 6 19 2100 2 2 46 87 144 281 13.38

(6) (35) (3500) (1) (3) (10) (9 (36) (79) (2.25)
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the chromosome aberration data of the liver cells of
embryos and that of bone marrow cells of 3 month old F1
individuals of the treated lines showed that the freguency
was relatively high in the latter tissues ss it was 13.9%
against 29,12% in the 2nd week, and 15.07% against 31.33% in
the 3rd week and 23.6% against 40.6% in 4th week (Tables
16 and 20). On the otherhand if the averag¢ge aberration
frequency data of the liver in embryos and bone marrow

of F, adults of the control line compared, it was 6,14%
against 5.6% in the 1st week, 7.1% against 6,3% in the
2nd week, 5.1% against 6.0% in the 3rd week, 4.8% against
5.66% in the 4th week respectively (Tables 16 and 20)
showing not much difference in the two tissues., Since the
aberration frequency in the control line did not differ

so widely as that of the treated line referred to before,
it could be Que to the differential segregation of the
mutagenic factor present in the treated line,

Sex and aberration frequéncy relationship if anvy 3

The chromosome aberration data in liver cells of
egpbryos and bone marrow cells of adult Fy individuals
analysed before revealed that frequency was much higher in
F, generation of the treated line then that of control.
The data have been also analysed here with a view to -
find out if the sex factor had any differential response

(Table 22).

Theé sex of male and female embryos was determined
by the presence of the minute Y in male and its absence in
females besides two autosomes of more or less same size
in Vth group in the liver cells (Crippa, 1964). The
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average frequency of aberration in the ccm>ined data of
male and female specimens of control line of -different
weeks ‘did not differ appreciably.  The maximum difference
of 6.50% found between male and female embryos'was;in;ﬁhe'
1st week, The average aberrations €frequency of 42 male

and 46 female embryos of seven week control lines was 5,11%
in males and 5,81 in females indicating that there was no
.sdgnificant difference in the two sexes and secondly the
sex ratio was upto the expectation, The data of male and
female embryos in the treated 1line had some limitaﬁion
because no implantation was found in 1st, Sﬁhg,Sthfweek
and in the remailning four weeks the average frequency of
aberration was variable to some extent, The maximum
difference found in 4th week treated line was 28,0% in
male embryos against 19,75% in female embryos making a
difference of 9,25. In other weeks, the difference was not
so glaring: In a total of 24 male and 22 female embryos of
four weeks, the average aberration frequercy was 20:62 in males
and 21,37 in females indicating clearly that there was no
influence of 'sex factor' and the sex ratio was upto the
expectation,

Similar analysis of the chromosome éberration‘,
frequency in bone marrow cells of F; males and females
of control line (Table 22) did not show much difference
except in 1st week., In a total of 15 males and 19 females,
the averaée aberration frequency was 4.0 in males and 5,49
in females, Therefore, though the aberration frequency in
F, female embryos and adults was little higher than that

1 : o
'of flales but the difference was not significant,
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In the 4th week treated line, on the otherhand the
difference of 28,34 in the average aberration frequency
between F1 males and female was appreciable but in other
weeks, it was not so glaring. However, in a total of 9
males and 13 females of treated lines of four weeks, the
average aberration frequency was 34.22 in males and 35.75
in females rendering practically no difference in the
aberration frequency between two sexes, Therefore, it
could be concluded that the sex factor played no role in
influencing the aberration frequency both in control and
in treated line embryos and adults. The ¢laring
difference found in some individual week c¢ould be due to
the limitation of sampling,
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Sex-wise compiled data of chromosome aberration in liver-
cells of 15dday old embryos (Table 15) and bone marrow
chromosomes in 3 month old F, individuals (Table 19) of
control and treated lines of different weeks

In liver of 15 day old embryos

control Treated
Week Sex Average aber, Week Sex Average aber.
ist 6 male 650 ist No Implantation
8 female 5.87
2nd 4 male 6.50 2nd 6 male 13.00
6 female 7.50 4 female 18,50
3rd 6 male 4,83 3rd 6 male 14.50
4 female 5.50 9 female 15.57
4th 8 male 4,75 4th 7 male 28,00
7 female 4.85 8 female 19.75
5th 6 male 4.00 Sth &
5 female 5.80 6th No dimplantation
6th 6 male 4,66
7 female 6.28
7th 6 male 4.50 7th 5 male 27,00
9 female 4,88 3 female 31.66
Total 42 male 5.11 24 male 20,62
46 female 5.81 22 female 21,37
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Table 22 (Contd.)

N e In bone marrowreells
!Control Treated
Week  Sex - Average aber. Week  Sex Average aber.
ist 2 male 7.00 st 1 male 37.00
2 female 4,66 2 female 33.00
2nd 5 male 4,80 2nd 4 male 33.25
8 fmelae 6,00 4 female 25,00
3rd 2 male 6..50 3rd 1 male 38,00
3 female 6.00 2 female 28,00
4th 6 male 6.00 4th 3 male 28,66
6 female 5.23 5 female 57.00
Total 15 male 4,00 9 male 34,22

19 female 5.49 13 female 35.75
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C., Meiotic chromosome aberrations in 3 nonth<9;d F, males 3

The F, male individuals of 3 month old of both

,control and treated lines when sacrificed for the study

of the bone marrow chromosome aberration, the meiotic o
chromosome prejarations from their testes were also made
separately according to the method described before, The

| frequency- of aberration has been assessed in spermatogonial
metaphase, diakinesis; metaphase I and metaphase II but the
paucity of the dividing cells limited the data. ’

Spermatogonial metaghasert

The chromosome aberration types in spermatogonial
metaphaseés were of similar nature as described in the
Pseudomonas culture treated males described before, The
aberrations were individual types consisting of chromatid
break, acentric fragment .centriec fusion, precocious
centromeric ‘separation’ etc. (PM 86-90; Figs, 76=-81) and gross
types consisting of numerical changes, stickiness etc. The
individual type aberrations were limited in control) series
in comparison to that of treated series. Anyhow the
aberration freguency in males in different weeks for both
the control and the treated line was determined to
compare the effect,

Control line 13

1st weeknd mmi v

. Two male individuals of the 18t week control line
had no individual type aberration in 150 spermatogonial



Explanation of Photomicrographs

Photomicrographs of some affected spermatogonial
metaphase in male germinal cells of F, individuals
produced after mating of normal females to
Pseudomonas culture treated males,

.

PM 86. Spermatogonial metaphase plate with a’
constricted chromosome,

PM 87. A fragment of unknown origin.

PM 88, Plate showing spiral appearance of chromosome of
" which are showing a gap and a fragment.

PM 89, A polyploid cells with highly condensed chromosomes,

PM 90, Polyploid cell, some showing centric fusion.






Fig.
Fig,
Pig,.

Fig.

Fig.
Fig.

Explanation of fiqures

Camera lucida drawing of a part of spermatogonial
metaphase in F1 showing different types of aberrations

76.

77.
78,

79.

80.
81.

A chromatid break.
A chromatid break,

A fragment.,
A fragment.

A centric fusion between the chromosomes,

Precocious centromeric dissoication of a chromosome.
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metaphases., Taking all types together the aberration
frequency in two individuals was 9,.33% and 6.66% and out of
the total 150 plates, the average frequency was 8,0% (Table
23).

2nd week 3

In 2 F1 males of a 2nd week F1 control line, the
total spermatogonial aberration frequency was 7,14% in one
individual and 9,41% in another, In the combined data of the
two, out of 155 plates the average frequency was 8,38%. In
3 F1 males of another mother of 2nd week control 1line,
the frequency of aberrations ranged between 2.63% and 23.8%.
In one individual it was particularly absent except for
a polyploid cell, 1In a total of 111 spermatogonial metaphases
examined in 3 individuals, the average fregquency was 10.81%
(Table 23),

3rd week

In 2F1 individuals of the 3rd week control line, the
aberration frequencies were 16.66% and 9.87%. In the combined
data, the average frequency was 12,.,76% (Table 23),

4+th week ¢

In 3 F1 individuals of 4th week control line, the
frequency of aberrations ranged between 4,0% and 9,0% and
out of the total 300 spermatogonial metaphases of three
individuals, the average frequency was 6.33%., Three other
F1 individuals of another Mother of 4th week control line,
the aberration frequencies were 7.27%, 6.89% and 10.6%. In
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the combined data, out of 208 spermatogonial metaphases,
the average frequency was 8.17%. Therefore, in F,
individuals of 1st week to 4 week control lines, the average
frequency of spermatogonial chromosome aberrations ranged
between 6,33% and 12,.76% of which the frequency of
individual type was conspicuously low. It was absent in F1
individual of the 1st week control line, 7 in 266 or 2.63%
in the 2nd week, 1 in 141 or 0,92% in the 3xrd week and 11

in 508 or 2,16% in 4th week control line (Table 23),

Treated line 3

As compared to the control line, data of the
spermatogonial chromosome aberrations were limited in the
treated line but the frequency was significantly high.

1st week

In one Fl individual of 1st week, 15 spermatogonial
metaphases were observed, The frequency of total aberration
was 46.6% of which none was of individual type (Table 23).

2nd week

In two Fl individuals out of 57 spermatogonial
metaphases examined, the frequency of total aberration was

50,87% of which 5 or 8,77% were individual types (Table 23).

3rd weak 3

In one F, individual of 3rd week treated line, out

1
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of 25 spermatogonial metaphases, the frequency of total
aberration was 41.33% of which 8 or 10.6% were individual

4th week ;

In four F1 individuals of 2 mothers of 4th week, 1
had no aberration out of 24 plates examined while in the
remaining 3 individuals, the average frequency was 61.848,
In a total of 135 spermatogonial metaphase plates examined
only 3 or 2.2% were individual type (Table 23).

The chromosome aberration data in spermatogonial
metaphases of F1 individuals if combined in control line
and compared with that of treated line, the frequency would
be found conspicuocusly high in the treated line. The average
frequencies were 46.6% in treated line against 8,0% in the
control line of the 1st week, 50,87% against 9,39% in the 2nd
week, 41.83% against 12,76% in the 3rd week, 52.2% against
7.08% in the 4th week and 49.01% against 8.54% in the combined
data of all weeks (Table 24), Further, the frequency cf '
individual type aberration was relatively low both in control
and treated series, It was absent in both cases in 1lst week,
5 in 57 or 8.77% in treated against 7. in 266 or 2.63% in
control series of 2nd week, 8 in 75 or 10.66% against 1 in 141
or 0,92% in the 3rd week and 3 in 159 or 1.88% against 11 in
508 or 2,16% in the 4th week (Table 24). In the combined
data of all weeks, 16 in 306 or 5,22% in the treated series
against 19 in 1065 or 1.,50% in the control series (Table 24).
Therefore, frequency of individual type aberration was higher
in the treated line of 2nd and 3rd week mating and also in
the average ¢f all 4 weeks while it was li:tle lower in the
4th week,



Table 23

Frequency distribution of chromosome aberrations in Stermatogonial metaphase cells of 30 day
old F; males of control and bacterium P, aergginosa. %reated mating male parents of differemt weeks

Fix, Ind. Cells Individual type aberrations CGross type aberrations Grand %
coun. _Break type Phy.type Total Num,. Others Total total

Chr, Frag. Trans. Gaps & cha.
/Asso. Cons.

Mother I
; Control
1 75 - - ‘ - - - 7 o 7 7 9,33
2 75 - - - - - 4 1 5 5 6.66
Total 150 - - - - - 11 1 12 12 8.00
ist
wk
Tregted
1 15 - - - - - 2 5 7 7 46,60
Total 15 - - - - - 2 5 7 7 46,60
2nad ’ Control
wk
1 70 1 1 - - 2 2 5 3 5 T7.14
2 85 - - 1 2 3 3 2 5 8 9.41
Total 155 1 1 1 2 5 5 3 8 13 8.38

QLT



Table 23 (Contd.)

Fix,. Ind. Cells Individual type aberrations Gross type aberrations Grand %
coun. Break type Ph,t Total Num. Others Total total
Chr. Frag. Trans./ GCaps & cha.
AsSO. conse.
Mother I
2nd
wk Treated
1 22 - 2 11 13 13 59,09
2 35 - 6 5 11 16 45,71
Total 57 - 8 16 24 29 50,87
Mother II
Control
1 21 1 2 2 4 5 23.80
38 - 1 - 1 1 2.63
3 52 1 5 - 5 6 11.53
Total 111 2 ¢ 8 2 10 12 10,81
Brd Mother I
wk Control
1 60 - 4 6 10 10 16.66
2 81 1 3 4 7 8 9.87
Total 141 1 7 10 17 18 12,76
Treated
1 75 2 8 15 23 31 41,33
Total 75 2 8 15 23 31 41,33

oLt



Table 23 {(Contd.)

Fix, Ind. Cells Individual type aberrations Gross type aberrations  Grand %
- No. coun. Break type Phy.type Total Num, Others Total = total
' Chr. Frag. Trans/ Gaps & cha.
" Asso.. Cons.

aen R S . - Mother I
wk o ' , Control
1 1w00. - 1 - - 1 32
2 100 ' 3 4,00
9.00

O & O

6.00

Bl 9w W»

o1 .
3 100 .2 4 3
—

10 S 1 633

e

Nof o ke
{
8
%Y

Tbtai 300
Treated

1 45 - - - - - 22 13 35 35  41.33
2 30 1 - - - 1 20 1 2 22 73433

Total 99 1 - - B 1 42 14 56 57 57.57

Mother II

Control

7.23
10,60

Y X
& BN
~ O

WM

(o))

[+
NN
il B

¢
W g

w
~3T W

]

3 - 10 17 8,17

1 60 - - 2 - 2 23 1 24 26 43.33

Lit

Total 60 ~ - 2 - 2 23 1 24 26 43.33
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The frequency of chromosome aberration in
spermatogonial metaphases specially treated line males
was hich mainly due to the presence of gross types, the
genetical significance of which was not very clear, On
the otherhand, the frequency of individual type aberration
was relatively low but the genetieal significance of the
break type ones was known, In spite of the low frequency
they were relatively more in the treated line, Therefore,
the chromosome aberration frequency was found higher 4n
bone marrow cells (Table 21) as well as in spermatogonial
metaphases in the treated lines, This could suggest that
the mutagenic factor was transmitted for mating of Pseudomonas
treated males with virgin females in parental generation for
which frequency of aberration both in somatic and germinal
chromosome was higher than that of control.

Diakinesis s

Like spermatogonial metaphases, not very many
diakinesis cells were encountered per individual of both
control and treated F, males (Table 25). The aberration
were individual types consisting of chromosome and chromatid
breaks, fragments, translocation or bivalent associatioén,
precocious separation of autosomes and sex chromosome and
gross types showing stickiness, polyploidy etec. (PM 91-95;
Figs., 82-91). : )

Control lines 3

1st week 3

Two Fy individuals of 1st week control line had the



Explanation of Photomicrographs

Photomicrographs of some affected Diakinesis in male
germinal cells of F, individuals produced after mating
of normal females to Pseudomonas culture treated males

PM 91, Two bivalents each with a chromosome break,

PM 92, Two bivalents each with a chromatid break.

PM 93: A translocation or bivalent association.

PM 94, 18 bivalents, one with a chromatid break and
a fragment. '

PM 95, Sticky bivalents showing interbivalent connection.






Explanation of fiqures

Camera lucida drawing of a part of diakinesis nuclei
~of F1 males showing different types of aberration.

Fig, 82, A bivalent with a chromosome break.

Fig. 83. A bivalent with a chromosome constriction.

Fig; 84; A bivalent with a chromatid break.

Fig; 85, A bivalent with a chromosome break.

Fig; 86, A fragment of unknown origin,

Figs. 87 and 88, A translocation or bivalent association.
Figs 89. A multivalent, ‘
Pigs 90. Precocious separation of the autosomes and a

myltivalent,

Figs 914 Precocious separation of X and Y.
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frequency of aberration of 10,0% and 5.72% of which
individual types other than some instances of precocious
separation of autosome and sex chromosome pair were absent,
Thus out of total 75 diakinesis nuclei, the total frequency
was 8.,0% of which 3 or 4% were cases of precocious separation
(Table 25).

2nd week s

In the 2nd week control line 2 F, individuals of one
mother and 3 of another mother had aberration frequency
ranging between 5,71% and 14.28% of which the frequency of
individual type was relatively low (Table 25).

3rd week s

Two Fy individuals of a 3rd week mother, the aberration
frequencies were 3.33% and 7.27% of which the individual
types consisted only some precocious separation cases (Table
25),

4th week

{

Six Fl individqals of 2 mothers in the 4th week
control line had the aberration frequency in 3 individuals
of one mother ranging between 6.66% and 7.69% with an ‘
average of 7.113 determined from 225 cells and in other 3
individuals of the 2nd mother, had the frequency varying
between 7,36% and 14.28% with an average of 10.58% determined
from 189 diakinesis cells (Table 25),



Table 24

Compiled data of chromosome aberration in épermatogonial'metaﬁhase cells of F1 males of

control and bacterium, P, aeruginosa treated mating parents of different weeks., Control
data are in brackets. )
Fix, Ind. Cells Individual type aberrations Gross type aberrations Grand %
Ro. coun. Break type Ph.type Total Num., Others Total  total
Chr. Frag. Trans/ Gaps & cha.
Ass. conse.
1st 1 15 - - - - - 2 5 7 7 46,60
¥k (g) (150) (=) (=) (=) (<) (=) (1) (1) 2y a2z (8.00
2md 2 57 2 1 2 - 5 8 16 24 29 50.87
wk (5) (266) (1) (1) (1) (4) ( 7) (13) ( 5) (18) {25) ( 9.39)
3rd 1 s 2 1 3 2 8 8 15 23 31 41,33
WK (2)  (141) (=) (=) (=) (1) ( 1) (7 (10) (17) (18)  (12.76)
4th 4 159 1 - 2 - 3 65 15 80 83 52,20
WK (6X (508) (4) (2) (1) (4)  (11) (17) ( 8) (25) (36) ( 7.08)
Total 8 306 5 2 7 2 16 83 51 134 150 49,01
(15) (1065) (5) (3) (2) (9) (19) (48) (24) ( 91) ( 8.54)

( 72)

081
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Treated lines s

The number of male individuals available for the
study of diakinesis cells was less than that of control,

ist week 3

In one individual of the 1st week treated line out
of 40 cells encountered, the aberrations frequency was 25,0%
of which 5 or 12,5% were individual type, The latter was
of mainly multivalent or bivalent association,

2nd _week $

In the two Fl individuals of the 2nd week treated
line, the frequency of aberration in diakinesis cells was
64,0% in one and 33.33% in another individual and the average
frequency was 44.28% (Table 25),

3rd week @

In one F, individual of 3rd week treated line, the
frequency of aberration in diakinesis was 34.28%.

4th week

In the 4th week treated line 3 individuals of one
mother had the aberration frequency in 147 diakinesis cells
ranging between 27.69% and 40.0% and the average was 32.65%.
In 1 F1 individual of another mother -the aberration frequency
was 34.28% (Table 25).
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As observed in the spermatogonial metaphase, the
frequency of chromosomal aberration at diakinesis stage did
not vary very widely in the control lines of four weeks
mating. The average frequency ranged between 5.88% and
9,05% (Table 26), On the other hand, in the treated line
the frequency was relatively high. In the compiled data
the frequencies in treated and control lines were 25.0%
against 8,0% in the 1st week, 44,28% against 9,05% in the 2nd
week, 34.28% against 5.88% in the 3rd week, 32.43% against
8,69% in the 4th week and 34.24% against 8,45% in the average
of all weeks taken together (Table 25), However, the higher
frequency was partly due to the occurrence more cases of
precocious separation of some autosomes and the X and Y of
the sex pair, The break type of aberrations like chromosome
break, fragment of unknown origin, translocation or
associagion etc, were in low frequency in the treated series
while fhey were very rare or absent in control line (Table 26).
Even with the limitation of data, on the whole it was apparent
that the aberration frequency in chromosomes of diakinesis
cells was higher in treated lines than that of control. In
other wards the occurrence of higher frequency of chromosome
aberration in Fl generation of the treated lines would lead
us to think that it was due to mutagenic factor ériginated
by the treatment of Pseudomonas culture in male parent was
transmitted to the F1 generation through the chromosome
vehicle,

Metaphase I

The types of chromosome aberrations found in
metaphase I plates were more or less the same as found in
the diakinesis stage. There were both individual type
and gross type aberrations (PM 96-100; Figs. 92-97).



Explanation of Photomiecrograph

Photomicrographs of some affected metaphase I in male
germinal cells of Fl individuals produced after mating
of normal females to Pseudomonas culture treated males,

PM 96, Aneuploid metaphase I plates.

M 97, Two chromatid breaks, one translocation and
the precocious separation of an autosome.

PM 98 . A quadrivalent of association.

PM 99, Two plates, one with precocious separation of
autosome,

PM 100, 20 bivalents, of which one showing precdcious
separation.
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Egglanatiog of ficqures

Camera lucida drawing of a part of metaphase I
plates showing different types of aberraticns.

Fig. 93a.
Fig. 93,
Fig. 94,
Fig. 95.
FPig. 96,
Fig, 97.

A chromatid break,

A chromatid break,

A chromatid break.,

A bivalent association or translocatien.
A bivalent association.

The precocious separation of autosomes and sex
chromoscmes.






‘Table 25

Frequency dlstribution of chromosome aberratzon in diakinesis cells of F1 males of control and
the bacterium, P. aeruginosa treated mating parents of different week

Gross tzge aberrations Grand %

Fix. Ind, Cells _  Individual type aberratlons o A
A No. coun. __Break type = . Total Num, Others Total -  total
- Chr. F Frag. Mute Pre.seg; ch.
. . Asso. . Aut. . Sex. = L
st . o - : . Mother I
wk. | - ' Control
1 40 - - - 1 - 1 - 3 3 4 10.00
2 35 - - - 1 1 2 3 - a 2 5.72
Total 75 = - - 2 1 2 - 3 3 6 8.00
_ | Treated
1 40 1 -4 - - 5 - 5 5 10 25.00
Total 40 1 - 4 - - 5 - 5 5 10 25.00
2nd N . ' Controil - '
vk 1 50 1 - - - =1 - 8 2 3 6.00
2 45 . = - - 1 - 1 - 3 .3 4 8.88
Total 95 1 - - 1 -z - 5 s 7 7.36
| Treated
1 25 2 1 1 3 1 8 1 7 8 16  64.00
2 45 2 - 2 1 3 8 4 3 7 15 33.33

Total 70 4 1 3 4 4 16 5 10 15 31 44,28

€81



Table 25 (Contd.)

Fix, Ind, Cells ___ Individual type aberrations _ Gross type aberrations Grand %
No, count. __Break type Pre.,sep. Total DNum. Others Total total
Chr, Frag. Mute/ Sex
Mother II
2nd
wk Control
1 ~49 2 - 4 -7 14.28
2 70 1 - 1 2 4 5.7%
3 40 - - - 3 5 12.50
Total 159 3 - 1 9 16 10,06
Treated
1 Reduced testes
2 Do
3rd
wk Mother I
Control
i. 30 - - 1 - 1 3.33
2 55 - - 1 2 4 7.27
Total 85 - - 2 2 5 5.88
Treated
1 35 2 1 - 5 12 34.28
Total 35 2 1 - 5 12 34.28

141



Table 25 (Contd.)

Fix, Ind., Cells Individual type aberrations CGross type aberrations Grand %
No., count. Break type Pre.sep.  Total Num, Others Total total
Chr. ¥rag. Mute/ Aut, Sex. ch.
Asso.
4th Mother 1
vk Control
1 65 - - - - 2 1 2 3 5 7.69
2 75 - - 2 - 2 - 3 3 5 6.66
3 85 2 - - 1 3 2 1 3 6 7.05
Total 225 2 - 2 1 7 3 6 9 16 7.11
Treated
1 35 3 A - - 4 3 7 10 14 40,00
2 47 3 - 4 - 7 4 5 9 16 34.04
3 65 3 - 3 - 8 3 7 10 18 27.69
Total 147 9 1 7 - 19 10 19 29 48 32.65
Mother II
Control
1 49 - 1 - 3 4 32 2 3 7 14.28
2 45 1 - 1 - 2 2 2 4 6 13.33
3 95 - - - - - 5 2 7 ? 7.36
Total 189 1 1 1 3 & 8 & 14 20 10.58
Treated
1 35 2 1 1 1 5 2. 5 7 12 34.28
Total 35 2 1 ¥ 1 5 2 5 7 12 34.28

81
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Control line 3

ist week 3

In the first week control line two F; male
individuals had out of 100 plates each 8,0% and 7,0%
aberrations of which 3.0% and 5.0% were individual types
respectively (Table 27),

2nd week

In the 2nd week control line, 100 plates from each of
two F1 indiviiuals of one mother had 1.0% in one and 8,0%
aberration in another individual, On the other hand, theee
F1 males of a ng mother, the aberration frequency varied
between 4.0% and 8.0%., The average frequency was 6.0% (18
in 300 plapeéz (Table 27).

3rd week

In two Fl individuals of the 3rd week control line
the aberration frequency determined in 100 plates each was
1,0% and 3,0% and the average frequency was 2,0% (Table 27).

4th week

In three F1 male individuals of 4th week control line
the frequency of aberration determined from 100 plates each
varied between 5,0% and 9,0% and in 3 indilviduals of another
mother the abkerration frequency ranged between 5.0% and
8,0% (Table 27).
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Treated line :

st week

In the 1lst week treated line one F1 male individual
had out of 100 plates 30,0% aberrations.

2nd week 3

In two Fl male individuals of 2nd week treated line
out of 100 plates each, there were 34.0% and 36,0% aberrations
(Table 27),

3rd week 3

One Fj individual of 3rd week treated line had out of
100 metaphase: plates 42,0% aberrations.

4th wveek 3

In three F1 male individuals of 4th week treated line
out of 100 metaphase plates, the aberration frequency ranged
between 15,0/ and 73.0% while 1 individual of another mother
had 43,0% éberrations (Table 27). Therefore; at metaphase I
the fregquency of chromosome aberration was much higher than
that of control, The compiled data of chromosome aberration
frequency at metaphase I (Table 28) of four week control and
treated lines would show that the average chromosome
aberration frequencies were 30,0% in the treated line
against 7,5% in control line of the 1lst week, 35.0%
against 5,4% in the 2nd week, 42,0% against 2.0% in the 3rd
week, 38.25% against 6.8% in the 4th week and 36.87% against



Table 27

Frequency distribution of chromosome aberration in metaphase I cells of F1 males of bacterium,
P, aeruginosa treated and control males mating parents of different weeks to virgin females

Fix. Ind, Cells Individual type aberrations Gross_type aberrations Orand %
No. count. Break type Pre,sep, Total Num. Others Total total
Chr. Frag. Mute/ Aut. Sex cha.
ASSO0O.
ist wk Mother I
Control
1 100 - - - 3 - 3 - 5 5 8 8,00
2 100 - - ;i § 2 2 5 1 2 a ¥ 7.00
ToB8al 200 - - 1 5 2 8 1 6 7 15 7.50
Treated
1 100 5 1 2 6 5 19 7 4 11 30 30.00
Total 100 S 1 2 6 5 19 7 4 11 30 30,00
2nd vk Control
1 100 - - - - - - - 1 1 1 1,00
2 100 - - - 3 3 6 1 1 2 8 8,00
Total 200 - - - 3 3 6 1 2 3 e 4,50
Treated
1 100 2 - 3 ° 9 23 6 5 11 34 34.00
2 200 S ¢ = 4 9 8 26 8 2 10 36 36,00

Total 200 7 - 7 18 18 49 14 7 21 70 35.00

881



Table 27 (Contd.)

Fix. Ind. Cells Individual type aberrations Cross_type sberrations Grand %
No, count. Break type Pre.sep. Total Num, Others Total total
Chr. Frag. Mute/ Aut, Sex cha.
AsSs0.
2nd wk . Mother II
Control
1 100 - - - 3 2 . 5 1 2 3 8 8.00
2 100 - - - 2 - 2 1 1 2 4 4,00
3 100 - - 1 1 2 4 - 2 2 6 6.00
Total 300 = - 1 6 4 11 2 5 9 18 6,00
Treated
1 Reduced testis
2 Do
3rd wk Mother 1
Control
1 100 - - - 1 1 - - - 1 1.00
2 100 - - - i 1 2 - 1 1 3 3.00
Total 200 - - - 1 2 3 - 1 1 4 2.00
Treated
1 100 3 1 3 8 10 25 7 10 17 42 42,00

Total 100 3 1 3 8 10 25 7 10 17 42 42.00

681



Table 27 (Contd.)

Fix.. Ind, Cells Individual type sberrations Gross type aberrationg Grand %
No. count. _Break type Pre-sep. Total Num. Others Total total
Chr. Frag. Mute/ Aut. Sex cha.
Asso.
4th wk Mother I
Control
1 100 - - 2 2 - 4 1 - 1 5 5.00
2 100 - - 3 3 - 6 - 3 3 9 9.00
3 100 - - - 2 2 4 2 1 3 7 7.00
Total 300 - - 5 7 2 14 3 4 7 21 7.00
Treated
1 100 - - 18 7 4 29 19 25 44 73 73.00
2 100 1 - - 1 1 3 10 2 12 18 15,00
3 100 3 - - 4 4 11 3 8 11 22 22,00
Total 300 4 - 18 12 9 43 32 35 67 110 36.66
Mother II
Control
1 100 - 1 - - 1 2 3 - 3 5 5.00
2 100 - - 1 3 - 4 2 1 3 7 7.00
3 100 - - - - - - 5 3 8 8 8.00
Total 300 - 1 1 3 1 6 10 4 14 20 6 .66
Treated
1 100 2 1 3 15 3 24 14 5 19 43 43.00

Total 100 2 1 3 15 3 24 14 3 19 43 43,00

06T



Table 28

Compiled data of frequency distribution of chromoscme aberration in megsgphase I cells of Fy males
of control and the bacterium, P. aeruginosa treated males mated with normal females at different
weeks (Control data are in bzackets)

Fix. Ind., Cells — | Individual type aberrations Gross type aberrations Grand %
No., count. Break type Pre;sep. Total Num., Others Total total
Chr. Frag. Mute, Aut, Sex cha.
... Asso, L

ist 1 100 5 1 2 6 5 19 7 4 11 30 30,00
WK (2) (2000 () (=) (1) (5 (2) 8 (1) (30 ( 7N ( 15) ( 7.50)
2n@a 2 200 7 - | 32 18 17 . 49 14 7 21 70 35.00
wk (5) ( 600) («) (=) (1) (9 ¢ a7 (3 (6) (10) € 27) € 5,40)
3ra 1 1000 . 3 1 3 8 10 2% 7 10 17 42 42.00
@) (2000 (=) () () (1) (2 (3 (2 (1) (1) ( 4 (2,00
4th 4 400 6 1 21 27 12 67 46 40 86 153 38.25
Wk (@) (6000 (=) (1) (&) (10 (3) (200 @13) (8 (21 ( 41) ¢ 6.80)
Total 8 800 21 3 33 59 - 44 160 74 61 135f o 295 36.87

(15) (1500) ( =) (1) (8) (25) (14) (48) (17) (18) ( 39) ( 87) ¢ 5.80)

. 16T .
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5,8% in the average of all 4 weeks data taken together,

If only the frequencies of individual types were compared,
there were 19,0% against 8.0% in 1st week, 24.50% against
8.5% in 2nd week, 25.0% against 1.5% in 3rd week, 16.75%
against 3.3% in 4th week and 20,0% against 3.1% in the
average of all four weeks in the treated and control line
respectively, Therefore, the aberration freguency data in
the treated line were significantly high than that of
control at metaphase I like that of diakinesis stage,
Moreover, the average frequency in different weeks was
not very widely different as was expected (Tables 29 and
30)., The aberration frequency data at metaphase I also
supported the transmission of the mutagenic factor to

F1 generation in the treated line,

Metaphase II 3

Unlike spermatogonial metaphase, diakinesis and
metaphase I, the chromosomes of metaphase II appeared
somewhat despiralized for which many of them showed beaded
appearance. There were also some stickiness of the
chromosomes,L These made some difficulty for an acurate
determination of the chromosome aberration though the
frequency was higher in the treated line than that of
control, The aberration could also be put under two
categories as individual and gross types (PM 101-106;
Figs, 98=-107). -

{

Control line :

1st week

In the 1lst week control line, two F1 males had the


file:///ander

Explanation of Photomicrograph

Photomicrographs of some affected metaphase II in male
germinal cells of F, individuals produced after mating
of normal females to Pseudomonas culture treated males

PM 101, A chromatid breaks
M 102. A chromatid break and a constriction.

P 103, A chromatid break and a constrictionse.
PM 104, Two fragments and one centromeric dissoeiation.

PM 105, One break; one fragment and a constrictioen.

PM 106, A polyploid plate,






Explanation of figures

Camera lucida drawing of a part of metaphase II plates
showing different types of aberrations.

Figs, 98-103, Each with a chromatid break.
Figs. 104-105, Each with a fragment of unknown origin.

Figs. 106-167. A constriction.
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aberration frequencies of 8,33% and 6.15% and all were of
gross types. In a total of 125 plates examined the
average frequency was 7.20% (Table 29).

2nd week

In the 2nd week control line two F, males had 16,0%
and 18,03% aberration freguencies consisting both individual
and gross type aberrations. In a total of 136 plates
examined the average frequency was 16,91%. In three F1 male
individuals of another mother, the frequency of aberrations
ranged between 13.33% and 21.,15%, In a total of 135 plates
of 3 individuals, the average frequency was 17.77% (Table
29).

3rd week ¢

In two F1 individuals of a 3rd week control line
mother, the aberration fregquencies at metaphase II were
5426% and 7.27%:; In a total of 112 plates the average
frequency was 6,25% (Table 29).

4th week 3

In three Fl individuals of a 4th week control line
mothers, the aberration frequencies at metaphase II ranged
between 10.,76% and 13.33%. In a total of 189 plates, the
average frequeycy was 12.16%. In another three F1
individuals of a different control line mother, the
aberration frequencies ranged between 10,25% and 12,72%.
In a total of 199 plates of these 3 individuals, the
average frequency was 12.06% (Table 29), Thus in the
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control line the average aberration freguency appeared to
be more than what was found in spermatogonial metaphase,
diakinesis and metaphase I, This was possibly due to some
difficulty in determining the sberrations as mentioned
already,

Treated line

Ast week 3
One treated line Fq male of 1st week had 30 plates

showing various types of aberrations and the frequency of
all types taking together was 53,33%.

2nd week 3

Two treated line F1 individuals of a 2nd week had
the aberration frequencies of 59,52%, 66.0%. The average
was 63.04% (Table 29).

3rd week :

In one F1 individual of 3rd week treated line, the

frequency of aberration was found to be 58.82% in 68 plates

examined,
4th week 3
In 3 F1 individuals of a 4th week treated line, the

aberration frequencies ranged between 26,66% and 68.28%.
In a total of 63 metaphase I1II plates the average frequency
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was 49.2%, In another one F1 individual of a different
mother had the aberration frequency of 21,60% (Table 29).

The frequency was relatively higher than that of other
stages. In the treated line the frequency ranged widely
between 21.60% and 66,00% (Table 29) which was higher than
that of control, Thus a comparison of the average data of 4
week control and treated lines would show that in 1st week,
the average aberrations frequency was 53.33% in treated line
against 7.,2% in the control line; 63,04% against 17.,34% in
the 2nd week, 58.82% against 6.25% in the 3rd week, 39,0%
against 12,11% in the 4th week and 52,75% against 12.27%
in all weeks taken together (Table 30), Therefore, the
frequency of aberration at metaphase II in the treated line
was stiikingly higher than that of control line,

i

If the data of net increase in the aberration frequency
in 4 week treated lines were compared between spermatogonial
metaphase, diakinesis, metaphase I and metaphase II (Tables
23, 25, 27 and 29), they were 36.6%, 17.0%, 22.5% and 46.13%
in the 1st week, 41.48%, 35.23%, 29,60% and 45.7% in 2nd
week, 28,57%, 28,40%, 40,0% and 52,57% in 3rd week, 45.12%,
23,74%, 31.45% and 26.89% in the 4th week respectively., If
the aberration data of all weeks were combined, the net
increase in the average frequency was 40.47% in spermatogonial
metaphase, 25.79% in diakinesis, 31.07% in metaphase I, and
40.,48% in metaphase II (Tables 24, 26, 28, 30), The data
clearly showed that the net increase was considerably high
and therefore the limitation of the data would not make much
difference if only we conclude that the treated line had
higher frequency than that of control line. Further; the
spermatogonial metaphase appeared to be more susceptible and
the next one was metaphase II, In the other words, the
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mitotic chromosomes like that of bone marrow cells,
spermatogonial metaphase and metaphase II appeared more
valnerable than that of chromosomes of diakinesis and
metaphase I,

The result of the lethal test presented before has
indicative of the induction of mutation for the treatment
of log~culture of Pseudomonas tco male parents which has
also been supported by the occurrence of the higher frequency
of chromosome aberration observed in the living individuals
of F1 generation., Therefore, the log culture of Pseudomonas
contained some genotoxic agents which might have induced
chromosomal mutation in mice,




Table 29

Prequency distribution of chromosome aberration in metaphase II cells of Fl males of bacterium,
P. aeruginosa treated and control males mating parents of different weeks

‘Fix, Ind, Cells - _Individual type aberrations Gross tzge aberratien Grqnd %
No. count. __Break type _  TFhy.type tal Num, Others Total total
o -~ Chrs- Frag. Trans. - Gapsn& - cha. - S

1st wk - | - -~ " Mother I

' I | Control
1 60 - - - - - 32 5 . 5 8,33
2 65 - - - - - 1 3 4 4 6415

Total 128 - - . = - - 4 7 85 9 " 9' 1,0

Treated | |
't 30 4. 2 -1 1 - 8 = & 8 16 53,33

o , oo . . A Control " : ' . »
75 .03 1 - 1 s 2 5 12 - 16,00

1 ?
2 61 1 2 - - 3 A - 11 18,03
t ' 5

23 16.91

5y
®
]

rr ]
0
(>
461

1 42 3 2 2 - 7 7 11 18 25 59,52
\ | | ‘ | 15 19 33 ' 66.00
Total 92 9 6 . 5 1 21 1 26 37 58 63,04
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Table 29 (Contd.)

4 e -

Fix, Ind. Cells"

Individual type aberrations Gross type aberrations Grand

%

No. count. Break type Phy.type Total Nums Others Total total
Chr. Frag., Trans,. cha.
2nd wk Mother II
Control
1 45 - 2 2 2 4 6 13.33
2 38 1 3 1 3 4 7 18.42
3 52 2 4 2 5 7 11 21.15
Total 135 3 9 5 10 15 24 17.77
Treated
' 1 Reduced testis
2 Do
3rd vk Mother I
Control .
1 57 - b1 2 ~ 2 3 5.26
2 55 - - p 3 4 4 7«27
Total 112 - 1 3. 3 6 7 6.25
Treated
1 68 2 12 3 15 18 40 58,.82
Total 68 2 12 3 15 18 40 58.82

861



Table 29 (Contd.)

Fgx, Ind. Cells Individual type aberrations  Gross type aberrations Grand %
No. count, _Break type Ph.type Total Num. Others Total total
Chr. Frag. Trans. ‘Gaps & - cha.
/Asso. cons.
4tH wk Mother I
Control
1 65 2 1 - - 3 2 2 4 7 10.76
2 45 1 - o 1 2 - 4 4 6 13,33
3 79 - - - 2 2 2 6 8 10 12,65
Total 189 3 1 - 3 7 4 12 16 23 12,16
2 15 - - - 1 1 1 2 3 4 26 .66
3 28 1 - - - 1 2 1% 17 18 64.28
Total 63 1 - - 1 2 3 25 29 31 49,20
Mother IX
Control
1 105 3 2 - 2 r 2 4 6 13 12.38
2 55 3 - - 3 - 4 4 7 12,72
3 39 1 1 - - 2 - 2 2 4 10%25
Total 199 4 6 - 2 12 2 10 12 24 12.06
Treated
1 37 - - - - - 2 8 21.60

661



Table 30

Compiled data of frequency distribution of chromosome aberrations in metaphase 1II cells of F1
males of control and bacterium, P, gernginosa treated mating parents of different (Control data
are brackets)

Fix, No.,0f Cells Individual type aberrations Gross type sberrations Grand %
Ind., count. Break Phy.type . Total Num. Others Total total
Chr. Frag. Trans Gaps & § cha.
ist 1 30 4 2 1 1 8 - 8 8 16 53,33
WK (2) (125) (2 (<) (<) (=) (=) (4 (s5) (9 ( 9) ( 7.20)
2nd 2 92 ) 6 s 1 21 11 26 37 58 63.04
VK (5) (271) ¢ ¢ 6) (=) € 4) © (17 (11) (19) (30 ( 74) (17.34)
3ra 1 68 8 2 - 2 12 3 15 18 s ss.82(]
vk (2) (112) (=) ( =) («3 (1) (1) (3 (3) (6) ( 7 ( 6.25)
4th 4 100 1 - - 1 2 9 28 37 39 39,00
Wk (6) (388) (7 (P (=) (5) (19) (&) (22) €28) (a7) 12.11)
Total 8 290 22 10 6 5 43 23 77 100 153 52,75
(15) 1(896) (14) (13) (=) (10) (37) (24) (a9) ( 73) (110) (12.27)

goc
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D, Sperm count in 3 month old F1 males

With a view to finding out if there was any effect
on sperm number and sperm head morphology in the epididymal
sperm samples of F1 treated line males against that of
control line, these tests were carried out in the same 3
month old F, male individuals as they were used for the
chromosome aberration study in the somatic and germinal
cells described before,

Sperm depletion test 3

Epididymal sperm suspensions of treated and control
lines male individuals were prepared separately according to
the method described before and the average count was scored.

Result and comment s

In first week control line, count of sperms in left
and right epididymes in two F1 male individuals did not.
show an appreciable difference, The average count was 22,90
+ 0.34 and 16462 % 0,37 and in the combined data of the two
sides the mean average was 21.26 (Table 31).

In £hee F1 individuals of 2nd week control lines, the
sperm count in the left and right epididymes differed in
some cases and it was 18.60 + 0,25 and 26.32 + 0,49 as
the maximum in one individual. While in some cases it was
very negligible as 17.36 + 0.65 in the right ard 17.42 +
0.23 in left epididymes. Anyhow the average count of sperms
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in the left and right epididymis of 5 individuals were
combined and the mean values were 19,90 for the right
epididymes and 22.26 for the left epididymes (Table 31).

The combined average of the two sides was 21.17 which was
very close to that of 1st week control line (21.26)., In two
F1 individuals of 3rd week control line, the mean number

of sperm count did not vary much between the right and left
epididymes of wach individual and the average was found to
be 14,02 + 0,43 in one individual and 18,44 * 0,61 in another
individual, The mean value of 2 individuals was 16,23 which
was little lower than that of 1st and 2nd week Fl individuals,
In the 4th week control line the sperm count of the 6
individuals showed some amount of difference between the
right and left epididymes. The maximum difference was 24,04
+ 0,45 in the right epididymes and 17.64 £ 0,65 in the left
epididymis in the same individual, In some other individual
the differ=nce was very negligible as the values were

25,32 £ 0.35 and 24.88 + 0.,46. In the combined data of all
6 individuals, the average mean frequency was 24.17 in the
right epididymes and 21,29 in the left epididymes and 22.78
was the average of the left and right epididymes combined.
Therefore, in spife of the differences in the sperm count

in different individuals the mean average value did not
differ considerably as it was 21.26 in the first week 21,17
in the 2nd week and 22,78 in the 4th week but it Was 16.23
in :he 3rd week (Table 31).

The data of sperm count in the treated line had
certain limitation because very few males were avallable
for the study. In one individual of ist week treated line,
the average sperm count was 8,80 + 0,66 in the right, 4.52 #
0,46 in the left and 6.66 + 0.48 in the combined data of right
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and left epididymes which clearly indicated that the treated
line male had significant reduction in sperm count than that
of control as the mean value was 6.66 (Table 31) against
21.26 in the control line (Table 31). Two F, male individuals
of 2nd week treated line showed some degree of difference

in the) sperm count though the di fference was not so
significant between left and right side. The mean number of
sperms of the right and left epididymes taken together was
5,74 + 0.36 in one individual and 14.84 + 0,75 in another,
The average of the individuals taken together was 10,29 which
was significantly lower than the average of 21.17 of 5
individuals of 2nd week control line. In one Fl male of

3rd week treated line the mean count was 1.66 + 0,23 in the
right epididymes and 12.50 * 0.23 also in left epididymis
making the mean value of 6.68 + 0,80 of the left and the right
sides combined which was very significantly lower than the
average of 16.23 obtained in the 3rd week control line, In
the 4th week treated line the mean value of sperm count in §
individuals differed between the right and left epididymes.
In one individual the maximum difference was 22,04 + 0.98

in the right epididymes and of 9.68 * 0,73 in the left
epididymes. In some other, the difference was negligible as
it was 22,04 + 0.70 in the right epididymes and 22.84 * 0.69
in the left (Table 31), If the mean values of the left and
right epididymes of different individuals were combined, it
was found to range between 4.04 * 0,25 and 22.44 * 0.49.
Anyhow, if the mean values of sperm count of 5 individuals
were combined, the average mean was 14.85 in the treated

line against 22,78 of the control line (Table 31).

The data (Table 31) of sperm count revealed that
barring a few, in most casas the difference in the mean wvalue



Table 31

Mean average sperm count in the epididymes of Fl in different mothers mated to bacterium
P. aeruginosa treated and control males parents at different weeks

Fix, No,of Control No.of Treated
' indiv. Right epidi. Left epidi. R & L epdh. ¢ Right epid. Left epidi, R&& Le.comb,
Mean value (Mean value Mean value Ifdiv. (Mean value (Mean value (Mean value
+ S.E.) + S.E.) + S.E.) + S.E,) + S.E,) t S.E,)
Mother I
1st 1 22,96 + 0,40 22,84 + 0,57 22,90 + 0,34 1 8,80+ 0,66 4,52 + 0,46 6,66 * 0.48
vk 2 19,32 + 0.36 19.88 & 0.66 19.62 + 0.27
Average 21,14 21,36 21,36 8.80 4,52 6.66
2nd 1 21.08 £ 0.39 24,16 t 0.56 22.64 + 0.38 l1 6.68 £ 0,53 4,80 % 0,43 5.74 £ 0,36
Wk 2 18.60 + 0,25 26,32 + 0,49 22.46 + 0,61 2 10.16 £ 0.62 19,52 + 0,35 14,84 + 0,75
Avera
ge 8,42 12,16 10.29

v02



Table 31 (Contd.)

rage

'Fik;'/Nogdfy. Control No.,of _ Treated" _
. Indiv.  Right epidi, Left epidi. R_& L combs Indiv. Right epidi, le R & L comb.

, (Mean value {(Mean value (Mean value {ﬁEgﬁf;g%ﬁE—f (Mean value
v 3 20.32 + 0.36 24.64 + 0,44 22,48 + 0.42 3 Reduced ﬁéStis Absent -

4 17.36 £ 0.65 17.92 * 0,23 18.04 # 0.32 4 " _ 'Reduced testis =

5 22,20 & 0,40 18,28 + 0.17 20,28 * 0.35 ‘ - :

Ave- 19,90 22.26 21,17 . ,

rage . . — ' ; S

Mother I - : |

3rd 1 14,80 + 0.65 13.60 * 0,61 14,02 + 0,43 1 1.66 + 0,23 12.50 *+ 0.23 6.68 + 0.80"
M 19,44 #* 1,05 17.84 + 0.61 18.44 * 0.61 . . -

Ave- 17,12 15.72 16.23 1.66 - 12.50 6.68

=¢} 4



Eable 31 (Contd.)

No.of
Pix. Ind. Control Treated
— _ No.of
R t idi. Left idi R & L comb Indiv. Right epidi Ieft epidi, R _& L comb.
[(Mean value (Mean value (Mean value (Mean value (Mean value (Mean value
& S.E,) % S.E,) + S.E.) + S.E.) + S,E, ) + S.E,)
YMother I
4th 1 20,48 + 0.44 16.24 + 0.73 18,36 * 0,54 1l 13,36 + 0.48 20,00 ¥ 0,77 16.68 * 0.65
Wk 2 24904 + 0.45 17.64 + 0.65 21,14 + 0,64 2 22,04 £+ 0,95 9.68 + 0,73 15.86 % 1,04
3 25,32 * 0.35 24.88 + 0.46 25,10 % 0,29 3 15.88 + 0.80 14.64 + 0.84 15.26 + 0,58
Mother II
4 22,75 + 0.84 17.52 + 0.56 20,14 + 0.62 4 4.80 + 0,37 3.24 *+ 0.26 4,04 + 0,25
5 29,00 + 0,86 28.16 + 0.72 26,58 * 0.65 S 22,04 ¥ 0.70 22.84 + 0,69 22.44 * 0,49
6 23.44 4+ 0,78 27.32 # 0.57 25.38 * 0.55
Average 24,17 21,29 22,78 15.62 14,08 14.85

202
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of the left and the right epididymal samples did not

differ to a great extent, Further, in different week control
lines, the mean average did not differ appreciably but in

the treated line it differed quite a bit. Thé occurrence of
the lower count of sperms in the treated line than that of
control would definitely indicate that the effect of the
treatment of the log-culture to male parents was transmitted
in the F1 treated line males.
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E, Sperm head morphology in 3 month old F, males 3

The sperm head morphology in the control and treated
lines F1 males of 4 week matings was also conducted taking
600 sperms per individual, The smear preparation of sperms
stained with Gilemsa was made according to the method described
before, In both control and treated males, there were
sperms with both normal and abnormal head morphology (FM 107
a-j) but there was difference in frequency, Sperms with
abnormal head morphology were very much similar to those of
parental generation. In other words, it had indicated that
the abnormal sperm head morphology was not directly related
tc the toxic effect of the bacteria but it might have induced
by certain genetic changes for which higher frequency of sperm
with abnormal head morphology was obtained in the F1 treated
line males., The quantitative data (Table 32) of the sperms
with abnormal head morphology in 4 week control line males
would show that the frequency was not very high and the
average of 2 individuals taken together was 0.83% in the
1st week, that of 5 individuals was 1.80% in the 2nd week,
that of 2 individuals was 0.66% in the 3rd week and that of 6
" 4ndividuals was 1.08% in the 4th week (Table 32)., Further
the average frequency of sperms with abnormal head morphology
did not vary much in different week control lines,

In the treated line, however the average
frequency of sperms with abnormal head morphology was quité
high though there was some limitation in the data (Table 32),.
The average frequency of sperms with abnormal head morphology
was 11,66% determined from one F1 individual of the 1st
week treated line, 13,58% in two individuals of the 2nd week
treated line, 10.,33% in one individual of the 3rd week treated



Explanation of Photomicrographs

Photomicrographs of sperm with abnoraml head of F1
individuals produced after mating of normal females to
Pgeudomanag culture treated males.

PM 107a, A normal sperm head.

PM 107 b=j. Different types of sperm with abnormal head
morphologys
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line and 17.62% in four individuals of the 4th week treated
line. Therefore, the frequency of sperms with abnormal head
@orphology was distinctly higher than that of respective
éﬁntrol and the maximum difference was found in 4th week
(Table 32), "Further as compared to controls the average
frequency in 4 week treated lines was quite variable which
ranged between 10,33% and 17.62%. This could be due to

the random segregation of chromosome containing the mutated
loci. That the sperm head morphology could be under genetic
control was mentioned before (Wyrobek, 1979). The occurrence
of the higher frequency of abnormal sperms obtained in F1
males in different week treated lines than that of control
might be taken as a supportive evidence of the mutagenic
potentiality of the bacterium P. aeruginosa in mice systems.

Therefore, the bone marrow chromosome aberrations in
Fl male and female and in in meiotic chromosome aberrations
In spermatogonial metaphase diakinesis, metaphase I and metaphase
II, sperm count and spermg with abnormal head morphology showny,
significént difference between treated and control lines on
the whole indicated the ﬁutagenic potentiality of log culture
of P. aeruyginosa which was transhitted to Fl generation,



Frequency distribution of sperm with abnormal head

Table

32
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*

morphology in3month old F, progeny of different mothers
mated at different weeks to the P, aeruginosa treated

and control males,

Control . Treated
Fix No.,of Total No, Total - % No.,of Total No. Total %
timé indiv sp.head No .abn Ind. sp.head No,of
counted sp.head counted abn.sp.
counted head
counted
Mother I_
ist 1 600 6 1.00 1l 600 70 11,66
wk 2 600 4  0.66
Total 2 1200 10 0.83 1l 600 70 11.66
2nd 1 600 8 1.33 1 600 66 11.00
vk 2 600 22 3.66 2 600 97  16.16
Total 2 1200 30 2.50 1200 -163 13,58
Mother II
2nd 3 600 9 1.50
wk
4 . 600 i1 1.83
5 600 4 0.66
Total 1800 24 1.33




Table 32 (Contd.)
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Fix. Control Treated
time No.of Total No, Total 3 % No.,of Total No. Total No. %
indi. sp.head No. abn. Ind. sp,head of abn.sp.
counted sp.head counted head
counted counted
Mother I
3rd 1 600 6 1.00 1 600 62 10.33
wk 2 600 2 0.33
Total 2 1200 8 0.66 600 62 10.33
4th 1 600 4 0.66 1 600 190 31.66
wk 2 600 5  0.83 2 600 124 20.66
3 600 8 1.33 3 600 62 10,33
Total 1800 17 0.94 1800 376 20.88
Mother II
4th 4 600 7 1.16 4 600 47 7.83
wk 5 600 5  0.83
6 600 10 1.66
Total 1800 22 1.22 600 47 7.83
CGrand 3600 39 1.08 2400 423 17.62

total
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¥, Teratogenic effect :

a) In F, festus at 15 day of gestation 3

So far as the present author was aware the
teratogenic effect for the treatmént of log culture P.
aeruginosa had not been studied earlier though it was
reported that the treatment of P. aeruginosa caused some
kinking of the tail and deformities in hind limb etc., in
F, generation (see Manna, 1980). The present author
carried out some studies to detect the teratogenic effect
in embryos of 15 day gestation and in F, adults of 3 months
old while those specimens of the control and treated lines
were sacrificed for collegting the tissues for chromosome-
aberration study, sperm count and sperm head morphology etc,

Method

Each of the 15 day old embryos of control and treated
lines of different week mating soon after the removal of
liver, the entire embryo was fixed separately in absolute
alcohol and processed for Alezarine preparation with a view
to finding out if there was any skeletal abnormality. The
alcohol fixed embryos were kept for 4 to 5 months for proper
hardening with changes of absolute alcohol at every month.
After 4 to 5 months each embryo was put into 0,1% KOH
solution for about 2 hrs, then the embryo was transferred to
0,1% Alezarine solution (0.01 gm Alezarine powder, dissolved
in 100 ml of 0.1% KOH solution for staining for 10 to 12
hr). The stained embryos were transferred to dilute glycerine
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in distilled water (131) and left for overnight., Next
day, the embryos were transferred to pure glycerine
when the skeletan appeared darkly stained which could be
seen through the transparent muscles and the vegetative
parts,

Observation and comment :

In a total alezarine preparation of 94 F1 embryos of 7
week control lines, no skeletal deformity was observed in
any one of them. On the otherhand an examination of alezarine
transparency of 48 embryos (Table 14) of the treated line
resulted for mating of‘g,.aeruginosa treated males in 1st
week, 2nd week, 3rd week, 4th week and 7th week to differgnt
set of females, only one was found to have the ill-developed
last rib (PM 109) which appeared as a reduced bony element
in compared to that of normal (PM 108). Therefore, the
teratogenic effect was insignificant though it was found only
in the treated series. However, for lack of time no critical
study of the sections could be made. Therefore, no conclusion
was made for the presenf.

b) In 3 month old F, individuals organs 3

In a total of 35 control line F1 individuals
sacrificed for bone«marrow chromosome aberration study
(Table 20) in 4 week lines, no abnormality was observed in
their reproductive organ, and brain. ©On the otherhand
similar study in 19 F, adults of 4 week treated lines

yielded some abnormalities., In 3 F1 adults of the first week



Explanation of Photomicrographs

PM 108, Normal structure of the skeletal of mouse.

PM 109, Photomicrograph showing 1ill develop last rib,
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treated line no abnormality was observed in the two organs
mentioned above but on the other hand among 5 F1 treated
line adults of a 2nd week mating mother, 2 F1 females showed
abnormality in the morphological appearance of the brain
(PM 111.119), It was round, while the normal shape (PM
110) is oval elongated, Incidentally it might be mentioned
that these specimens were found to rest at a corner of the
cage and if disturbed they used to make vhorl-movement
1ike "Waltz mutation” recorded in mice. However, we could
not follow up further and no claim has been made for the
specific mutation but just reported the behaviour keeping
in view of the future study. In another mother of the 2nd
week treated line, three Fl adults consisting of 1 female
and 2 males showed that the female was with cone reduced leg
(M 125?),111-developed uterus and reproductive organ (PM 122 c)
and abnormal brain, the two males had ill-developed testes
(PM 122 a<b). It was interesting to note that all three
individuals obtained from this mother were of dwarf size
(PM 123 p, ¢, Ad) like dwarf mutation reported in mice, In
,///spite of»our best effort no breeding was possible using
those 3 dwarf specimens though they lived normally upto 3
months after which they became inactive and showed that
the death was nearing by. Therefore, the specimens were
sacrificed and some abnormalities were found which have
already been mentioned, In the 3rd week treated line, out
of 3 F1 adults obtained, two were females showing abnormal
roundish brain morphology and one male had i1l developed
testes (PM 121). One of the 4 F, individuals of 4th week
treated line of one mother, 3 showed abnormal brain
morphology while 2 Fl individuals of another mother did
not show any form of abnormality. The occurrence of rib


file:///-iere

Explanation of Fhotomicrographs

PM 110, Normal brain.

PM 111-114, Different types of abnormal brain.






Explanation of Photomicrographs

PM 115~119, Different types of abnormal braine.






Explanation of Photemicrographs

PM 120, Normal structure of the testis.
PM 121-1223,b. I11 develop testis,

PM2222c, Ill develop uterus.






Explanation of Photomicrographs

PM 123a. Normal individual.
PM 1231;:& Dwarf individuals.
PM 124a, Reduced fore limb,

BM 124b-c, Normal fore liibs.
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abnormality in one out of 35 embryos and reduced legq,
iabnormal brain and reproductive organ found in 8 out of 19
Fl adults and the complete absence of such abnormalities

in the control line would suggest the teratogenic potentiality
of the log culture sample of P. aeruginosa experimented on
male mice, However, as the sample for the present study of
the teratogenic effect was not very large, for which the
frequency appeared quite high (8 in 20 or 40%). Anyhow, it
was recorded earlier (see Manna, 1980) that the treatment of
P. aeruginosa induced some visible changes like kinking of
tail, deformities of hind limb in treated mice, All these
evidences together with the studiles carried out on the
progeny after the treatment the log culture of P. aeruginosa
to pregnant females presented in last chapter of the thesis
would confirm the teratogenic potentiality of the bacterium
while 1its clastogenic and mutagenic potentialiti%s have been
shown by various tests.
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G, Histological effect s

a) Effect on testis

The study of the histological section of the testes
of F, control line individuals of different weeks did not
show any difference in the structure as compared to that of
normal of control of parental generation, The study of the
histological sections of the testes of F1 individuals of 7
week treated lines showed little difference from that of
control. The epifihelium of the tubule of the testis was
normal (PM 125) like that of control but most of the
seminiferous tubules appeared to have lost their compactness
(PM 126~129)., A number of vacuoles (PM 128) appeared in the
tubules and in some cases the lumen was blocked (PM 127).
The spermatogonial and spermatocytic cells appeared to be
vacuolated than that of control (PM 129).

It has been said (Bal, 1984) that the histological
changes in the successive generation could be taken as a
parameter for the mutagenic potentiality of an agent. In
the present study there were some indications in the treated
lines while the control line had no effect, Thus when this
present finding was added to other evidences, the mutagenic
effect induced by injection of the -log culture of P.
aeruginosa to male parent would further be strengthened.
Moreover, the treatment of the log culture reduced
considerably in reproductive potentiality which was supported
by the effect in the histological structure of the testis,



Explanation of ot aphs

Photomicrograph of T.S., of Testis in Fl generation.

PM 125, Normal structure of T.S. of testis,

PM 126, Degeneration of the follicular cells lining.






Explanation of Photomicrographs

Photomicrographs of T.S, of Testls in Fl generation.

PM 127, Blocked lumen, vacuolation in the tubules and
a lumen without spermatozoa,

FPM 128, Many vacuolation within the tubules and a lumen
without spermatozoa.

FM 129, Vacuolation within the follicular cells.
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b) Effect on ovary 3

The 2nd week and 4th week treated line F1 female
individuals, which did not have successful mating were used
for the present study in order to £ind out if any histological
changes was related to the sterility., The histological
sections of the ovaries of the treated lines were compared
with that of control line females which 4id not have
successful mating. In the control line the histological
sections of the ovary showed some amount'of differences
from normal structures (PM 130-147), In the control line,
the section of the ovaries of 3 females of the 2nd week and
2 females of the 4th week showed variable number of large
perivitelline spaces in secondary andGgaafiany maturing
follicles, The maximum nuwsber of two nucleoli was found
in a few cases (Table 33), Further, in some cases a clear
perinuclear cavity was seen in the mature follicle (PM 134-136).
These changes might not have any genetic significance but
they could imply the reason for the failure of regular
ovulation. The frequency was found to range between 3,94%
and 15.23% in the secondary follicle and between T677% and
12,94% in Graafian or maturing follicles (Table 33). In
histological sections of the treated line the main differences
were attributable to the number of nucleolil and the fregquency
of abnormalities was remarkably high in most cases that of
control, The frequency ranged between 3,89% and 76.47% for
secondary follicles and between 8,0% and 96.66% in ‘Graafian
follicles or maturing ova, (Table 33). Therefore, though both
control and treated 1line Fl females did not have offsprings
due to some reproductive failure it was obvious in the
sections of the ovary of treated line females,



Expl i of [} 0

Photomicrographs of the secondary follicles in F1 females.

M 130,

®» 131,

PM 132,

PM 133,

Secondary follicles with fragmented nucleolus.

Secondary follicles with two micronucleoli within
a nucleus,

Large perivitelline space in secondary follicle
with granular cytoplasm,

Large perivitelline space with many vacuolation
dn the cytoplasm of a secondary follicle.






Explanation of FPhotomicrographs

PM 134-135,. Perinuclear space within the secondary






Explanation of Photomicrographs

Photomicrograph of abnormal maturing or/Graafian
follicles in Fl females ovary.

PM 136, Perinuclear space within the follicle,
PM 137, Two micronucledli within the nucleus,

PM 138, Large perivitelline space and two nucleoli
(One mega and one micro) within the nucleus.






Explanation of Photomicrographs

PM 139, Two micro nucleoli within the nucleus,
PM 140, Two nucleoli within the nucleus with a bridge.
PM 141, Three nuclei within the follicle .,

PM 142, Two micro and two macro-nuclecli within the
nucelus,






Explanation of Photomicrographs

Photoﬁicrograph of abnormal maturing/CGraafian
follicles in Fy females ovary,

PM 143.‘Large perivitelline space with two micro
" and one macro-nucleoli within the nucleus,

PM 144, Two microe~ and one macro-nucleoli within the
nucleus,

PM 145. One micro- and one macro-~nuclei within the
i nucleus,






Explanation of Photomicrographs

Photomicrograph of abnormal maturing or/CGraafian
follicles in 7, females ovarye

PM 146, Two large nucleoli and chromatin elements within
the nucleus.

PM 147, Two large nucleoli near the nuclear membrane.
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¢c) Effect of uterus

The study of the histological sections of the uterus
of the 2nd and 4th week F1 control and treated line females
mentioned before showed no difference in two lines, This
would imply that the sterility could have developed due to
the effect in the ovary and/or testes but not due to the
mecessory part of the reproductive organ,

General comments on Chapter IT 3

The cytological assays in F1 generation carried out
by various methods mentloned before have shown that the
treated line individuals had much higher effect than that
of control line,

The lethal test conducted for the post implantation
loss at 15 day gestation and at the end of weaning period
after parturition suffered from adequate data. In some
weeks- no pregnancy was found e.g, 5th and 6th week 1in the
treated line while in other week also the data were limited.
Thus it seemed that some sterility developed and/or reproductive
potentiality was reduced. Though the data of the lethal
test suffered limitation because of the sterility infertility
problem, even then it showed that the mutagenic index was
higher than that of control.

\

The study of the chromosome aberration in the liver
cells of embryos of 15 day gestation and the bone marrow

cells of 3 month old F1 showed significantly high frequency
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of aberrations in treated lines than that of the
corresponding controls, This would support the mutagenic
effect produced for the treatment of log-culture of

P. aeruginosa to male parent mice, This was also supported
from the result of the meiotic chromosome aberration studied
in 3 month old F1
by the sperm depletion test and the frequency of sperm with
abnormal head morphology. Besides the mutagenic effects,
the study of teratogenic effects and histological changes in

treated line males against controls and also

the testes, ovary and uterus also supported genotoxic
potentiality of the log culture P. aeruginosa. That the
cytological phenomenon is under genetic control was ppstulated
for chromosome pairing Herdeum and Secale (Gupta, 1985a, b)
chromosome aberrations by Manna (1984) and so on.

Some lacunae of the present study have been mentioned
already which concerned mainly with the limitation of the
data in some cases, This was unavoidable because there was
a tremendous fall in the reproduction potentiality. Even
repeating the experiment using good number of Fl males and
females did not help to improve this draw back. The
frequency was found exceedingly high in the treated line
which would favour the transmission of mutagenic factor to
the F, generation,



Table 33

Frequency of ovum abnormality in Fl female progeny of different mothers mated at different
wveeks to P. aeruginosa treated male parents

Fix, Stage Total Large Nucleus Nucleus Nucleus Peri- Atri, Total %
No. P.V. 2 3 4 nucleus foll,
space cavity
Control
2n@ 1 Gf/M 70 4 1 - - - 1 6 8,75
vk S.F, 76 3 - - - - - 3 3,94
Total 146 7 1 - - - 1 9 6.16
Treated
1 Gf/M 75 3 1 -~ 2 - - 6 8,00 '
S.F,. 77 1l i 1 - - - 3 3.89
Total 152 4 2 i 2 - - 9 5.92
\\
Control
2 GfM 90 4 - - - - 3 7 7.77
SOF. 120 6 - - Ao 4** §¢ 10 8033
Total 210 10 - - - 4 3 17 8,09

oce



Table 33 (Contd.)

Fix, Stage Total Large Nucleus Nucleus Nucleus Peri- Total %
NO ™ P.V. 2 3 4 nuc leuS fOIl .
space cavity

N . ) Treated
2nd 2 GE£/M 61 32 20 3 1 - 56 83.60
wk S.F. 120 50 8 2 - 3% 63 52,50
Total 181 82 28 5 1 3 119 65.74

Control
3 Gr/M 85 7 2 - - - 11 12,94
S.F, 135 9 - - - JRX 12 8.88
Totral Q20 1e 2 - - 3 23 ‘o 4s

Treated
3 "GE/M 60 43 S 1 4 5 58 96,66
S.F, 102 41 2 —e - 35%% 78 76.47
Total 162 84 7 1 4 40 136 83,95

12¢



Table 33 (Contd.)

Pix. Stage Total Large Nucleus Nucleus Nucleus Perie Atri, Total %
No. PV, 2 3 nucleus foll.
space cavity

Control
4th 1 GEf/M 110 3 1 - 2 4 10 9.09
wk S.F. 120 7 - - ar* 11 9.16
Total 230 10 1 - 6 4 21 9.13

Ve

Treated
1 Gf/M 60 36 4 2 3 4 51 85,00
S.F, 122 54 2 - 30*¥* - 86 70.49
motal 182 20 6 2 33 4 137 75.27

Control
2 Gf/M 110 5 2 - 2 3 12 10,90
S.F, 105 9 - - Tr* - 16 15,23
Total 215 14 2 - 9 3 28 13.02

* Tri nucleated

** Cytoplasm abnormal.

cee
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CHAPTER III

Cytogenetic Assays in Second Filial (F2) Generation

A, Lethal test

a) At _the end of weaning period of the mother 3

It has been mentioned before that the lethal
so=~called ‘'dominant test' was conducted in F1 generation in
mice by various worker after mating the treated male parents
to virgin females by the assessment of the pre-implantation
loss or post-implantation loss., The effect, was presumed to
be due to the induction of dominant lethal and, therefore,
they did not follow the F2 generation. On the other hand Manna
and his collaborators (Manna, 1980, 1981, 1982; Roy and
Manna, 19817 Manna and Patel, 1981, 1988) found that if Fy
individuals of the treated line were selfed, in F2 generation
some lethal effect was indicated,

However, in the present study, the lethal effect was
not possible to evaluate when Fl males and females of the
treated line of different weeks were separately mated
(Table 34). In the control line the data were extremely
limited because the reproductive potentiality of the F1
individuals was also seriously affected., An analysis of the
data of the control line at gestation and after parturition
would show (Table 34) that 2 pregnant females in each of
i1st, 2nd, 3rd and 4th week ylelded all living implants except
1 dead implant in 3rd week. Therefore, the data oviously
showed that no lethal factor was operating in the control
line, However, out of 13 F1 females deployed for mating,
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8 were pregnant indicating that there was some sterility
or else the reproduction was impaired for the effect in the
germinal gland and the gametes,

The data of the lethal effect in the 1lst to 4th week
treated line were seriously handicapped because practically
no pregnant female was obtained by selfing Fl male and
females in these weeks, Out of 10 females allowed for
mating only two, one of 2nd week and the other of the 4th
week were pregnant (Table 34), Both of them had 4 living
implants and none was dead, Therefore, nothing could be
said about the lethal effect in F, generation in the treated
line and as such it was absent, A proper judgement was not
possible, However, the occurrence of the chromosome
aberration,; histological changes in the reproductive organs,
the sperm head morphology and sperm depletion test might
indicate that the effect of bacterium was present in the
F2 generation.

B. Somatic chromosome aberration in F2 generation
a) In liver of embryos of 15 day destation

The liver of living embryos of 15 day gestation
obtained from inbreeding of Fy male and female of 4 week
control lines were processed for the study of chromosome
aberrations. The preparation of the liver cell of each
individual was made according to the procedure described
before.,

Qualitatively the aberrations were in the form of
individual type and gross type with variable frequencies in
different individuals. Six F, living embryos, 3 males and 3
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Table 34

Data- of lethal test in F2 raise from different mothers of
treated and control mated with Fl males

Week No.of fem., No.of Mother At Total No,of No.,of
allowed pregs No. Nosof 1live dead
for mat, fem, impl l. i .
1st wk ' Control 1ine
3 2 1 Ges 6 6 -
2 Partu. 5 5 -
Total 3 2 2 11 11 -
Treated line
2 - - - - -
Not impregnated
2nd wk Control line
4 2 1 Ges 5 5 -
2 Partu. 6 6 -
Total 4 2 2 — 11 11 -
Treated line
3 i 1 Partu, 4 4 -
Total 3 1 1 4 4 -
3rd wk Control line
3 2 1 Ges 6 5 1
- 2 Ges . 7 7 -
Total 3 2 2 i3 12 1
Treated line
1 Not impregnated
2 Do
1 - - - - -
4th wk Control line
3 2 1 Ges 7 7 -
2 Partu. 6 6 -
Total 3 2 2 13 13 -
Treated line
1 Rot impregnated
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females of a F; mother of 1st week control line had very
little 4individual type aberration. If the cases of
centromeric dissociation were disregarded, two embryos

would have no individual type aberration. The frequency iné
F, embryos ranged between 2:0% and 9.0% and the average was
6.5% (Table 35), In the liver cells of 2nd week control
line embryos more or less the same situation was found., Out
of 2 males and 3 females of a Fl mother, the frequency of
aberration ranged between 4,0% and 8,0% and the average
frequency 6,6%, Similarly in 2 male and 3 female embryos of
a 3rd week, Control F, mother, the frequency of aberration
ranged between 3'¢Jand 9.0% and the average was 6.4% (Table
35), Further 3 male and 1 female of another F, 3rd week
control line mother had the aberration frequency ranging
between 6,0% and 8.0% and the average frequency was 6.75%.
In 4 males and 3 females F2 embryos of a 4th week control
line mother, the chromosome aberration frequency ranged
between 1,0% and 11,0% and the average was 7,0% (Table 35).

If the aberration data of a total of 27 embryos
obtained from 5 mothers of four week control lines were
combined out 2700 metaphases examined in liver cells, there
were only 10 or 0,3% chromatid breaks, 3 or 0.11% acentric
fragments, 3 or 0.11% translocation or associations, 19 or
0.7% gaps and constrictions, 70 or 2.5% centromeric
dissociations making a total of 106 or 3.9% individual type
aberrations. Further, the cases of centromeric dissociation
if disregarded, the average frequency would be reduced to 1.2%.
The frequency of gross type was 74 or 2.7%. Therefore, the
average frequency of both individual and gross type aberrations
taking together was 180 or 6:6%. However, as mentioned before
some of the embryos practically had no individual type of
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aberration if the cases of centwomeric dissociation was
disregarded. If the average aberration frequency in
different week of control line was compared (Table 35)

with that of F, generation (Table 16) it would be found
6+5% against 6,14% in the 1st week, 6.8% against 7.1%

in 2nd week, 6.5% against 5.1% in 3rd week, and 7.0% against
4.8% in the 4th week respectively., Therefore, the frequency
of aberration did not vary appreciably in control line
embryos of Fl and F2 generation.,

It was mentioned before that as the number of pregnant
mothers in the @reated lines was limited, théy were not be
sacrificed during gestation, Therefore, in the absence of any
data of chromosome aberrations in the treated line F, embryos,
we could not make any comparison with that of the control
data, However, there was another way of comparison because
instead of F2 embryos, some F2 adult individuals were available.
They were sacrificed at the age of 3 monhths to study the
meiotic chromosome aberrations, sperm depletion, sperm head
morphology etc., with a view to compare with the corresponding
control (vide infra).

'b) F, individual of 3 mohwth old ¢

Bone marrow chromosome aberrations @

The bone marrow chromosome aberrations in 3 month old
individuals of F2 had gqualitatively the aberrations in the
form of individual types and gross types (PM 148-159; Figs.
108-127) in variable frequencies, In three males and two
female Fz individual of a 1st week control line mother,
the aberration frequency ranged between 4,0% and 12.0%.



Explanation of Photomicrographs

Photomicrograph of affected metaphases plates of F2
bone marrow cells of treated line F2 individuals,

PM 148, Plate showing several individual type aberration
as an acentric fragment.:, a translocation; a
constriction; isochromatid gap etc,

PM 149, A chromatid break: in the middle region of
a group I chromosome and an acentric fragment.

PM 180. A chromosome with two breaks in a chromatid,
a terminal assocation.

PM 151, A fragment and centromeric dissociation in
different groups of chromosomess.’ ..

M 152, Plate showing acentric fusion, a ring chromosome,
a fragment and one extra elen€nt.

™M 153, A centric fusion.






Explanation of Photomicrographs

Photomicrographs (PN) of affected metaphases of F2
bone marrow cells of Fz treated line individuals.

PM 154; A centric fusdion.

-

PM 155, A ring chromosome.

4

PM 156, A chromatid break in the distal region Group III

chromosome,
PM 157. Centromeric dissociation in group V chromosome,

PM 158, Sticky metaphase plate.

PM 159, Pulverization.
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Explanation of fiqures

Camera lucida drawing of a part of metaphase plates
showing different types of sberrations in F, treated

iine individuals.

Figs. 108, A chromatid break in the
group I chromosome.

Figs, 109~110. A chromatid break in
group I chromosome.

Figs, 111-112. A chromatid break in
group II chromosome,

Fig. 113. A chromatid break in the
group II chromosome.

Figs., 114-115., A chromatid break in
group III chromosome,

Fig., 116, A chromatid break in the
group III chromosome.

Figs. 117-118. A chromatid break in
IV chromosome,

middle region of a

the distal region of a

the middle region of a

distal region of a

the middle region of a

distal region of a

distal region of a group

Figs.119-120. End to end association between two chromosome.

Fig. 121. A ring chromosome and a fragment.

Figs, 122~124. A centric fusion between the chromosomes,

Fig, 125, A constriction.

Pig. 126, The centromeric dissociation of a group V chromosome.

Fig. 127, An aster metaphase.
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The average frequency in these 5 F2 individuals was 7.6%
(38 in 500 metaphases) (Table 36) which was not very
different from that of 1lst week F1 embryos of control line
(Table 20). Unfortunately no F, individual of 1st week
treated line was available., Therefore, the data could not
be compared, °

Two female and 2 male of F2 individuals of 2nd week
control line ylelded the bone marrow chromoscme aberration
frequency in different individuals ranging between 6,0% and
14,0%. In the conbined data of 4 individuals, the average
frequency was 9,5% (38 in 400 metaphasey Table 36), The
frequency appeared to be little higher than that of embryos
of 15 day gestation of 2nd week control line. Anyhow, in the
2nd week treated line 2 male and 2 female F2 adults ware
available, The chromosome aberration frequency in their bone
marrow cells ranged between 15,0% and 56.0% (Table 36). 1In
the combined data of 4 individuals, the averdge aberration
frequency was 37.51% (Table 37) which was much higher than
that of control (9.5%) and the net increase in the average
frequency of the 2nd week treated line Fz individuals was
28.0% (Table 37). Qualitatively the aberrations were in the
form of chromatid break, centric fusion, ring chromosome,
translocation or association, acentric fragment etec, (PM
148-157; Figs. 108«125) and gross type (PM 158, 159) some
of which had genetic significance.

Since no treated line F2 individuals of 3rd week
mating line was available, the control line data could not
be compared.

Three month old F2 individuals from both 4th week F1
control and treated line mating mothers .were available



Table 35

Frequency distribution of chromosome aberrations in liver of F2 embryos at 15 day gestation
of F1 mothers mated to control and treated line F1 male parents, 100 plates per ind, were assessed.

Fix, Ind. Sex Individual tygg aberrations Gross_type aberration Grand %
No; Break tvpe Phy. type Total Numes Others Total total
Chr. Frag. Trans./ Gaps & Cent. cha.
ASS0. cons. disso. ’ o
o
Control

wk 2 M . - - 1 3 4 1 - 1 5 5.00
3 M - - 2 1 3 6 2 1 3 ] 9,00
4 ¥ 1 - - - 1 2 3 2 5 7 7.00
5 P 2 - - - 4 é - 2 2 8 8.00
6 F - - - - 5 5 3 - 3 8 8.00
Total 6 3M+3F 3 - 2 23 16 28 9 7 16 39 6,50

Toowd 3

Not available
, *No treated line F, embryo was available from 1st, 2nd, 3rd and 4th
week F1 mating parents.

6cc



Table 35 (Contd.)

Fix, Ind. Sex Individual tvype aberrations Gross_type aberrations Grand %
No, Break type Phy, type = Total Num. Others Total total
Chr. Frage. Trans.7 Gaps & Cent. cha.
Asso. cons. disso.
2nd wk Controél
1 M - - - - - - - 4 4 4 4,00
2 M - - - 2 3 5 - 2 2 7 7.00
3 F - - - 2 5 7 - 1 1 8 8,00
4 F - - - - 7 7 - - - 7 7.00
S F 1 - - 1 4 6 1 - 1 7 7.00
Total 5 2M+3PF 1 - - 5 19 25 1 7 8 33 6.60
3pd Mother T
rd wk Control
2 M - 2 - 1 - 3 - 2 5 8 85,00
3 F - - - 1 3 4 - 2 2 6 6.,00
4 P - - - - - - 3 - 3 3 3.00
Total 5 2MA3F 3 2 - 2 10 17 3 9 15 32 6240

(41 X4



Table 35 (Contd.)

Fiw, Ind., Sex Individual type aberrations Cross_type aberrations Crand %
No. Break type Phy,type Total Num, Others Total total
Chr. Frag. Trans./ Gaps & Cent. cha.
ASS0 . Cons. disso.
3rd wk Mother II
Control
2 M - - - 2 3 5 1 2 3 8 8,00
3 M - = - - 2 2 - 4 4 6 6,00
4 P - - - - - - 2 5 7 7 7200
Total 4 3M+1F - - - 2 8 10 3 14 17 27 6.75
4th wk
Control
1 M i - - 2 3 6 - 1 1 7 7.00
4 M - - - - 5 5 - 2 2 7 7.00
5 F - 1 1 2 3 7 - 2 2 ] 9,00
6 F 2 - 1’ 1 - 4 - 3 3 7 8.00
7 P - - - 3 3 6 2 3 S 11 11,00
Total 7 4M+3F 3 1 2 8 17 31 2 16 18 49 7.00

TEe
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(Table 36). In the bone marrow of control line 3 male and 3
female F2 individuals, the frequency of aberrations in
different individuals ranged between 5.,0% and 13.0%, In the
combined data of 6 individuals the average aberration
frequency taking both individual and gross type together was
8.5% (51 out of 600 metaphases). On the other hand an
examination, the bone marrow cells of 2 male and 2 female

F2 individuals of 4th week treated line F1 mother, the
frequency of aberration ranged between 16,0% and 58,0%

(Table 36). Out of 400 metaphase in 4 individuals the

total number of aberration was 143 or 35,75% (Table 37) which
was much higher than that of control (8.50%). The net increase
was there in the 4th week treated line was 27.25% (Table 37).

General comments s

It has been mentioned before that the chromosome
aberration data in FZ generation could not adequately be
obtained for nonsmaility of pregnant females for which the
comparison made here would have some limitation. In the
treated line onlv the data of 2nd week and 4th week were
obtained which could be compared with that of the control
line. It revealed that the treated line had much higher
frequency of aberration than that of control, Therefore,
in the present study though the lethal testing in F2 was
possible, the chromosome aberration in bone marrow cells of
F2 adults of the treated line clearly indicated that the
mutagenic factor was transmitted to F2 from F1 generatione.



Table 36

Frequency distribution of chromosome aberration in bone marrow of 3 month old F2 individuals
from mating of F1 mother of control and treated line Fl males. 100 plates/ind. were assessed.

Fix. Ind. Sex Individual type aberrations Gross_type aberrations GCrand %
Ho. Breal}x type Phy, type Total Num, Others Total totsl
Chr. Frag, Trans7 Gaps & Cent. cha,
Ass0o. cons. Disso.
1st wk
Control
1 M - - - - 3 3 2 2 4 7 7.00
3 M 1 1 - 2 3 7 2 3 5 12 12.00
4 by - - - 2 3 5 - 3 3 8 8,00
5 F - - - - - - 2 2 4 4 4.00
Total 3Me2F 1 1 - 4 9 15 8 15 23 38 7.60
Treated

Not impregnated

1 X4



Table 36 (Contd.) =

Fix. Ind, Sex Individual type aberrations Gross_type aberrations Grand %
No. Break type Phys type Total !'Num. Others Total total
Chr. ®rag. Trans/ Gaps & Cent. cha.
. ASSO. Cons. Disso.
2nd wk Control
1 b - - - - 5 5 - 4 4 9 9,00
2 M - - - 3 S 8 2 4 6 14 14.00
3 P 1 - i 2 - 4 - 2 2 6 6.00
Total 2M3+2F i - 1 8 14 21 2 15 17 38 9.50
Treated
1 M 4 3 5 3 14 29 8 6 14 43 43,00
2 M 2 1 2 4 11 20 9 7 le 36 36,00
3 F 5 1 12 3 17 ' 38 11 7 18 56 56,00
4 P - - 3 3 3 14 b S 6 15 15.00
, Total 2M4+2F 11 5 22 13 45 96 29 25 54 150 37.51

14 X4



Table 36 (Contd.)

Fix, Ind. Sex Individual type aberrations Gross type aberrations Grand %
No. Break - Phy,type Tctal Num, Others Total total
’ Chr. Frage. Trans. Gaps & Cent, cha.
Asso. cons. disso.
4th wk Control
1 M - - - - 5 5 hand 3 3 8 8000
2 M - 2 - 2 6 190 - 3 3 13 13.00
3 M - - 1 3 4 - 3 3 7 7.00
4 P - - 1 5 6 - 4 4 10 10.00
6 F 1 - - 7 8 - - - 8 8.00
Total 3M+3F 1 2 - 4 26 33 - 18 is 51 8,590
Treated
1 M - - - - 7 7 5 4 .9 16 16,00
2 M 5 - ¥ 2 21 38 5 11 16 51 51.00
3 F 4 2 3 1 23 33 13 12 25 58 58.00
4 F - - - - 6 6 5 7 2 18 18.00
Total 2M+2F o 2 10 3 57 81 28 34 62 i43 35,70

1 %4



Table 37

Compiled data of chromosome aberration in bone marrow of 3 momth old F individual after birth from
mating of. Fl mothers from 1st week to 4th week.with control and the bacterium P aeruginosa treated

line F; males, Control data in brackets. .

Fix, .of No.of No,of" Individual tgge aberrations Gross txge aberration Grand total. % Net incr,
: mother emb- meta-Break type  Phy.type Total ' Nume. Others ~Total : 4 %
- - ryos pha-.Ch, Fr- Tra- Gaps & Cent. chan.
se ag. ns/ const. diss.
. Ass, _

Ist - - e - e - - : - - e .- . e o - -
wk 1) (6) (600} (1) (1) (=)  (4) (o} (as) €8 - 15} (23) (38) 46.33)
2nd 1 & 400 11 5 22 13 45 9% 20 25 54 .. 150 37450
vk 1) ¢s5) (s00) €1) (=) (1) 8y {14} 21) . ( 2) 15} (553 ( 38) ¢ 9.50) 28.00
4th 1 4 400 9 2 10 3 s7 81 .28 34 62 143 35.75
wk (1) (6) (600) €1) (2)( =) (4} (26) €33) (=)  (18) (18) ('51) (8.50) 27+23
Total 2 8 800 20 7 32 16 ' 102 177 57 50 116 203 36.62

A | L o 4 _ , , . - 29.22°

3> (a7 (1700) (3) (3)C 1)  €13) (49) (79) Q10 {a8) ( 58) (127) ( 7.40)

')

134
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C. Meiotic chromosome aberration in 3 month old F2 males

Since two F2 adult males could only be obtained from
2nd week and 4th week treated line from mating of F1
parents, the present study suffered some limitation as
compared to that of F; adult males (Table 22). Further
in the present study relatively less number of cells in
different stages of melosis was available for the study of
chromosome aberration as compared to the corresponding
control males,

The preparations of the melotic chromosomes of testis
of 3 month old F2 3 males each of 2nd and 4th week control
line and 2 Pz males each of the 2nd and 4th week treated
line were made according to the method described earlier.

Further as followed before while assessing chromosome
gberrations in 100 metaphase I plates per individual of
control and treated line males, all the spermatogonial
metaphase, diakinesis and metaphase II were also assessed,

Spermatogonial metaphase 3

Normal spermatogonial metaphase complement was
relatively ware because in most cases the chromosomes had
some physiological effect like despiralization, stickiness
etc. In spite of such general effects on chromosomes, some
individual and gross type aberrations could be scored in the
form of chromatid breaks, acentric fragment, centric fusion
etc., as individual types and stickiness, numerical change.
pulverization etc. as gross type (PM 161.164s Figs. 128-133).



E +1 of otomicro S

Photomicrographs of affected spermatogonial metaphases
in F2 treated line male mice.

PM 160, Plate with aneuploid number containing.
PM 161, Plate sticky effect with some fragments breaks etec,.

PM 162, Plate despiralization effect with some acentric
fragment, break etc,

PM 163, Pulverization effect,






¥ig,
Fig,
Fig.
é199
Fig.
Fig.

Explanation of fiqures

Camera lucida drawing of a part of spermatogonial
metaphase in F2 generation showing different

types of aberrations.

128, A chromatid break;

129, A chromatid break.

130. A fragment of unknown origin.

131. Centric fusion between two chromosomes,
132, Centric fusion between two chromosomes,

133. A constriction.


file:///mknown
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The total frequencies of spermatogonial metaphase
chromosome aberrations in 2 F2 males of 2nd week treated
line were 29,72% and 60,0% (Table 38). In the combined
data of two individuals out of 82 plates there were 4
chromatid breaks, 1 fragment, 1 translocation or association
and 3 gaps and constriction making a total of 9 or 10,9%
individual type aberration while the frequency of gross type
was 29 or 35.3%. The average frequency was 46.34% (Table
39), It was noted that in one out of two testes of one
male, there was no individual type aberration. On the
other hand in the 2nd week control line 3 F2 males, the
aberration fregquency ranged between 9,33% and 13.58% (Table
38). In a total of 271 plates there were 4 chromatid breaks
and 4 gaps or constriction making a total of 8 or 3,37%
individual type while the number of gross types was 24
or 10,12%., The average frequency was 11.8% which was much
lower than that of treated line (46,.34%). The net increase
was 34.54% (Table 39).

In the 4th week treated line the spermatogonial
metaphase chromosome aberration frequencies in two males
were 54.54% and 62.85%(Table 38). The frequency of individual
type aberration was very low in comparison to that of gross
type. In the combined data out of 90 spermatogonial metaphases
there were only 4 or 4.4% individual type and 48 or 53,5% gross
type aberrations making a total of 57.77% taking both types
together (Tables 38-39). On the other hand in the 3 males
of the control line, the spermatogonial metaphase aberration
frequency ranged between 10.52% and 20,0% (Table 38). In a
total of 247 spermatogonial metaphases of 3 individuals,
there were only 5 or 2.2% individual type and 31 or 12.5%
gross type aberrations. The combined frequency was 14.57%
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taking both individual and gross types together which was
much lower than that of treated line (57.77%). Thus the
net increase was about 43.20 in the treated line (Table 39).

The data of 2nd week and 4th week were combined
(Table 39) to have the largef sample. It showed that out of
the total 172 spermatogonial metaphases there were only 13 or
7.55% individual type and 77 or 44,.76% gross type aberrations.
The average frequency was 52,32% (Table 39), On the other
hand in the control line out of 518 spermatogonial metaphases,
there were 14 or 2.50% individual type and 55 or 10.6% gross
type making a total of 68 or 13.12%. In the combined data of
both types, the net increase of the aberration frequency in
the spermatogonial metaphase of the treated line was 39.20%
which was significantly high.

Comments s

The analysis of aberration data in the spermatogonial
metaphase of control and treated line showed significant
increase in both type of aberrations in the treated line over
control, This would definitely indicate that the mutagenic
effect was continued in F2 generation in spite of the fact
that . there was considerable reproductive failure in the treated
line., Thus the aberraticn data which could be studied.
only in two weeks supported the view that the mutagenic
factor induced by the treatment of log culture of P,
aeruginosa to male grand parent was transmitted to F2
generation which yielded higher frequency of chromosoms
aberrations.
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If the present data of spermatogonial metaphase
chromosome aberration were compared with that of F1
generation (Table 23) it would be found that the frequencies
between treated and control lines were 50,87% against 9,39%
in the 2nd week, 52.2% against 8.08% in 4th week and 51.53%
against 8,23 in the average respectively. While in F2
generation they were 46,34% against 11,80% in 2nd week;
57.27% against 14.,57% in 4th week and in the average of
two weeks 52,32% against 13,12% (Table 39), Therefore, the
data of chromosome aberration in spermatogenial metaphase
in ¥, and F, generation did not vary appreciably. This could
be explained if it was assumed that the higher frequency of
aberration in F1 and F2 generation was due to the transmission
of the mutagenic factor induced by the treatment of P.
aeruginosa culture to male parents,

Diakinesis

The study of chromosome aberrations in the diakinesis
nuclei of the same treated and control line males showed both
individual and gross type aberrations though the number of
individual type aberrations appeared relatively more. The
individual type aberration consisted of chromatid breaks,
fragment of unknown origin, bivalent association or
_ translocation etc. (PM 164-1667 Figs, 134-139),

In the two male individuals of 2nd week treated line
the frequencies of total aberration were 14,92% and 48,0%
(Table 40), If the data were combined, out of 92 diakinesis
nuclei there were 14 or 15.21% individual type and 8 or 8.66%
gross type making a total of 22 or 23.87%. On the other hand



Explanation of Photomicrographs

Photomicrographs of affected diakinesis in F2
treated line male mice,

™ 164, Translocation or terminal association between
two bivalents and a fragment.

PM 165, A chromosome break and a interbivalent
connection.,

PM 166, Precocious separation of an autosomal bivalent.






Explanation of fi Qg

Camera lucida drawing of a part of diakinesis
plate showing different types of aberrations.

Fig, 134, A chromatid break.
Fig, 135, A chromosome break.
Fig., 136, A chromatid break.

Fige 137. A fragment of unknown origin.
Fig, 138. A fragment of unknown origin.

Fig, 139, A precocious separation of autosomes and

sex chromosomes,



137

Nk

136

8
2%




Table 38

Frequency distribution’ of chromosome aberration in spermatogonial metaphase cells of F2 male of
contrcl and the bacterium P, aeruginosa treated line mice of 2nd and 4th week

Fix. Ind., No.of Individual type sberrations Gross_typ€ aberrations Grand %
No. cells Break type Phy,type Total Num. Others Total total
Chr, Frag. Trans/ Gaps & cha.

Asso. cons.

2nd Control
wk

2 115 2 - - 3 5 5 4 4] 14 12,17

3 81 - - - 1 1 5. 5 10 11 13.58

Total 3 271 4 - - 4 8 13 11 24 32 11.80
Treated

1 37 - - - - - 4 7 11 11 29,72

2 45 4 1 1 3 9 21 7 18 27 68.00

Total 2 82 4 1 1 3 9 15 14 29 38 46 .34

Sit) 44



Table 38 (Contd.)

Fix, Ind. Nosof _ Individual type aberrations Cross type aberrations Grand %

No, cells Break e Phy.type Total Num. Others Total total
Chr. Frag. Trans Gaps & cha.
ASSO. conse.

4th Vontrol
wk

1 95 - - - 3 3 7 - 7 10 10,52

3 87 - 2 - - 2 4 7 11 13 14,94

Total 3 247 - 2 - 3 5 11 20 3 36 14,57
Treated

1 55 . - - - . - 13 17 30 30 54.83

2 35 1 1 - 2 4 10 8 i8 22 62,85

Total 2 90 i 1 - 2 4 23 25 48 52 57.77

aove



Table 39

Compiled data of chromosome aberration in spermatogonial metaphase cells of F2 male of

" control and bacterium, P. aeruginosa treated line mice of 2nd and 4th week (Control data
in brackets)

Fix, Ind. Cells Individual type sberrations Gross ¢t aberrations Grand % Negt
No. count. Break type Phy,.type Total Num. Others Total total incr.
Chr, Frag. Trans./ Gaps.& cha. %

AsSso. conse.

2nd 2 82 4 1 1 3 9 15 14 29 38 46.34 4, oy

VK (3) (271)  (4) (=) (=) (4) ( 9) (18) (11)  (24) t32) (11.80)

4th 2 90 1 1 - 2 4 23 25 48 52 57,77 45.a0

wk - *
(3) (247) (&) (2) (=) {3) ( 5) (11) (20) (a1) (36) (14.57)

Total 4 172 5 2 1 5 13 38 138 77 90 52,32 44 59
(6) (s518) (4) (2) (=) (7) (14) (24) (31) (55) (68) (13.12)

20%¢
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in control line the frequency of gberration in diakinesis
nuclei of 3 F, males ranged between 6.5% and 15.55%. In a
total of 197 diakinesis nuclei there were 5 or 2,53%
individual type and 9 or 4.56% gross type aberrations
(Table 40) making a total of 14 or 7.10% in the average

of two types taken together (Table 41)., Thus the frequency
of abérration in treated line had a net increase of 16,8%
over the control (Table 41).

In two F2 males of 4th week treated line the total
aberration frequency at diakinesis stage was 19.67% and
29,72%, When the data of the 2 individuals were combined,
out of 98 diakinesis nuclel there were 12 or 12.24% individual
type and 11 or 11.22% gross type making a total of 23 or 23.46%
aberrations (Table 40). On the otherhand in 3 F, males of
the control line, the aberration freguency in the diakinesis
nucleil ranged between 7.89% and 14,28%. In the combined data
out of 164 diakinesis nuclei, there were 6 or 3.65% individual
type and 11 or 6,70% gross type (Table 40) making a total
of 17 or 10,36% aberrations. Therefore, the net increase
in the aberration frequency in the treated line over control
was 13.10% (Table 41), If the aberration data in two weeks
were combined to have a larger sample, the average frequqncy
would be 23.68% in the treated line against 8.,35% in the
control line indicating the net increase of 15,33% (Table 41).
If the aberration frequency in diakinesis nuclei of F1
individuals were considered, it was 44,28% in the treated line
against 9.05% in the control line in the 2nd week and 32.43%
against 8.62% in the 4th week control line (Table 26). In the
combined data of 2nd and 4th weck it was 38.35% in the treated
line against 8,87% in the control line indicating the net
increase of 29.48% while in Fz generation it was 25,33%.
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Therefore, the study of the aberration frequency in
diakinesis nuclei showed also higher effect in the treated
line than that of control when the data were compared.

This was expected since the spermatogonial metaphase plates
the frequency of aberration was higher in the treated line,
The frequency of aberration in diakinesis nuclei in F2
generation was little lower than that of F1 generation which
could be due to the non-random distribution of the mutagenic
factor carried ¢én chromosomes in successive generation,

Metaphase I

The chromosome aberration study at metaphase I in
the same 2 males each of 2nd and 4th week Fz treated line
and 3 each of 2nd 4th week control 1line F, males was carried
out from the same prepared slides.

The metaphase I plates also contained both individual
and gross type chromosome aberrations (PM 167-169; Figs, 140=-
145), The individual types were in the form of chromatid breax,
acentric fragmenﬁiz::i:) translocation, precocious separation
of autosomal bivalent or sex chromosome etc. while the gross
type included stickiness and aneuploidy ete. The frequency
of chromosome aberrations in 100 metaphase I per individual
revealed in 2 F2 males of 2nd week treated line 9,0% and 27,.0%
and in the combined data of 2 males, out of 200 metaphases,
there were 26 individual type and 10 gross type making a total
of 36 or 18.0% aberrations, Correspondingly in 2nd week
control line 3 F2 males, the frequency of aberration ranged
between 5.0% and 11,0% (Table 42). In a total eof 300
metaphase I of 3 males, the individual type aberrations were



Explanation of Photomicrographs

Photomicrographs of affected metaphase I of F2
male mice, Mus musculus of the culture of bacterium
Pgecudomonas treated line.

'PM 167. Some chromatid breaks and fragments of unknwon
origin and some bivalents stretched out.

Prl 168, Some chromosome break and gape

PM 169. Precocious separation of an bivalent.

-
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! lanation of £i es

Camera lucida drawing of a part in metaphase I

plate of F2 males showing different types of

\

aberrations.

Fig. 140.‘A chromosome break.,

Fig. 141, A chromatid break and a bivalent association.
Fig. 142, A fragment of unknown origin. .
Fig. 143. A bivalent with the borken chiamsa.

Figs, 144-145, Precocious separation of autosomal
hivalent and sex chromosomes.
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Table 40

Frequency distribution of chromosome aberration in diakinesis cells of 3 month old Fz
male of control and the bacterium P. aeruginosa treated line mice of 2nd and 4th week

Fix. Ind, Cells Individual type aberrations Gross type aberrations Grand %

No. count. Break type Pre-seps Total Num. Others Total total
Chr, Frag. Mut./ Aut. Sex cha.
Asso.
2nd wk Control
1 65 1 - - - - 1 1 1 2 3 4,61
2 87 2 - - - - 2 - 2 2 4 4,59
3 45 - - 1 1 - 2 2 3 5 7 15,55
Total 197 3 - 1 1 - 5 3 6 9 14 7.10
- Treated
1 67 - - = 3 2 1 7 - 3 3 10 14.92
2 25 2 - 2 2 1 7 - 5 5 12 48.00
Total 92 L2, - 5 s 2 14 i 8 8 22 23,91

eve



Table 40 (Contd.)

Fix., 1Ind. Cells~ Individual type aberrations CGross type aberrations Grand %
No. count. Break type Pre-sep. Total Num. Others Total total
Chr. Frag, Mut./ Aut,. Sex cha.
AsSSo.
4th wk Control
1 39 - - - i - 1 3 - 3 4 10.25
2 76 - - - 2 - 2 - 4 4 6 7.89
3 49 - 1 - 1 1 3 2 2 4 7 14,28
Total 164 | - 1 - 4 1 6 5 6 11 17 10.36
Treated
1 37 2 1 2 2 - 7 - 4 4 11 29,72
. 2 61 - - 5 - - 5 - 7 7 12 19.67
Total 98 2 1 7 2 - 12 - 11 11 23 23.46

¥ve



1 Table 41

Compiled data of §i:hromcsome aberration in diakinesis cells of 3 month old F2 male of control

and bacterium P, aeruginosa treated line mice of 2nd and 4th week (Control data are in
brackets)

Fix, Ind, Cells Individual type aberrations Bross_type aberrations Grand % Net

No. count. _ _Break type Phy.type Total Num. Others Total total incr
Chr, Frag, Hut/ Aut, Sex chae. %
’ ASSO.

8nd 2" o2 2 - 5 4 2 14 - 8 8 22 23,91 16.81
wk . .

(3) (197) (3) (=) (1) (1) (=) ( 5) (3) (6) ( 9) (14) ( 7.1)
4th 2 o8 3 - 7 2 - 12 - 11 11 23 23446 13.10
Wk (3) (164) (=) (1) () (@) @) (e (3 (e (11) (17) (10.36)
Total 4 190 5 - 12 6 2 26 - 19 19 45 23,68

13.33
(6) (371) (3) (1) ( %) (5) (1) (1) (8 (12) (20) (31) ( 8.33)

1144
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14 or 4,6% and that of gross types 9 or 3.0%. The firequncy in
the both types of aberration taken together was 7,.66%.
Therefore, the frequency was much lower than that of treated
line and the net increase in the treated line was 9,20%

(Table 43),

In the 4th week mating line, 2 F2 males of treated
serfges had aberration frequency of 8.0% and 26.0%. In the
combined data of 2 individuals out of 200 metaphase I, there
were 11 or 5.5% individual type and 23 or 11,5% gross type and
the two types taken together the frequency was 34 or 17,0%.
Correspondingly the aberration frequency in 3 F, control line
males ranged between 4.0% and 12,0% (Table 42). In a total
of 300 metaphase I, therelwere 16 or 5.,3% individual types and
11 or 3.5% gross types and the two types taken together were
27 or 9.,0% aberrations., Therefore, the frequency was much
lower in the control line and the net increase in the treated
line was 8,0% (Table 43). If the data (Table 42) of 2nd week
and 4th week treated and control line were combined separately
to have larger sample (Table 43), it would be found that in
treated line out of 400 metaphase I of 4 individuals, there
were 37 or 9.25% individual type and 33 or 8.25% gross types
and the two types taken together were 70 or 17.5% aberrations.
In the combined data of 6 individuals of control line F, males
out of 600 plates there were 30 or 5.0% individual types and
20 or 3.33% gross types and the two types taking together
were 50 or 8.30%. Therefore, the net increase of the aberration
frequency in the treated line was 9.2% (Table 43).

The analysis of the chromosome aberration data of
metaphase I of 4 treated line males showed much higher
frequency than that of control line indicating that the
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mutagenic factor also present in Fz generation, If the
aberration data of diakinesis and metaphase I stages were
compared it would be found that the frequency was little
higher in diakinesis than that of metaphase I, This was
perhaps due to sampling error. Leaving aside the quantitative
difference in strict sense, on the whole it could be concluded
that both in diakinesis and at metaphase I of the treated

line the frequency of aberration was significantly higher than
that of control 1line,

Metaphase II

A number of second division metaphase plates encountered
while assaying chromosome aberrations in 100 metaphase I.
plates per individual in 2 F2 males each in 2nd and 4th week
treated line and 3 each of 2nd and 4th week control 1line,
The chromosomes of metaphase II in general appeared little
despiralized with uneven surface and variable degree of
stickiness., This.factor sometime stood in the way of
acurate determination of the aberration frequency.

The aberrations in chromosome of second division
metaphase plates of control and treated line F2 males could
also be put under two main categories as individual and gross
types (PM 1701753 Figs. 146«155), The individual type
aberrations ¢onsisted of chromatid break, fragment of
unknown origin, centric fusion, terminal association or
translocation, gaps, constriction etc. while the gross
types were in the form of stickiness, polyploidy etc.



Explanation of Photomicrographs

Photomicrographs of some mepresentative chromosome
aberrations in metaphase II of F2 male individuals from
upting of treated line F& male and females.

PM 170,

PM 171,

PM 172,

PM 173

PM 174.

PM 175,

Chromatid break and centric fusion.

Some chromatid break acentric fmegment, constrictions
and terminal fusion.

Subwchromatid break and terminal association
with uneven outlines of chromosomes.

Chromatid break with the displaced fragments
and constriction.

An ellastic constriction.

Partigl stickiness,






Explanation of fiqures

Camera lucida drawing of a part of metaphase IIX
plate showing different types of aberrations in

treated line F2 male individuals

Fig. 146, A chromatid break and a centric fusion.
Figs.147«149, Each with a chromatid break,

Figs. 150-152,Each with the fragment of unknown origin.

Fig, 153, Beaded appearance in chromosome.
Fig. 154, A chromatid constriction.

Fig; 155, The centromeric dissociation in a chromosome.
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Table 42

Frequency distribution of chromosome aberration in metaphase I cells of 3 month old F,
male of control and bacterium, P. seruginosa treated line mice of 2nd and 4th week.

Fix, Ind, Cells Individual type aberrations Gross_type sberrations Grand %
No, count. _Bresk Phe-sep, Total Num. Others Total total
Chr. Frag. Mut ./ Aut. Sex \
AssSo.
2nd wk Control
1 100 - - i 2 2 5 - - 5 5.00
2 100 - - - 2 1 3 1 4 7 7.00
3 100 - - 2 2 2 6 5 5 11 11,00
Total 300 - - 3 6 5 14 6 9 23 7.66
Treated
1 %00 1 - - 2 5 2 2 2 9 19.00
2 100 5 1 3 7 3 19 8 8 27 27.00
Total 200 6 ) 1 3 )] 8 2¢ 10 10 3& 18,66

8y¢



Table 42 (Contd.)

Fisx, Ind, Cells Individual type aberfétions Gross type aberrations Grand %
No. count. Break type Pre-sep. Total Num. Others Total total
Chr. Frag. Mut,/ Aut. Sex cha., !
Asso.
4th wk : Control
1 100 - - 2 1 - 3 1 - 1 4 4.00
2 100 - - 4 - 3 7 2 3 5 12 12,00
3 100 - - - 2 4 6 3 2 5 11 11.00
Total 300 - - 6 3 7 16 6 5 11 27 9.00
Treated
1 100 1 - - 1 1 3 3 2 5 8 8,00
2 100 2 - 4 - 2 8 7 11 i8 26 26,00
Total 200 3 - 4 1 3 11 10 13 23 34 17,00

6%



Table 43

Compiled data of chromosome aberration in metaphase I cells of 3 month old F, mile of

control and bacterium P. acruginosa treated line mice of 2nd and 4th week (Control data
.are in bracket)

Fix, Ind. Cells _ Individual tvpe aberrations __ GroSs tvpe sberrations Grand % yroy

No, count. __Break type Pre-sep., Total Num. Others Total total %

. Chr. Frag, Mut/ Aut. Sex. - cha. 0
ASsO, .

2na 2 200 6 1 3 ) 8 26 - 10 10 36 18,00 .
wk (3) ( 300) () (=) (3) (&) € 5) (13) (3) ( 6) { 9) (23) ( 7.66) 10.3
4th 2 200 3 - 4 1 3 11 10 13 23 34 17.00
VK (3) (300) (=) (=) (&) (3T (16) (&) (8 (11) (27) ( o.00) 8-00
Total 4 400 9 1 7 10 11 37 10 23 33 70 17.50 9.20

(6) (600) (=) (=) (@) (9) (12) (30) ( 9) (11) (20) (50) ( 8.30)

062
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In the 2nd week treated line out of 88 plates in
one male and 50 plates in another male, the total frequéncy
of aberration was 30,68% and 46.0% (Table 44) respectively.
In a total of 138 metaphase II plates of two individuals
there were 21 or 15.21% individual type, 29 or 20,86%
gross type aberrations and the two types taken together,
it was 50 or 36,23%. Correspondingly in 3 F2 in 2nd week
control line males, the chromosome aberration frequency in
the seecond division metaphase plates ranged between 12,65%
and 20,93% {(Table 44), Out of the total 227 metaphase II
plates in 3 males, there were 16 or 7.04% individual type
and 22 or 9,6% gross type and the two types combined it
was 38 or 16.70%, Therefore, the frequency of aberration
in the treated line was higher than that of control and
the net increase was 19.53% (Table 45).

In 2 Fz males of 4th week treated line, the
frequency of chromosome aberration in metaphase II was out
of 37 plates, 24.32% in one individual and out of 32 plates
59,37% in another individual. In the combined data of 2
males out of the total 69 plates there were 5 or 7.24%
individual type; 23 or 33.33% gross type and the two
types taken together it was 28 or 40,57% (Table 44).
Correspondingly in 3 males of 4th week F, control line the
aberration frequency determined from 59, 57 and 49
metaphase II plates were 18.64%, 17.54% and 24.48%
respectively (Table 44). In the combined data out of the
total 165 plates of metaphase II there were only 7 or 4.3%
individual type, 26 or 15,75% gross type and the two
types together, it was 33 or 20.0%. Therefore,vthe frequency
of aberration in the control series was much lower and the
net increase in the treated line over control was 20,57%
(Table 45)..
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If the aberration data of the 2nd and 4th week were
combined to have larger sample, in 207 metaphase Il of 4
‘treated line males there were 26 or 12.56% individual
§§pe, 52 or 25.12% gross type and both types taken '
togher it was 78 or 37.86% aberrations (Table 45). -
Corresponding in a total of 392 metaphase II of 6 control
lin2 males, there were 23 or 5.,86% individual types, 53
or 13,52% gross type and 76 or 19,38% taking both types
together, The net increase in the aberration frequency

was 18.48% (Table 45) which was significantly high.

Comments $

The chromosome aberration data in spermatogonial
metaphase, diakinesis, metaphase 1 and metaphase II of the
control and treated line Fz males revealed in all cases that
the frequency was much higher than that of control, It was
true that there were some observational limitation as well
as the data were limited from which the frequency was
determined. The inclusion of some aberration like
centromeric dissociation, precocious separation of bivalents;
gaps and constriction under individual types or stickiness
under gross types having not much genetic significance had
no doubt inflated the freguency but they were considered
both in control and treated lines; Even if these types were
eleminated, the total fregquency would be reduced but the
frequency of other types would be found higher in the
treated lines than that of controls. Thus disregarding
the exacy frequeﬁcy; it could reasonably be concluded that
the frequency of aberration was higher in treated line
than that ofc control lines assessed at different stages
of meiosis., If this very point was to be explained we

1
3



Table 44

Frequency distribution of chromosome aberration in metaphase II cells of F2 male of control
and bacterium P. aeruginosa treated line mice of 2nd and 4th week.

No.of Grand
Fix, Ind, Cells Individual type aberrations Gross type aberrations Total %
No, count. Break tvpe Phy.type Total Num, Others Total
Chr. Frago TranS/ Gaps & cha.

Asso. cons.

2nd Control
wk )

1 43 2 2 - 2 6 1 2 3 9 20.93

2 79 - - - - - - 10 10 10 12.65

3~ 105 N - 2 10 2 7 o 19 18.09

Total 3 227 5 7 - 4 16 3 19 22 T 38 16.70
Treated

1 88 3 2 3 5 13 7 3 14 27 30.68

2 50 5 2 - 1 8 2 13 15 23 46.00

Total 2 138 8 4 3 6 21 9 20 29 50 36.23

£5¢



Table 44 (Contd.)

Pix, Ind. No.of

Individual type aberrations

Gross_type aberrations Grand

%

No. cells ___ Break type Phy.type Total Num, Others Total total
count. Chr. Frag. Trans/ Gaps & cha.
Asso. cons.
4th Control
wk \

1 59 1 1 - 3 5 - 6 6 11 18.64
2 57 - - - - - - 10 10 10 17.54
3 49 - - - 2 2 i 3 10 12 24.48
Total 3 165 1 1 - 5 7 7 19 26 33 20,00

Treated
1 37 o - - 1 p 3 5 8 9 24,32
2 32 3 - - 1 4 3 12 15 19 59,37
Total 2 69 3 - - 2 5 6 17 23 28 40,57

hge



Table 45

Compiled data of chromosome aberration in metaphase II cells of F2 male of control and the
bacterium P. aeruginosa treated line mice of 2nd and 4th week (Control data are in brackets)

Pix. Indi. Cells Individual type aberrations Grgss type aberrations Grand % Net
No. count Break tvpe Ph.type Total Nume - others Total +total incr
Chr. Frag. Trans{ Gaps & ha. %
Asso. Cons.
2nd 2 138 8 4 3 6 21 9 20 29 50 36623
Yk (3) (221 (8) (M (=) (8) (16) (5 (22)  (27)  (43) (16.70) 19-53
4th 2 69 3‘ - ks 2 5 6 17 23 28 40,57 20.57
wk (2) (165) (1) (1) (=) {5) (7) (7 (19) (26) (33) (20.,00)
{
Total 4 207 11 4 3 8 26 15 37 52 78 37.86
. 18.48
(6) (392) (6) (8) (=) {9) (23) (12) (41) (53) (76) (19.38)

gse
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would have no other alternative but to think of some
mutagenic factor induced by the treatment of log culture
of P, aeruginosa in males of parental generation was
handed over tq'the F2 generation through F1 generation,

In other word the mutagenic factor present in Fl
generation was transmitted in the F2 generation possibly
through chromosomes, The frequency was variable as it was
expected for random segregation,

An extensive data could not be scored in F, generation
because of the higher incidence of reproductive failure
occurred in F1 generation. Anyvhow, in spite of various
limitation the present study showed more or less a clear
indication of the mutagenic potentiality of the log
culture of P, aeruginosa treated mice and the inheritance
of the factor in Fl and F2 generations.

D, -Sperm count in 3 month old F2 males 3

Trie epididymes of 2 each of the 2nd and 4th weeks
treated line males and 3 each of 2nd and 4th week control
line F, males kept separately in 1% sodium citrate solution,
while removing the testes of the specimens, were processed
for preparing sperm suspension sample following the method
described earlier, The mean number of sperm was determined
from 25 counts made in the Neubauer haemocytometer chamber.

Observation

In the 2nd week control line (Table 46) there was
not much difference in the mean value between the right
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and left epididymes of each individual. In the combined
data of the left and right epididymes, the mean values

were 20,62 + 0.34 in 1ist individual, 23.08 % 0,33 in

2nd individual, 21.04 + 0.46 in the 3rd individual showing
not very much difference among different individuals. The
average of all was 21.58. In 2 males of the 2nd week treated
line the mean value of sperm count in the right and left
epididymes also did not differ appreciably in each
individual., The mean value of the combined data of

sperm count of two sides was 19.72 + 0.42 in one individual
and 21.06 + 0,37 in the 2nd individual showing no appreciable
difference, The average of the two was 20.39 (Table 46).

A comparison of the sperm count data of the control versus
treated line of the 2nd week did not differ appreciably
(21,58 against 20,39) indicating thereby that there was
practically no difference between control and treated

lines. On the other hand simllar study in F1 generation
showed considerable difference @wa the mean value was 21,17

in the control line against 10,29 in the treated line

(Table 31).

The sperm count carried out in epididymal samples of
3 males of 4th week Fz control line revealed also not much
difference betwéen the right and left epididymes in each
of the 3 individuals except the individual No. 2 (Table 46).
Anyhow the average sperm count in 3 individuals was 24.10 +
0.36, 22,62 + 0,56, 22.48 + 0,39 respectively. In the
combined data the average of the three was 23.06. On the
other hand in the F, treated line the sperm count between
the right and left epididymis varied widely. In one, of
4th week treated line male it was 6.52 * 0,37 and 20,04 +
0.52 respectively (Table 46). The average of two sides
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Table 46

Mean average sperm count in the epididymes of F, male of
control and bacterium P, aeruginoss treated line mice of 2nd
and 4th week

Fix, No,of Richt epidi. Left epidi. Right & left comb.
indiv. (Mean value 1S5.E) (Mean value % S.B(Mean value + S.E.)
Control
2nd 1 20,20 + 0.36 21.0 + 0.56 20,62 + 0,34
vk 2 22,52 + 0,41 23,65 + 0.48 23,08 + 0.33
3 19.40 + 0.48 22,68 * 0.64 21,04 + 0.46
Average 20.30 22,42 21,58
Treated
1 19.48 + 0.64 19.96 + 0,75 19,72 I 0.42
2 21,48 X 0.60 20,32 + 0.51 21,06 + 0.37
Average 20,48 20,14 20,39
Control
4th 1 24,52 + 0,46 23.68 + 0.60 24.10 % 0.38
wk 2 24.88 + 0,39 20.28 + 0,82 22.62 + 0,56
3 23,44 £+ 0.45 21,52 £ 0,60 22,48 + 0.39
Average 24.28 21,82 23.06
Treated
1 6.52 + 0.37 20.04 + 0.52 13,38 + 1,03
2 22,282+ 0,37 20,12 + 0,62 21.18 + 0.39

AVRrAQe

14.78

20,08

17.28
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taken together was 13.38 # 1.03. On the other hand the
sperm count in the right and left epididymes of 2nd
individual did not vary appreciably, It was 22.24 & 0.37
in the right, 20,12 % 0,62 in the left and 21.18 * 0.39

in the average of two slides combined. If the difference
in the mean value in two sides of the epididymis of 1st
individual was ignored and the data of two individuals

were combined, the average would be 17.28 against 23.08 of
the control line, In other words the average sperm count
in the 4th week treated line was somewhat lower than that
of control indicating perhaps some effect was present in
the treated line which caused the higher frequency of

sperm depletion, Anyhow, the difference was not so glaring
as found in F, generation (Table 31), In F, the average sperm
count was 22,78 in the control line against 14.85 in the
treated line indicating a difference of 7.93 while it was
5.78 in F2 generation.

General comments

The sperm count data analysed above showed that
there was not much difference in the average of 2nd week
control and treated line males while the difference was
significant in 4th week having higher average in the control
line then that of treated line. A similar study carried
out in F1 male individuals from 13t week to 4th week showed
that the control line males had always much higher sperm
count than that of treated 1line and the difference was
much more glaring in 1st week, 2nd week and 3rd week data
than that of 4th week (Table 31), It was generalized before
that the sperm depletion effect was -being continued in F1
generation while in F2 generation it was not so obvious.
This would possibly indicate that the effect was reduced in
successive generation possibly due to random segregation of
the mutagenic factor. ’
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2

E, Sperm head morphology in 3 month old F, males 3

s

Some part of the sperm suspension sample of the
epididymes of both 2nd and 4th week control and treated
line F2 individuals was used for the study of the sperm head
morphology, The giemsa stained preparation of the sperm
smear was made following the procedure described before.

Observation ¢

The study of the sperm head morphology of both control
and treated line specimens showed sperms with both normal
and abnormal head morphology (FPM 176a~b). The types of
sperm with abnormal head morphology were more or less the
same as found in F1 generation with regard to size, garniture,
shape etc, Though there was not much difference in the
morphology of sperms between control and treated lines, but
the frequency differed.

In the 2nd week control line sperm smear of 3 males
showed the frequencies of 0,83%, 1.33% and 1,16% (Table 47)
indicating not much difference from individual to individual.
Out of 1800 sperms, the total number of sperms with abnormal
head morphology was 20 or 1,11%. On the other hand, in 2
males of the 2nd week treated line , the frequency of
sperms with abnormal head morphology was 5,83% and 13.83%
indicating 8,1% difference between the two. In a total of
1200 sperms, the number sperms with abnormal head morphology
was 118 and the average frequency was 9.83%. Unlike the
result of the sperm count there was significant difference



Explanation of Photomicrographs

Photomicrograph of sperm with abnormal head morphology
in F, male offppring in the treated line.

PM 176a. Normal sperm head.

PM 176 fei. Different types of sperms with abnormal
morphologys
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in the frequency of sperm with abnormal head morphology
between 2nd week control and treated line males and the

net increase in the treated line over control was 8.72%.
Further the frequency did not differ much between individual
to individual in the control line while it was very glaring
between individual to individual of 2nd week treated line
{Table 387),

In the 4th week control line 3 F2 males the frequency
of sperms with abnormal head morphology also did not vary
appreciably from individual to individual and the frequencies
were 1,83%; 1,50% and 1,16% (Table 47). Out of 1800 sperms,
27 were with abnormal head morphology and the average
frequency was 1.50% which was also not se striking different
from 2nd week data (1.11%)., However, in 2 males of the 4th
week F2 treated line, the frequency of sperms with abnormal
head morphology differed to some extent as it was 7,.5%
in 1 individual and 3,5% in another individual. Out of 1200
sperms of two individuals, 66 were with abnormal head
morphology and the average frequency was 5,50% which was
higher by 4.0% than that of control (Table 47).

‘

Comment 3

If the sperm head abnormality data of the corresponding
week in Fl generation were compared with the present data,
it would be found that in Fl generation the average frequency
in the 5 males of two mothers was 1.80% (Table 31) with not
much variation among diffexent individuals and in the Fz
generation it was 1.11% (Table 47). Therefore, there was not
much difference in frequency of the control line of F1
generation. On the other hand the average frequency of

and F2
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sperms with abnormal head morphology in 2 males of 2nd
week treated line was 13,58% in F, (Table 32) while it was
9,83% (Table 47) in the present study of F, generation.

The average frequency of sperm with abnormal Read
morphology differed by about 4.0% between F1 and F,
generation of treated line., However, in comparison to the
respective control, the frequency was significantly high
indicating that the matagenlc factor for the treatment of
male parent was continued in Fl and F2 generation in variable
frequency. In other words the mutagenic factor was present
in both the generations. A similar comparison of the 4th
week data would also reveal that the average frequency of
sperms with abnormal head morphology of 6 males was 1.,08%
between 6 individuals in Fy and in F, generation. The
control data of sperm head abnormalities in both F1 and F2
generations of 2nd and 4th week F2 line showed more or less
the same trend having in common low frequency and not much
difference between individual to individual. On the other
hand in the 4th week F1 treated line males, the average
frequency of sperm with abnormal head morphology was 17.62%
(Table 32) and in F, generation the average frequency was
5.50% in 2 males (Table 47). However, when compared to the
respective control, it was found to significantly high in
treated line both in Fi and F2 generation. Therefore,

on the whole the data indicated that the mutagenic factor
was transmitted from one generation to the other.
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Table 47

Frequency of sperm with abnormal head morphology in
F, male of control and bacterium, B. aeruginosa
treated line mice of 2nd and 4th week

Fix,

Nol.,of Total Nos Total No. %
Indi. of sp.head of abns sp.
counted head
ond wk Control Line
1 600 5 0.83
2 600 8 1,33
3 600 7 1.16
Total 1800 20 1,11
Treated Line
1 600 35 5.83
2 600 83 13,83
Total 1200 118 9.83
4th vwk Control) Line
1 600 11 1.83
2 600 S 1.50
3 600 7 1:16
Total 1800 27 1.50
Treated Line
1 600 45 7.50
2 600 21 3.50

Total 1200 66 5:50
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F, Histological studies 3

1) Effect on testis 3

Since the reproductive potentiality in F1 and F2
generation was greatly affected specially in the treated
line, only few testes could histologically be studied,

The microtome sections of the testis of F2 males of both
treated and control line were stained with haematoxylin and
eosine stain.

Observation

The histology of testis of the control line male did
not show any difference with that of normal individual, ©On
the other hand the histological sections of the testis of
treated line male though appeared more or less normal but
there was some amount of difference, It was found that the
epithelium of seminiferous tubules was normal like that of
control but most of them have lost their compactness and
having a number of vacuoles (BPM 178). Vacuolation was also
observed in spermatogonial to spermatocyte cells lining
(PM 178). In some cases the lumen of the tubules was
large containing no spermatczoa. In some cases the lumen was
blocked (FPM 177). Further, the appearance of the
histological structure of the testis of F1 and F2 treated line
males did differ appreciably.

i1i) Effect on ovary 3

The histeological changes in the section of the
ovary of 2nd and 4th week control and treated line F2 females



Explanation of Photomicrographs

Photomicrograph of the section of testis of treated
line F, individuals.

PM 177. Lumen of the follicle 1s blocked and without
spermatozoa.

PM 178. No dividing cells and many vacuoles within the
follicular cell lining.
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with regard to the structure like perivitelline space,
number of nucleoli, abnormal nucleus etc., ¥f any were
studied (Table 48). In the control line the sections
showed that there was some cases of large perivitelline
space and abnormality in the nucleus, On the other hand
the sections of the ovary of treated line of 2nd 4th week
F, females showed variable abnormality (PM 179-184)., In
some cases the frequency was strikingly different while in
others it was not distinguishable from that of control,
Thus in 2 females of 2nd week control line the average
abnormalities was 6,28% and 8,51% (Table 48) while in the
treated line females of 2nd week it was 12.72% and 54.85%
(Table 48) indicating some amount of difference in the ovary
of the treated females.’

Similarly in the 4th week, the average frequency of
abnormalities in the section of the ovary of 3 females in
F, control 1ine was 8,09%, 10.12% and 8.71% (Table 48) while
in the treated line it was 11,0% and 14.78%. Therefore,
the difference in the treated line was higher than that of
control line,

Comments

The study of the histological section of the ovary
did not show any glaring difference though the treated line
had some amount of effect,

Effect on uterus 3

Histological section of uterus of the F2 females of
control and treated line did not show any glaring difference.



Explanation of Photomicrographs

Photomicrograph of T.S. of ovary of F2 individuals.

PM 179, Two macro=~nucleoli within the nucleus of a
secondary follicles of which one in degenerative
condition.

PM 180, Two micro-nucleoli within the nucleus of a
secondary follicle,

PM 181, Two nuclei with one nucleolus each within a
secondary follicles in which one nucleolus is

hicghly fragmented.






Explanation of Photomicrographs

Photomicrograph of the T,S, ovary of F, individuals.

M 182, Three macro-nucleoli with pucleus of a
Graafian follicle,

M 183, One mecroe- and some micro=nucleoli with a
nucleus of a maturing/Craafian follicle.

PM 184, Two prominent macro nucleoli within a
nucleus of a Graafian follicle,






Table 48

Frequency of abnormal secondary, maturing/grafian follicles in F, female offspring
for mating of F, male and females of control and Psaudomans treated line

Fix. Ind. Stage Total Large HNucleus Nucleus Nucleus abn, Atri, Total %

Hoe P.V. 2 3 4 nucle, falii.
space
Control
G.T./M 80 3 1 - - - 2 6 7.50
2 ,
S.F. 95 2 - - - Jnk - 5 5.26
Total 175 5 1 - - 3 2 11 6,28
2nd
wk
Treated
G.F./M o8 4 3 - - - 1 8 8,16
1 "
S.Fe 110 9 b1 - % gk - 14 12,72
Total 208 13 4 - - 4 1 22  10.57

99¢



Table 48 (Contd.)

Fix. 1Ind. Stage Total TLarge Nucleus Nucleus Nucleus 2bn. Atri. Total %
No. . p,V. 2 3 nucle, falli.
space
Control
“. e GJEM 100 a 3 - - 4 9 8.18
2 ' i
Total 235 10 1 - 5 4 20 8.51
2nd wh Treated
G.£f./M 70 30 11 5 2 - 51 72.85
2 .
S,F, 105 i8 15 1 11 %% - 45 42.85
Total 175 48 26 6 13 - 96 54.85
4th wk Control
G.f.,/M 110 6 1 - - - 7 6.30
1
S.F, 100 10 - - - - 10 10,00
Total 210 16 1 - - - 17 8.09

Loz



Table 48 (Contd.)

Fix. Ind,No, Stage Total Large Nucleus Nucleus Nucleus Abne. Atri, Total %
P.Ve 2 3 4 nucleo £fallil.
space
4th wk Treated
G.f./M 115 s 2 - - 2 3 14 12.17
1
i S.F, 85 5 - - - 3*% - 8 9.41
Total 200 12 2 - - 5 3 22 11,00
Control
. Gof/M 112 8 - - - - 5 13 11,60
S.F. 125 6 1 - - S5** - 11 8.80
Total 237 14 1 - - 5 5 24 10.12
Treated
G.f./M 105 8 2 1 - - 2 13 12.38
2
S.F, 125 10 1 2 - gw - 21 16.80
Total 230 18 3 3 - 8 2 24 14.78

892



Table 48 (Contd.)

Fix, Ind. Stage Total Large Nucleus Nucleus Rucleus 2bn. Atri., Total %
No. PV, 2 3 4 nucle, falli,.
space
4§'t1'1 \ Control
MK
Jeo
' G.f./M 117 4 2 - - 2 2 10 8.54
3
S.F, 130 11 - - - 3% - 14 10.76
Total 247 15 2 - - S 2 24 9.71

** Cytoplasm vacuolated

69¢



CHAPTER IV 270

A, Teratogenic effect in P. aeruginosa log culture

injected females after showing vaginal plug
against nutrient broth injected controls

The teratogenic effect caused by the rubella and
cytomegalo viruses have been mentioned before, Brown
(1966) made a review of the viral actiolog& of congenital
anomalies associated with rupella, influenza, cytomegalo
infections hepatitis, coxsackie, poliomyelitis, ECHO,
mumps, measles, small pox and encephalities viruses,
Among them the teratogenic effect of rubella, cytomegalo
virus, coxsackie, poliomyelitis etc. was claimed while it
was not so certain about iqfluenza, infections hepatitis,
mumps etc. Desmond et al. ¥1970) reviewed the work of early
growth-and development of infants with rubella infected
mother, They showed various types of effect. Similarly
Hanshaw (1970) reviewed the developmental abnormalities
associated with cytomegalo virus infection. Beside viruses,
the teratogenic effect of azodyes (Beck and Lloyd, 1966),
ionizing radiations (Jacobson, 1970) etc. have also been
studied. So far as the present author was aware the
teratogenic effect in bacteria infected patients have not
been studied though some cases of females infected with
bacteria of .gonorrhoea, syphilis gave birth blind child

Anyhow the infection of Pseudomonas might have
teratogenic effect was indicated by the abnormalities
in the progeny of treated mice (Manna and Dey, 1979).
In the present'study, an attempt has been made to see
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the preliminary effect of Pseudomonas culture injected
to pregnant mice of different days after the appearance
of vaginal plug,

Procedure and observation

Sexually mature normal males and females were
kept together in the breeding cage with food and water,
The females were examined every day to see i1f the vaginal
plug had appeared, Such 10 females showing sign of
pregnancy in each batch were taken and the log culture of
P. aeruginosa was injected intraperitoneally at the rate
of 1 ml per 100 gm body weight, Another set of 10 such
females after the appearance of vaginal), plug were injected
with freshly prepared nutrient broth. These two sets of
females were sacrificed on 15th day after observing the
vaginal plug. It was found that out of 10 control females,
6 were really pregnant which had 35 embryos, all the
living showing no apparent embryonic abnormalities, On
the other hand all 10 females treated with Pseudomonas
culture, was found to have no embryonic implants within
their uterus (Table 49) indicating thereby that the
fertilized ovum died very likely before they reached to the
uterus for implantation. Usually it has been estimated
that about 4-5 days are required to reach the fertiligzed
ovum to the uterus for implantation (Rugh, 1962; Bateman
and Epstein, 1971), Sometimes it is possible that a normal
female might show the vaginal plug as a false pregnancy
as found in the control line. But it could be 100% cases
as found in the treated line, Therefore, the absence of
any female of the treated line having no implanted
embryo should indicate that they might have died after or
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before implantation. The absence of the sear mark in
the uterus of these females ruled out the possibility
of post-dmplantation loss,

Similar study was carried out with different
sets of 10 females showing vaginal plug. In the
secon experiment, on the 2nd day after the appearance
of vaginal plug, each of the female of the control
series was injected with the nutrient broth,' In the
treated series each female of another set was
intraperitoneally injected with the log culture of
P. aeruginosa at the rate of 1 ml per 100 gm body weight.
All these females were sacrificed on 15 day after
observing the vaginal plug to expose the uterus with a
view to counting the number of living and dead embryos
as well as any apparent morphological changes in them.
In the control series out of 10 females, 7 were really
pregnant which had 60 implants of which 3 were dead and
57 were alive (Table 49), After removing the fetal covering
the embryos were critically examined under a dissecting
binocular, None of the embryo showed any abnormal
morphological feature., On the other hand the 10
females of the treated series showed that none of them
was having any implant in their uterus (Table 49).
Just as the same experienced in one day post-treatment
females stated before, Therefore, the same conclusion
holds true for the treatment of the 2nd day as well,
The fertilization might have taken place at least in
some of them but the fertilized eggs could not
implant in the uterus indicating the pre-implantation
loss,
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A set of 10 control females showing vaginal plug
was injected on 3rd aay with the nutrient broth served
as control while another set of 10 females showing
vaginal plug were 1njectéa on 3rd day with log culture
of Pseudomonas served as treated series, On 15 day after
the appearance of the vaginal plug they were sacrificed
and the uteri were exposed. In the control series; out
of 10 females, 6 were really pregnant which had 36
living implants and 1 dead implant. After clearing the
fetal covering of the living embryos, none of the 36
showed any conspicuous morphological change. On the
other hand in the treated series, out of 10 females
sacrificed on 15th day, 2 showed sign of pregnancy which
contained only 2 1living implants and 2 dead implants
(Table 49) and in the other individuals some unknown f£luid
was found to accumulate in the swelled uterus (PM 185).
These two living embryos when examined under dissectiﬁg
binocular, one appeared to have disproportionately large
brain (PM 188) while both the embryos had one fore limb
without the formation of digit (PM 187-188). Therefore,
the treatment of the log~culture on 3rd day after the
formation of vaginal plug showed very interesting result,
Though most of the females had fertilized egg destroyed
by the effect of the Pseudomonas culture but very few of
them escaped and implanted in the uterus. The present
study showed that out of 4 embryos which could reach the
uterus, 2 died leaving the scar mark and 2 showed
the teratogenic abnormality like abnormal brain size
(PM 188) and fore limbs without digits (PM 187-188).

On 4th day after showing the waginal plugy, 6



Explanation of Photomicrographs

Photomicrographs showed different types of affect
after treatment of Pseudomonas culture on different
days of pregnancy.

M 185, Swelled uterus.

PM 186, Uterine horn showed all dead embryos.






Ezglanatiog of Phgtgm;crggrgpgs

Photomicrographs of affected embryos after tregtment
of Pseudomomas culture on different day of pregnancy
i.e, after appearance of vaginal pluge

oM 187. One deformed fore limb.

PM 188. One deformed fore 1inb and a abnormal brain size.
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females were injected with freshly prepared broth and
8 females were injected with log culture of Pseudomonas.

Table 49

Teratogenic efifect in P. aeruginosa log culture injected
females showing vaginal plug against nutrient broth
injected controls. Control data in bmacket,

Days of No.,of No.0of No,of No.of No.of No.of Remark
treat. plug prege. impl. living embr. dead

after fem, fem, impl. show- emb-

plug ing ryos
terato-
genic
effect

1st day = 10(10) *(6) *(35)  %(35) *(a) *(.)

2nd " 100100 *(7) *(60) *(57) *(.) *(3)

) ; Growth
3rga " 10(18) 2(6) 4(37) 2(38) 2(=) 2(1)  _iorded
4¢h * 8X 6) 3(5) 11(35) 1(35) .1(-) 10{-~) Growth

5th " 9( 5) 7(4% 45(29) -(29) ~(-) 45(.) Tretarded

*Complete absence of implantation in Pseudomonas culture
treated females after mating and appearance of vaginal
plug.
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Each female was sacrificed on 1S5 day after observing the
vaginal plug, The uteri of 6 control females exposure
revealed 5 of them were pregnant and there were 35
implants but none was dead, After clearing the fetal
membrane all the 35 embryos did not show any apparent
morphological changes, In the treated series, 8 females
were sacrificed on 15 day. 3 of them were pregnant
which had 11 implants but only one was alive and the
remaining 10 were dead (Table 49), The solitary living
embryos after clearing its fetal membrane was seen to
have retarded growth in comparison to that of the control
series,

In another set of experiment 5 females were injected
with nutrient broth contrcl series and 9 females within
log culture of Pseudomonas in the treated series afiter S
days from the date of the appearance of vaginal plug. ©On
exposing the uteri on 15 day of gestation, 4 of 10 control
females had 29 implants and none of them was dead. The
examination of 29 embryos showed no abnormality in their
morphological feature, On the other hand, an examination
of the 9 treated females revealed that 7 of them had 45
implants but all were dead (PM 186) having no living
implants (Table 49). The data, therefore, showed that most
of the treated females had no pre~implantation fetality
and it was all.due to post-implantation effects.

‘Comments

The injection of the leog culture of Pseudomonas
to mating females after the appearance of vaginal plug on
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the 1st to 5th day caused tremendous fetal effect in the
form of pre-implantation and post-~implantation loss.
Only 3 living embryos in the present study were obtained
and all of them showed some abnormality. Further the
treatment of Pseudomonas culture was totally fatal to
the fertilized egg when the bacterial sample was
injected on 1st and 2nd day after the appearance of
vaginal plut, It was largely fatal from 3rd to 5th day
indicated by both pre~ and post-implantation loss, Thus
with the lapse of time after the appearance of vaginal
plug, the treatment (as on 5th day) caused largely the
post-implantation loss because by the time the fertilized
eggs were implanted into the uteri, If the data of the
nutrient broth injected control series was considered,
there was perhaps no pre-implantation loss. This was
surmised because females which were really pregnant did
have many living implants barring one or two dead. Thus
oat of 196 implants for the injection of the nutrient
broth in 1-day to S5th day to different females, only 4
were dead. The remaining 192 living implants had no
teratogenic effect, On the other hand the teratogenic
effect was very high before and after implantation for
the treatment of Pseudomonas culture to pregnant females
1 to 5 days after the appearance of the vaginal plug. It
was much higher than that of Pseudomonas treated males
mated to different sets of females for 7 week described
before. ‘

The mechanism of teratogenic effect has not been
investigated at present as the present study was an
explorative keeping in view to extend the study in
future,
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B, Histological studies of uteri of control and Hreated
series pregnant mothers.

It was mentioned before that though the mechanism
of action for the production high percentage of mortality
and enbryonic deformity in Pseudomonas culture treated
females has not been critically undertaken but it was
looked for if there was amany mechanical reason apart from
the genotoxiqgeffect. With this ;n view transverse
sections of*%ﬁé uterus of control and treated females
were stained in Haemalonglin-Eosin and were studied in
some of the pregnant females both control and treated
lines of 3rd and 4th day administration.

Obsexrvation

As examination of the histological stained
preparation of the uterus of control females showed that
the structures were just like normal (PM 189) the detail
of which has already been presented in Chapter I, On the
other hand the sectéon of the uterus of pregnant females
treated on 3rd day with Pseudomonas culture showed on 15th
day after that the lumen was very reduced, the epithelial
layer was undulated; large number of villi projected into
the lumen (PM 192), blood vessels having very narrow
cavity, RBC number was limited and so on. The muscular
layer was thin and very compact and the cells of the
connective tissue were disorganised with many nectrotic
cells (PM 190), The structural changes found in the T.S,
of uterus of the present study if compared with that of
control, the changes were found to be more drastic. The



Photomicrographs of T.S. of uterus after treatment of
Pseudomonas culture on diﬁfe:ent<day of pregunancy i,e,
after appearance of vaginal plug.

PM 189, Normal structure of uterus.

PM 190. Disorganised conmnective tissue with many
nectTrotic cells.






Explanation of §Hotomicrogganhs

FHotomicrographs of T.S5. of uterusmfter treatmént of
Bseudomonas culture on different day of pregnancy i.e,
after .appearance of vaginal pluge.

PM 191, Disorganised connective tissue layer and many
vacuoles in the uterus,
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Explanation of Photomicrographs

Photomicrographs of T,38., of uterus after treatment
of Pseudomonas culture on different day of pregnancy
i.e, after appearance of vaginal plug.

PM 192, Large number of villi projected into the lumen
of uterus.

PM 193, Loose villi within the lumen of the uterus.

PM 194, Disorganised permimetrium layer in the uterus.
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cells in the uterine epithelium were disorganized, some
were loose and found in the lumen, some were cytolized
(FM 192), The cells in the perimetrium layer were also
disorganised and - no definite demarcation of the membrane
could be distinghished, etc, They would render some
mechanical hindrance in the treated mother beside the
genotoxic effect produced by the bacterium,

The histological sections of the pregnant mother at
15 day to whom the log culture was injected on 4 day after
cbserving vaginal plug also showed the changes in the
form of very narrow lumen, some detached villi and dead
cells within-the lumen (PM 192) disorganised connective
tissue layer, many vacuoles (FM 190), small number of
fibroblasts and blood vessels, muscular layer
showing sign of separation of muscular f£iber etc,,
Therefore, the structure of uterus showed greater
abnormalities speclally by the presence of fragmented
villi, vacuolation and pycnotic cells in the myometrium
and endometrium layer and which would suggest some
mechanical disturbance was also present beside the
genotoxic effect,

The histological study made above indicated
that there was some abnormalities which might have
inflicted as a result of the toxin of the bacterium,
Pseudomonas in the treated mother, Anyhow, the toxin or
some other factors must have genotoxic effect as
indicated in earlier chapters.

A




Concluding remarks 3

The effect of the intraperitoneal injection of
log culture of P, aeruginosa = (1) in male parents and
their mating to virgin females leading to, (2) F,
generation and (3) i@:breeding of F1 brother-sister of
F, production F, generation and (4) females after
showings sign of pregnancy injected with the bacterial
culture 1 to 5 days in different sets assayed by various
mutagenicity testing protocols proved reasonably that the
bacterial culture was clastogenic, mutagenic and teratogenic
under experimental condition in mice as compared tco the
relevant controls, The results have been presented and
discussed before in different chapters and summing up of
them one by one have been attempted here to have a
comprehensive view.

The clastogenic potentiality of the bacterium has
been proved primarily by the study of the bone marrow
chromosome aberrations in mice when the cells were fixed
at different intervals from few minute to several weeks.
In all cases the frequency of aberration was significantly
high than that of control but some deviation was found
when each individual type of aberrations was considered,
Among the individual type aberrations, the break type ones
like chromatid break, acentric fragment, translocation or
association were of genetic significance while other types
like gaps, constrictions precocious centric separation of
chromosomes were of debatable significance, If the
frequency of true break type aberration in treated series
was compared with that of control, the former would out-
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number the latter. Among gross types, aberrations
involving numerical change would more have genetic
significance than other types., The frequency of cell
with gross numerical changes would also out-number the
frequency of the control series, Thus if too much
impar tance on the exact value was not attached because
of the inclusion of some arbitrary types, even then it
would reasonably be clear that on the whole the effect
for the treatment of log culture of Pseudomonas was much
higher than that of control, In other words the
clastogenic property of Pseudomonas in treated mice was
quite evident,

The occurrence of the chromosome- aberrations in
bone marrow cells encountered as early as 10 minute and as
late as 7 week would indicate that the effect was immediate
vhich lingered for a long time, Further, the individual
type aberrations were mostly of chromatid type which would
indicate that the G2 phase was most vulnerable. The
response was comparable to those of chemically induced
aberration as similar situation was generalized by ‘
Kihlman (1966). It was not wertain how many of the affected
chromosomes underwené restitution or else the affected
cells died, It seemed that both were effective because
more or less the same chromatid type sberrations were ‘
encountered at variocus intervals. It has been assumed
that the aberrations were produced not b& the direct
effect of the bacterium but very likely the treatment
induced certain mutagenic change in the some chromosome
loci which under normal condition were respbnsible to
maintain the structural integritys Such a hypothesis was
forwarded by Manna (1984): The same has also been
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envisaged in the present study because the same types
of aberration were encounted in the spleen of embryos
and bone marrow cells of treated parents and in ﬁ%}and
F2 generation,

The individual type aberrations specially the
chromatid breaks when analysed, showed that they wers
nonrandomly distributed between and within the chromosome
which was revealed not only in the parental generation of
treated series but also in the treated line of F1
generations This has been explained as due to the presence
of some inherent weaker region in the chromosome of mice.
Manna (1975, 1980, 1981) made a critical evaluation of
the group-wise and region-wise distribution of chromatid
breaks induced by good number of chemical and living
mutagens in bone marrow chromosome of mice and had suggested
the presence of inherent weaker reéion in chromosomes in
mice, He cited evidences from prokaryotype chromosomes as
well (Stahl, 1972). In recent years nearly 18 heritable
fragile sites in human cancer chromoscmes have been
detected (leBeau and Rewley, 1984) Chaganti, 1985), In
the present study the occurrence of the nonrandom
distribution of chromatid breaks found in F, generation
of treated line mice would also support that the genetic
loci controlling them were inherited.

The differential occurrence of the precocious
separation of chromatids of some chromosomes belonging to
different groups showed that the maximum incidence took
place in group V. The next one was group IV while it was
very rare in chromosomes of groups I and II, The
differential precociocus separation of the chromatids at
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metaphase plates in mice was experienced by different
workers in our laboratory when mice treated with some
chemical and living mutagens. Thus it could be envisaged
that the chfomosomes ¢of smaller groups specially of

groups V and IV might have some defect in centromere,

This was found more in treated series due to genotoxic
_effect than that of the control, Surprisingly this trend
was also found in ¥, generation, This would indirectly

lead to suspect that the phenomenon could be under genetic
control. Anomalous chromosomes behaviour dque to centromeric
condition are known in many organisms while it has been
found also in some chromoscmes of mice. Further asynchromous
separation 6f chromosomes of the complement in other

mammals has also been claimed (Farook and Farcok, 1985),

The clastogenic potentiality of the log culture of
P. aeruginosa besides the somatic chromosome aberration
stud§ was also supported by the micronuclei test., However,
the dose dependent effect could not be established for the
present because the higher doses were fatal to the treated
mice, The treatment of 1 ml dose revealed that the
frequency of micronucleated polychromatic and normochramatic
erythrocytes was greatly enhanced than that of control&:;}
However, the frequency of micronucleated cells was
relatively low than of the chromosome aberrations. This
was not unexpected because in MNT only few among many forms
of chromosome aberrations could be detectable.

The clastogenic potentiality of the bacterium was
further supported by the study of the meiotic chromosome
aberration studied at spermatogonial metaphase, diakinesis,
metaphase I and metaphase II. The frequency of aberration
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in treated mice was significantly high than that of
control which was observed at all 18 intervals between 10
minute to 7th week. This confirmed the £indings of the
bone marrow cells, All the more the aberration study in the
meiotic chromosomes also indicated that the effect of the
bacterium was not restricted to any particular tissue,
Over and above the occurrence of the germinal chromosome
aberration induced by the bacterium would have direct .
implication of its mutagenic potentiality since meiotic
chromosomes are included in gamete and one\transferred
through fertilization to the next generation.

The study of sperm count of the epididymal samples
clearly indicated that there was considerable depletion
in the bacterial culture treated males than that of control
though the genetic significance of the test is subjudice.
However, the occurrence of the higher frequency depletion
in sperms in epididymal samples in F, genecration -and
F, generation of the treated lines than that of control
lines might tempt to imply some gemetical involvement but
we refrained from making any positive claim until it is
positively proved.

The study of the frequency of sperms with abnormal
head morphology in the epididymal samples showed that the
frequency in treated males was significantly high than
that of control. 7The occurrence of higher frequency of
sperms with abnormal head morphology in treated lines of
F1 and Fz males than that of control would support the
genetic control of sperm head morphology which has been
claimed by many workers (see Wyrobeck, 1979).
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The treatment of the Pseudomonas log culture to
males and females brought changes in the histological
structure of the testis and ovary. This also affected
the reproductive potentiality for which there were some
increase in the frequency of sterility of the mating
individuals, These results might imply that the decrease
in the reproductive potentiality in treated series could
be genetical if not mechanical, However, the study of the
histological sections of the germinal glands in F1 and
Fz generation showed some structural abnormalities
along with the reduction in the reproductive potentiality
in treated lines more than that of control. "This would
imply very likely the genetic involvement as histological
changes in reproductive gland for the treatment of some
insecticide has been claimed to be a parameter of mutagenicité
testing protocol (Bal, 1984). Anyhow the study of
histological section of uterus in bacteria treated females
showed various changes in the structure. This was
considered to be a sort of mechanical obstruction to the
normal repgoduction.

It is well known that the mutagenic potentiality
of an agent céuld be established more definitely if some
changes could be shown in F1 generation against suitable
controls, With this in view, several cytogenetic assays
were conducted in Fy generation of which so«called the
“dominant lethal test" in mice was very crucial. Anyhow,
for the lethal test the male mouse treated with the log
culture of Pseudmmonas was allowed to mate with different
sets of virgin females consecutively for 7 week to cover
the time-table of spermatogenesis and spermiogenesis from
wndifferentiated spermatogonia (Adler, 1982), However,
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the data of lethal test had limitation largely due to
sterility developed in the treated series discussed

before. It was found that the mutagenic index was much
higher than that of control for mating in the 1lst, 2nd,

3rd and 4th week while no data in the treated line was
available for cent percent sterility developed from 5 to

7 week, Therefore, in spite of some limitation, the data
indicated the mutagenic potentiality in the treated series,
Therefore, though the stage sensitivity of the spermatocytes
cycle could not be assessed for the limited data, the
combined data of all weeks was significantly higher than
control (P< 0,05) indicating at least lethals were

induced for the treatment of male parent with log culture
of Pseudomonas, The effect of the treatment of Pseudomonas
wag supported further by the study of the chromosome
aberration in the liver cells of F, embryos at 15 day of
gestation and in bone marrow cells of 3 month old F1 adults.
The chromosome aberration study in the liver of several
embryos of mothers mated to log culture treated males in 2nd,
3rd, 4th and 7th week revealed that (Table 17) the frequency
of chromosome aberration was strikingly higher than that

of control, Similarly the study of bome marrow chromosome
aberration in 3 month old F1 adults raised from the mating
of treated males with virgin females in 1st, 2nd, 3rd

and 4th week revealed very high frequency of chromosome
aberrations than that of control (Table 20). Therefore
both the studies showed that the living embryos or adults
in F, generation of the treated line had very high
frequency of aberration than that of control which had been
explained as Que to the inheritance of the mutagenie

factor from parent to F, generation. Further, the effect
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was not tissue specific as liver and bone marrow showed
higher frequency of aberrations in F1 generation.

Basing on the hypothesis adveocated by Manna (1984) it

has been envisaged that there was mutation in some
chromosomal loci which under normal condition would have
maintained the structure integrity of the chromosome but
once mutated, they had lost the control and that had led to
the appearance of various types of chromosome aberration
as observed in our study, It was also envisaged that the
same chromosomal mutation could lead to lethality of the
developing embryos if the aberrations were severe or of
vital nature, Otherwise they might cause aberrations
which could be present in Fl living individuals, Anyhow,
the study of the chromosome aberrations in F1 generation
would support that it was under the control of genetical
factor.

The chromosome aberration was found not only in the
somatic cell of F1 embryos and bone marrow cells of adult
but alsco in the testis cells of F1 males of 3 month old
mice of treated line., The study of chromosome aberration
in spermatogonial metaphase, diakinesis, metaphase I and
metaphase II of the treated line F1 males of 4 week mating
revealed very high frequency of aberrations in all these
stages as compared to that of control presented befbre.

It could be generalised that the high frequency of the
chromosome aberrations in somatic and germinal cells of

F1 treated line than that of control must have been produced
due to some mutagenic factor transmitted from treated

male parent to the F, generation.
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The stily of the sperm count and the sperm head
morphology of the epididymal samples of those F, males in
which the meiotic chromosome aberration study was conducted,
It revealed that there was significantly high depletien in
tha* sperm count in treated line males than that of control
in all weeks, This result perhaps would imply some genetic
factor transmitted in Fl generation which was responsible
not only for the hicher fregquency of the chromosome
aberration but also the sperm depletion effect. Similarly
the higher frequency of sperms with abnormal head morphology
in the epididymal samples of 3 month old Fy males of four
week treated lines than that of control would also imply
the same factor was transmitted from treated male to
offspring in F, generation {Table 32).

The study of the teratogenic effect in F1 generation
from the mating of treated males with virgin females ’
suffered for adequate data. Only very few instances of
defects in skeletal structure, brain, size of the individwds
were encountered but all were in the treated line and none
in the control line, Therefore, they were indicative of
the teratogenic effect induced by the treatment of the log
culture,

Beside the cytogenetic and teratogenic effect
found in the F; generation metnioned above there was
also some effects in the histological structure of the
testis, ovary in F1 individuals than as compared to
controls while no effect was found in the uterus,
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The various results obtained in F1 generation
summarised above would testify the mutagenic potentiality
of the bacterium, P, asruginosa. However, the specific
factor in P, asruginosa acting as the mutagen is yet to
be determined, The bacterial toxin a (Manna, 1980)
or else the cell wall or some component of the bacterium
is to be critically evaluated.

The mutagenic potentiality of the bacterium was
further evidenced.ishen the result of the different studies
carried out in Fo generation were considered,’ As the
treatment of the bacterium reduced the reproductive
potentiality and in Some cases induced complete
sterility, the data of Fz generation suffered considerable
limitation., Because of the limited availability of
specimens it was not possible to varify if there was any
lethal effect in F2 generation during gestation after
gselfing the F, treated line males and females in comparison
to that of control line males and females, It was attempted
after parturition but the data was also very limited (Table
34)., However, the chrompsome aberration study in the bone
marrow cells of the F2 individuals obtained from mating
of F, treated linewmales and females of 2nd and 4th week
revealed higher freguency of aberrations than that of
controls (e.qg. 37.5% against 9,5% in the control of 2nd
week and 35.0% against 8,5% in the control of 4th week)
indicating the mutagenic factor was transmitted from Fl
%o F2 generation.

Further, the study of the chromosome aberration in
the spermatogonial metaphase, diakinesis, metaphase I and
metaphase II from the testis of two male individuals of the
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2nd and 4th week treated line revealed also higher frequency
of aberrations than that of control. The results of
chromosome aberrations in cells of testes, of F, treated
line males also supported the view that the mutagenic
factor was transmitted in the Fz generation from F1
generation. It was mentioned before that the sperm count
of the epididymal sample of 2nd week treated line Fz males
did not show much difference with that of control while
the difference was somewvhat significant in 4th week line,
On the otherhand the study of the frequency of sperm with
abnormal head morphology in the epididymal sample of 2nd
week and 4th week treated line Fz male individuals was
significantly hicgher than that of control in esach week,
JTherefore, almost all the tests: mentioned above showed
that the mutagenic ) change induced in the parental male
was transmitted to F1 and F2 generations.

The teratogenic effect intended to be studied by
treating the females with log culture fronm one to f£ive day
after observing the vaginal plug against nutrient broth
injected control, This was largely not fruitful because
100% sterility was evidenced as when the uteri of the
treated females were exposed on 15 day after plugging, on
sign of implantation was observed. This was the case of
females which were injected with the log culture of the
bacterium on 1st day and 2nd day after the appearance of
the plug. The sign of implantation was partly seen when
the log culture was injected on 3rd day after the plugging.
The treatment of the log culture op 4th day and 5th day
after plugoing yielded some pregnant females relatively
more than that of 3rd day. However, the study of the
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teratogenic effect was seriously handicapped because
almost all the implants were dead. Thus out of the total
of 60 implants observed in 12 pregnant mothers treated
with Pseudomonag culture on 3rd day, 4th day and §th day
after plugging only 3 were alive and remaining 57 were
dead, These 3 had teratogenic effect like retarded growth,
enlarged brain and deformed fore-limbs etc, 'So in spite
of this limited data the study indicated the possibility
of very high frequency of teratogenic effect induced by
log cultyre of Pseudomonas treated females., The high
frequency of pre-~implantation loss of the fertilized eggs
curtailed the data of the present study.
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Summary

The clastogenic, mutagenic and teratogenic
potentialities of the bacterium, P. aeruginosa belonging
to the family Pseudomonadaceae under the order Pseudomonadales
have been assessed in mice system using different
testing protocols against nutrient broth injected controls.
The effects in the parental generation assessed by various
testing methods have been presented in Chapter I and they
have been summarized in the following

Laboratory bred Swiss albino mice, Mus musculus of
about 3 month old were used as experimental animals. The
log culture of P, aeruginosa containing approximately 17x10
cell/ml generally injected intraperitoneally at the rate of
1 ml1/100 gm body weight of the individual served as treated
series while freshly prepared nutrient broth without putting
any bacterium injected at the same rate to normal mice
served as controls., Bone marrow cells of mice injected
with log culture of P, aeruginosa and other set with
nutrient broth were collected separately at various intervals
after the injection and the chromosome aberrations were
assessed in 100 plates per individual using 2 males and
2 females at each fixation interval. The chromosome
aberrations were put under two categories as individual
types consisting of break, acentric fragment, translocation,

7

gaps and constrictions, precocious centromeric separation
etc, and gross! types consisting of numerical change in the
form of aneuploidy and polyploidy and other types like
stickiness, pycnosis etec. As compared to control, the
aberration types were more common in the treated specimens.
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The frequency of aberration taking both individual and
gross type together showed the net increase in the

treated series over control as 41.50% in 1st week, 38,50% at
2nd week, 38.25% at 3rd week, 39,0% at 4th week, 42,50% at
5th week, 57.25% at 6th week, 31.50% at 7th week and 41,14%
in data of aill intervals combined. The difference in
chromosome aberration data of control and treated specimens
was statistically highly significant. The aberration
frequency in the two sexes was not significantly different,
Among the individual type aberrations, the frequency of
centromeric dissociation was higher than any other type.
The next one was the translocation followed by the
chromatid breaks;

An analysis of the cases of centromeric dissocilation
in different groups of chromosomes in material fixed in
7 weeks of the control and treated samples was made, Both
in control and treated specimens, the frequency of
centromeric dissociation was relatively high in chromosomes
belonging to group V and group IV while it was practically
absent in chromosomes belonging to groups I and II, The
frequency of centromeric dissociation was relatively very
high in chromosomes of the treated specimens and the net
increase over control was 15,75% in ist week, 11.25% in
2nd week, 19,25% in 3rd week 11,50% in 4th week, 24,0% in
5th week, 20,50% in 6th week, 10.25% in 7th week and 17.21%
in combined data of all weeks, Chromosomes of smaller
group have been suspected to have defective centromere
and the frequency was enhanced for the treatment of the
log culture of Pgeudomonas.
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The chromatid breaks were found nonrandomly
distributed between and within the five groups of
chromosomes when the observed and the expected number were
compared, The data showed that chromosomes belongiqg to
group I and to some extent group II were more vulnerable
while those belonging to groups III to V were somewhat
resistant when the group-wise breakage data were analysed,
The region<wise analysis of the chromatid breaks also
indicated that distal region of the affected chromosomes
was more vulnerable while the proximal region was somewhat
resistant as the observed and the expected numbers were
compared. This has led to support the earlier view
advocated by Manna that mice chromosomes possibly have
inherent weaker regions which was supported in recent
years by the discovery of some 18 fragile sites in human
cancer chromosomes.,

The clastogenic potentiality of the P, aeruqginosa
was supported further by the study of the micronucleated
polychromatic and normochromatic erythrocytes as the data
were compared with that of the control specimens. The
verification of the dose-dependent effect on the production
of micronucleated cells using double and triple doses of
the log culture of Pgseudomonas failed because these doses
were fatal to the treated specimens. The frequency of
micronucléated erythrocyte was lower than that of the
chromosome aberrations which has been explained as all forms
of aberrations did not contribute to the micronucleus
formation.

The clastogenic poténtiality of the P. aeruginosa
was further substantiated by the study of the meiotic



294

chromosome aberrations in different stages of male mice
fixed at 18 intervals between 10 min and 7 week against
nutrient broth injected controls, The frequency of
aberration in each interval was mostly higher than that

of control. The net increase in treated series over

control in 18 intervals, 10 min, 1 hr, 2 hr, 4 hr, 8 hr,

24 hr, 48 hr, 72 hr, 96 hr, 120 hr, 144 hr, ist week, 2nd
waek, 3rd waeek, 4th week, 5th week, 6th week and 7th week
was in-spermatogonial metaphase, 1.37%; 24.25%; 3.08%,
16.86%, 12.,71%, -1.60%, 11.66%, 10;71%, -9,52%, 17.59%,
13,58%, 48,10%, 17.33%, ~1,22%, 42,31%, 24.67%, 55.39% and
19,09% respectivelys in diakinesis 7.26%; 1.96%, 5.72%, 21.78%,
64,57%; 14:06%, 8.38%, 29.57%, 2,26%, 34.86%, 60.27%, 92.11%,
22,22%, T1.57%, 52,83%, 29.59%, 74.,14% and 58,47% respectivelys
in metaphase I 11,33%, S5.34%, 1,34%, 5.66%, 23,34%, 23.67%,
0,66%, 11,67%, 7.00%, 19.84%, 22,14%, 22,75%, 27.67%, 28.67%,
35.00%, 40,52%, 65.93% and 26.42% respectively and in
metaphase IX 15,40%, 17.08%, 11,05%, 15,72%, 11.,78%, 4.74%,
20:83%; 66,92%, 44,23%, 58,25%, 65.,92%, 55.25%, 66.36% and
47.99% respectively, If data of the frequency of chromosome
aberrations of all intervals were combined, the average
increase was 17,11% in spermatogonial metaphase, 33,99% at
diakinesis, 19,56% at metaphase I and 28.53% at metaphase

IT, If the data of all stages of division were combined to
have a very large sample, the net increase in the

aberration frequency in meiotic chromosomes over control was
14.62%. The occurrence of the higher frequency of
chromosome aberration in different stages of melosis
confirmed the clastogenic potentiality of bacterium

in treated mice which was evidenced by the study of bone
marrow chroﬁosome aberrations and by the occurrence of
higher frequenoy of micronucleated cells,
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The effect of Pseudomonas culture was assessed on
the sperm count at 18 intervals of the sperm suspension
prepared from the left and right epididymes of both
treated and control specimens, The difference in the
sperm count in the two sides was not so significant in
the average of either 3 control or in 3 treated male
specimens. In the combined data of the left and right
epididymes, the mean values of the treated versus control
at 18 different intervals were 13,61 *+ 0,47 against 20,41 *
0,53 at 10 min, 15,88 + 0.68 against 22,92 % 0,71 at 1 hr,
16,35 + 0,43 against 19.28 ¥ 0.45 at 2 hr, 17,83 & 0.45
against 21,35 + 1,36 at 4 hr, 8.42 %+ 0,40 against 15.48 %
0.78 at 8 hr, 16.24 + 0.47 against 14.03 + 0,50 at 24 hr,
4.89 + 0,42 against 18,26 * 0,66 at 48 hr, 8.14 + 0.36
against 13,71 + 0.83 at 72 hr, 7.30 + 0.54 against 18,63 %
0,46 at 96 hr, 6,72 + 0,52 against 18,63 + 0,38 at 120 hr,
4,61 + 0.33 against 18.86 * 0,39 at 144 hr, 6.31 + 0,58
against 12,64 + 0,40 at 1st week, 3,68 + 0,40 against
11,82 + 0,33 at 2nd week, 5.86 + 0.68 against 11,78 + 0.76
at 3rd week, 9.27 *+ 1.24 against 11.81 + 0.81 at 4th week,
7.64 + 9.54 against 18.55 % 0,96 at 5th week, 6,31 + 0.49
against 25,82 + 0.48 at 6th week and 11,10 * 0.53 against
16.33 + 0,86 at 7th week, The data clearly indicated that
the treatment of log culture of P, gerugipnosa induced
signifjcant decrease in sperm count and the difference
was statlstically significant almost in every intervals,

- The frequency of sperms with abnormal head
morphology was studied from- smear oi the epididymal sample
of the contreol and treated males, The frequencies of sperms
with abnormal head morphology found in the epididymis of
~treated and control specimens respectively were 1,22%
against 0.94% at 10 'min, 3.5% against 0,77% at 1 hr, 3.16%
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against 1.,50% at 2 hr, 3,6% against 6.72% at 4 hr, 3.9%
against 1;44% at 8 hr, 5,66% against 1,44% at 24 hr, 9.33%
against 1,16% at 48 hr, 10.5% against 1.33% at 72 hr,

10;5% against 2.0% at 96 hr, 12.61% against 2,.83% at 120 hr,
12;0% against 1.50% at 144 hr, 5.44% against 1,22% at 1st
week, 9.22% against 0,.22% at 2nd week, 10.22% againét 1,61%
at 3rd week, 17.0% against 1.22% at 4th week, 27.5% against
2;05% at S5th week, 28,0% against 1,0% at 6th week, and 22,5%
against 3,33% at 7th week, The difference was statistically
significant at all intervals except at 10 min,- 8 hr, 144 hr,
3rd week and 7th week: If the data of all intervals were
combined, the average frequency was 32.,58% in treated series
against 4,25% in the control series and the difference was
statistically highly significant (P<0,001).

The study of the histological section’ of the testis
and ovary of P+ aeruginosa culture treated male and female
mice respectively showed some changes in the structure of
the gland concerned as compared to that of control
specimens, This also added evidence on thé changes indw ed
‘by the treatment of log culture of Pseudomonas in two sexes
of experimental mice, ‘

The different tests carried out in the parental
generation were found to be significantly high in the
treated specimens than that of control implying the
clastogenic and mutagenic potentiality of the bacterium

P. aervginosa.

The mutagenic potentiality of the bacterium,
P, aeruginosa was substantiated in F, generation using
different testing methods and the results have been presented
in Chapter 1I and they have been summarized in the following 3
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The lethal test, a crucial one for testing mutqgenic
potentialiéy of an ageﬁt ﬁas been conducted by the mating
log culture of Pseudomonas treated male mice with difﬁerent
sets of virgin females each week for eonsecutive 7 weeks
to cover the time table of spermatogenesis and
spermiogenesis, The lethal effect in F, generation was
assessed for the post-implantation loss at 15 day of
gestation and at the end of weéning period affer parturition
of the pregnant mother against control., In the treated
series there was some sterility developed possible for the
treatment of bacteria to male parent for which not even a
single virgin female out of 21 deployed was impregnated by
the mating of 7 different treated males in each 5th and
6th week, Beside the complete sterility developed in 5th
and 6th week, in other week alsc good amount of sterility
observed for vhich out of 21 females, only a few were
impregnated which limited the data of lethal test, The
mutagenic index in treated series was found ralatively high
in 1st to 4th week as compared to control while npo data could
be obtained in the remaining weeks for the reason stated
before. The mutagenic index in the combined data of during
gestation and after parturition in treated and control series
respectively were 40,0% against nil in 1ist week, 25.0% against
4,17% in 2nd week, 22,73% against nil in 3rd week and 29,09%
against nil in 4th week, When the data of all weeks were
combined, the mutagenic index ¢f the average was 24.44% in
the treated series against 1.58% in control series., Thus
in spite of the limited data, the results clearly indicated
that the treatment of log culture to male parents induced
higher frequency of dead implants as well as sterility as
conpared to control. 2According to time table of the spermato-
genesis the stages from spermatocyte to the transfer of
mature sperms in epididymis were very sensitive but it could
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not be said about earlier stages of melosis because no
data were available after 4th wesk.

The mutagenic potentiality of the log culture of
P. aeruginosa also supported by the study of the chromosome
aberration in liver cells of embrycs at 15 day gestation
and bone marrow cells of 3 month 014 individual of F1
control and treated lines. The chromesome aberrations in
embryos of both control and treated series could be
zssessed for mating of 2nd week, 3rd week, 4th week and 7th
week lines which showed qualitatively more or less the same
type of aberrations as found in the treated and control
epecimens of the parental ¢generation having both individual
and gross type gberrations, However, thé freguency was much
higher in treated line embryos than that of control line,
The average freguency of aberration in the liver cells in
different embrvos of treated and control lines were 13,9%
against 7.1% in 2nd week, 15,07% against 5.1% in 3rd week,
23.6% against 4,8% in the 4th week and 28.75% against 4.73%
in the 7th week respectively. All weeks taken together,
the average fregquency was 19,97% in the treated line against
5.4% in the control line indicating clearly that the embryos
in the treated line had much higher frequency of chromosome
aberration than that of control, Similarly the study of the
bone marrow chromosome aberrations in 3 month old F1 adults
ware found much higher in treated line than that of control
and the frequencies were 34,33% against 5.6% in 18t week,
28,12% against 6.30% in 2nd week, 31,33% against 6.0% in
3rd week, 40,6% against 5,66% in 4th week respectively., I£
aberration data of all weeks were combined the average
frecuency wgs 33,31% against 5,94%., Therefore, the frequency

of the chromosome aberrations assessed from liver cells of
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embryos during gestation and the bone marrow cells of adult
after partmirdtion showed more or less the same trend of
having much higher frequency of aberrations than that of
control which has been considered to be due to the
chromoscmal mutation induced in parental generation was
transmitted to F1 generation, It was envisaged that
possibly be some loci in chromosomes which normally control
the structural integrity of chromosome underwent mutational
changes and therefore, the presence of the factor prevented
the maintenance of the structural ingegrity unlike normal
state.

The assessment of the centromeric dissociation
and their non-random distribution in five groups of
chromosomes showing the same trend as found in parental
generation which indicated that chromosome belonging to
groups IV and V might have defective centromere as they
had more centromeric dissociation than in other groups.
The frequency was relatively more in the treated line than
that of control line. The study of the distribution of
chromatid breaks within and between chromosome revealed
that chromosomes belonging to group I was more susceptible
so also the distal region which supported the idea of
inherent weaker region present in chromosomes.,

In F1 generation the frequency of chromosome
aberrations at spermatogonial metaphases, diakinesis,
metaphase I, and metaphase II in the testes of 3 month
old males of different week mating line revealed that the
it was higher in treated line than that of control in each
weak end in each of melotic division stage. The frequencies
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of total aberrations of spermatogonial metaphase, in treated
versus control lines were 46.6% against 8.0% lst week,
50,87% against 10,81% in 2nd week, 41.33% against 12,76%

in 3rd week, 52,2% against 7.08% in the 4th week and the
average of all weeks taken together was 49,01% in treated
line against 8.54% in the control.

At diakinesis, the frequencies of aberration in
treated and control line Fy males were 25.0% against .8,0%
in 1st week, 44.28% against 9,05% in 2nd week, 34.28%
against 5.88% in 3rd week, 32.43% against 8,69% in 4th week
and all weeks taken together the average was 34,24% against
8,45% respectively,

At metaphase I the frequencies of chromosome
aberratlons in treated versus control wers 30,0% against 7.5%
in 1st week, 35.0%:?3‘4% in 2nd week, 42.0% against 2,0%
in 3rd week 38,25% against 6.8% in 4th week and in the
combined data of all weeks, it was 36,87% against 5.8%
regpectively,

At metaphase II the aberration frequencies in treated
versus control were 53,33% against 7.20% in lst week, 63,04%
against 17,34% in 2nd week, 58,82% against 6.24% in 3rd week,
39,0% against 12,11% in 4th week and in the combined data of
all weeks, the average frequency was 52,75% against 12,27%
respectively. The data were critically analysed and on
the whole, it has been generalised that the chromoscme
aberration frequency was much higher in treated line Fy
males than that of control in all stages of meiosis, It
was also found in bone marrow cells, Therefore chromosomes
of both somatic and germinal cells were affected more in
the treated line indicating the inheritance of the mutagenic
factor through chromosomal agency from treated male parent
to the F1 generation.
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Like the chromosome aberration study, the study
of sperm count from the epididymal suspension of sperms
revealed higher frequency of sperm depletion than that of
control and in the combined data of mean values obtained
from 25 trials of left and right side epididymal suspensions,
it was 6.66 against 22,26 in 1st week, 10,29 against 21.17
in 2nd week; 6.68 against 16,23 in 3rd week and 14.85 against
22,78 in 4th week indicating that the depletion in sperm
count in treated males was much higher than that of
control as found in parental generation. The contrinuation
of the higher depletion in sperm count in the treated line
F1 generation has been considered to be due to the inheritance
of the mutagenic factor affecting the sperm production.

The study of sperm with abnormal head morphology
in F1 treated line and control line males was found much
higher in frequency in the treated line than that of control,
The a¥erage fregquenciles in treated versus control line were
11.66% against 0,83% in 1st week, 13.58% against 2.5% in
2nd week, 10.33% against 0.66% in 3rd week, 17.62% against
1,08% in 4th week indicating that the trend of higher
frequency of sperm with abnormal head morphology was
continued in F, treated line like parental generation.
This has also been taken as a supportive evidence of the
inhéritance of mutagenic factor from the parental generation
to Fy generation in the treated line.

The study of the teratogenic effect was also attempted
on the living embryos collected while testing the lethal
effect and in some organs of the 3 month old F1 individuals
but higher percentage of sterility yielded the limited data.
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Out of only 68 living embryos cbtained from 13 F, treated
line mothers only 1 showed the rib abnormality while it

was totally absent in 131 embryos examined in control line.
Further out of 19-F, adults examined 3 were dwarf in size
and 8 had morphological changes in the brain, Further

the testes and uterus of the dwarf ;ndividualerere 111
developed; ©On the other hand, an examination of 35
individual of control line did not show any such teratogenic
effect,

: The histological study of testis, ovary and uterus
of 3 month old F, treated and control line individuals
revealed some structural differences in section of the testis
and ovary of the treated line Fy individuals like that
of individual treated with leg culture of Bs aeruginosa.

,On ‘the other hand the section of the testis and ovary of Fl
control 1ine had practically no difference from that of
normal structure, The histological structure of uterus of
control and treated line females showed no marked cnanges.

The mutagenic potentiality of the treatment of log
culture of Pseudomones in treated male parent was followed

to some extent in F generation and the results have been
- presented in Chapter III as summarized in the following 3

_ The data of the lethal test carried out by brother-
gsister mating of Fl treated line against control line were
very limited because not many individuals for mating were
available and in some week they were completely absent.
”Therefore, ne lethal testing was possible at 15 day gestation
and the very limited ‘data obteined after parturitien ylelded
only 1 pregnant female having 4 embryos all were alive in
1st week; S0 also the case of another mother of 4th week,
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The higher frequency of sterility developed in the F1
individuals prevented extension of the data. It was very
uncertain if there was any lethal effect in F, generation
because of the very meagre data though there was some
indication shown by the chromosome aberration study in Fz
individuals,

The study of the bone marrow chromosome aberration
in 4 F2 adults of 3 month o0ld of 2nd week treated line
yielded the frequency of 37,5% against 7,6% in the control
line, Similarly in the 4 F, individuals of the 4th week
treated line the average aberration freguency was 35.75%
against 8.5% in the control line which indicated that the
living implante carried the mutagenic factor transmitted
from the Fl parents,

The study of spermatogonial metaphase chromosome
aberrations in the testes of 2 individuals of the treated
lines and 3 of control line of 2nd week mating yielded in
spermatogonial metaphase 46.34% aberration against 11,.80%
in the control and in the 2 male individuals of 4th week
¢reated line and 3 individuals of control 1line, the average
frequency was 57.7% against 14.59%. In diakinesis the
average aberration frequency was 36.23% in the treated line
against 18,.94% in the 2nd week the control line and 40,57%
against 20,0% in the 4th week control line. In metaphase I
the average aberration frequency was 18,0% in the treated line
against 7.66% of 2nd week control line and in the 4th week
1t was 17.,0% in the treated line against 9,0% in the control
line, In metaphase II the average aberration frequency was
36.23% in the treated line against 18.94% in the 2nd week
control line and 40.57% in the treated line against 20,0%
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in the 4th week control line. Therefore, the frequency of
meiotic chromosome aberration in different stages of meiosis
was much higher than that of controls indicating that the
mutagenic factor was inherited from F1 to F2 generation.

The study of the sperm count in 2 males, each
of the 2nd week and 4th week treated line and 3 males each
in 2nd week and 4th week control line showed that it was
not very different between 2nd week treated and control lines
while in 4th week the mean frequency was 17.28 in the treated
line against 23.06 in the control line indiecating some
amount of sperm depletion in 4th week treated line,

The study of the freguency of sperm with abnormal
head morphology was found to be much higher than that of
control. In 2nd week line it was 9.83% in treated against
1.1% in the control line and in 4th week it was 5.50%
against 1.,50% in the control line indicating that the
mutagenic factor was inherited in F, generation which
caused the higher frequency of sperm with abnormal head
morphology in treated lins,’ -

The histological study of the testis and ovary of
the F, males and.females of the treated and control line
showed some amount of difference but it was not so glaring
as found in the parental generation and in F1 generation.

The results of the different studies of parental,
Fq and F2 generation have béen discussed in detail while
presenting the data and it has been concluded that the
treatment of log culture of P. aeruginosa in mice has shown
clastogenic, mutagenic and teratogenic effect which continued
to F2 generation assessed at presents
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The teratogenic effecé was presenéed specially 4in
Chapter IV, It was planned to study effect by injecting
the females with log culture of Pseudomonas after normal
mating and showing signs of pregnancy by the appearance of
the vaginal plug against control. The log~culture in treated
series and the nutrient broth in control series were
injected in the different sets of female mice showing vaginal
plug at an interval of 1 day, 2 day, 3 day, 4 day and S day.
The treatment of the log culture to all mated females 1
day and 2 day after the appearance of vaginal plug did not
have any sSign of implantation examined on 15th day after
injection. This has been assumed to be due to the effect
of the bacterial culture on the fertilized eggs which made
them inviable before reaching the uterus. The treatment
in 3rd, 4th and 5th day after observing the vaginal plug
had partial effect on the pre~implantation loss and few
of them got the chance of implantation but all were dead
except for three embryos, These 3 enphyos some way or the
other were deformed for the enlarged brain and loss of digit
in the fore-limbs. Therefore, it was assumed that the
teratogenic effect was high but the limitation of the data
did not allow us to make any positive claim.
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