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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 mutagens", introdxiced by 

Manna (1971, 1980a, 1982) becavise Viruses (Hamper and 

Ellison, 1961), Ricketsia (HalXka and Heinomen, 1968), 

Mj^oplasm (Paton et al,, 1965), bacteria (Manna and 

Bhowmic, 1969) and the fvmgus, Aspergillus fumiqatus (Manna 

and Patel, 1981) were shovm the chromosome breaking agents 

in treated or injected cells of animals. Customarily the 

mutagens were put xinder two categories as physical agents 

and chemical agents while the "genetic mutagen" discovered 

by Mc Cllntock (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. Ihe artificial induction of mutation with the 

help of ionizing radiations has very intensively been studied 



after the pioneering discovery made by Muller (1927) in 

DrosQphila, 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) v/ere discovered later. In the recent past v/e have 

reasonably been conscious about the environmental mutagens 

as the environmental pollutions are increasing in alarming 

rate as a result of \ise and abuse of atomic energy, large 

scale industrialization, agricultural practices, piiblic 

health measures, personal beautification, drug habit and 

so on. Mutagens present in oxir environment, according to 

the source, could be of nat\iral origin like cosmic rays. 

Ozone, mineral like asbestos, natviral gases etc, but the 

man made ones would out-n\imber them vThich 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, 1960; Kihlman, 1966; Vogel and Rohrborn, 1970; 

Sharma, 1981; Sharma,' 1984 . ' Catcheside, 1948; Sparrov;, 

1951; Hollaender, 1954; Muller, 1954a, b; Giles, 1954; 

Ray-Chaudhiari, 1961; Bacq and Alexander, 1961; Evans, 

1962; Î ea, 1962; Wolff, 1963; Savage, 1970; Bender et al., 

1974; Searle, 1974; Cattanach, 1982 etc*). Further because 

of the favourable chromosome number, 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 extensively 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 nuiriber 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^ Ihe 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 Man; Hollaender (1971a* b, 1973> 

1976^ 1978) - Chemical Mutagens, Principles and Methods for 

their Detection (Vols, l-S) t 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, 1980t>, 1982), 

Most of the mutagenicity testing methods have briefly 

been presented in the following » 

1. HostHtnediated assay j 

Ames (1970) has been credited to introduce the 

enteric bacterivim. Salmonella as a testing model for chemical 

mutagen in v/hich 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 "plastome" 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 t 

Some studies have been carried out on base damage 

repair of DNA, DNA cross-links, DNA^protein cross links 

which could be stimulated by DNA damaging agents. Painter 

(1982) opined that DNA repair in higher organisms mi^t 

induce chromosome breakage and sister chromatid exchange, 

4, Multiple loci methods t 

The method in mouse is quite useful but the economic 

considerations limit its applicability (Ehling, 1970). 

Anyhow, 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 

vjould not be seen if there was a mutation. 

Somatic chromosome aberrations : 

The bone-marrow cells as a means of testing clastogenlc 



agents is very well knovm (Datta et a3.»/1970; Manna, 1985), 

Other somatic tissues llJce spleen, thymus, lymph nodes, 

cornea etc. have also been used buti among all of them bone 

marrov/ has been fotond most ideal 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, 1970? Chu, 1970), Even the 

ascites txamor cells like bone marrow cells were deployed in 

mutation research (Adler, 1970) • The htaman peripheral 

blood lymphocyte culture for assaying the cytogenetic effect 

of environmental mutagens has usually been recommended 

(Buckton and Evans, 1982) because the testing would not 

be possible in JJQ 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 cells of grasshoppers or chromosomes of German 

cockroach, Blatella qermanica, mosquitoes, some blow flies> 

house flies etc, have also been used (Gaulden and Liang, 1982). 

Regenerating liver cells ) 

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 Qiosh, 1984). 

Flow cytometry t 

Chromosome aberration study induced by mutagens 

happenaatltô b.̂ lxthecrcdinmon practice but it has the limitation 



of finding adequate nxmber of dividing cells.all the time. 

Thus in recent years attempts'were made to develop computer 

oriented image analysis mechanism, Ihe machine was originally 

designed for karyotype reading but it became obsolete with 

the innovation of chromosome binding techniques. By the 

Joint efforts of physicists, biophysicists and engineers, the 

flow microfluorometer '.(FNP) was developed. The original 

name is now changed to flow cyt^ometry. It has the 

advantage of measuring large number of cells (10 )wiLthin in 

a few minutes, Ihat would enable statistical analysis of 

the data of cellular differences* Efforts have been made 

to use the machine 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, 

Prematiire chrorooisome condensation (PGC) : 

Ihe cell f\ision technique to study the regulation of 

cell progression throu^ the reproductive cycle x-ras developed 

by Rao and Johnson (1970). The fused mitotic cell witli 

syh^chronus population of Ĝ ,̂ S and G- stage v/ould lead to 

rapid condensation of the interphase chromatin into 

chromosomes v/hich 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" (Matsui 

et al,, 1972). The ability of mitotic cells to induce PCC 

of Interphase nucleus showed no specific barrier and cell 

fusion could be acconplished with a variety of fusogens like 

viruses (e.g. Sendai virus, Nex̂ rcastle disease viruses), 

Lysolecttin and Polyethylene glycol etc. Earlier worker 

could not envisage how thlsmhenomenon could be deployed in 

\y 



detecting environmental mutagens, but it is nov/ well 

understood. The study has uneven progress and the present 

statfs of knowledge has been reviewed by Hittelman (1982). 

Sister chromatid exchange (SCE) j 

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 

irapacb of mutagens and carcinogens on chrorraDSome* BrdU 

methodology for the detection of SCE has been revievred by 

Latt et aj., (1982) and he has listed a large nxmtoer 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 

behaviovir̂  l̂ ie SCE as a means of mutagenicity testing in 

plant material specially in Sicia 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 viz.the classic chromosome 

aberration study and the more recent sister chromatid 

exchange (SCE). The procedure for SCE staining is more 

cvmibersome 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 complementery 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 einbryos which 
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showed the possibility for studying SCE in the prenatal 

period.. 

Heritable translocation test : 

Though various types of chromosome aberrations could 

be Induced by different mutagens of vflilch the reciprocal 

translocation has been used in mammalian mutation research, 

Ihis v/as, however, found not to be associated with any 

phenotypic change. It was associated v/ith semi-sterility 

in both sexes, having small size of testes and multivalent 

meiotlc association, lethality etc. The progress has been 

efficiently reviewed by Cattanach (1982). 

Micronuclel test (MNT) 

MNT has been strongly advocated because of the rapidly 

and simplicity of the method. It has been advanced by Heddle 

{(^^^^191Z, 1981), Matter and Schmid (1971), Schmid (1973, 

1975a, b, 1976, 1982); Evans (1976) after it vraa originally 

discovered by Schroeder (1966, 1970). Micronuclel are 

supposed to be formed by the acentric fragment, dicentric 

or multicentric bridges, laggards, asymnetrical exchange etc. 

Ihey could be detected for few hours after the last mitosis. 

MNT has been found very helpful for assaying very large 

number of cells within a short time but the symmetrical 

exchanges and all form of chromosome aberrations xi/ould not 

be detected by this methods which could be done by the 

chromosome aberration study. 

Biochemical detection of altered DNA : 

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 raicrobiol 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 reviev/ed by Painter (1982), 

Teratogenic assay : 

It has been shown by Ehling (1970) that mutation 

might induce varioxxî  teratogenic defects of which the 

skeletal defoirmities induced by dominant mutation has been 

studied in more details. The dominant mutation associated in 

lethal effect in mice was studied by Grlineberg (1954). Besides 

the mutagenic hazards, the teratogenic effect of ionizing 

radiations during development is well-Joiown in various 

laboratory mammals like rats,- mice and even in man. The 

teratogenic effects have been reviewed by Hick's 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 

vfhen nxamerous cases of congenital malformation in the 

offspring were reported v^ose mothers used the drug. Beside 

thalidomide, other drugs which have been found to be 

associated with congenital malformation ocfee 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 nuiriber of 

congenital malformation and other birth defects are due to 
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increase of drug habit and use of chemicals in hximan society. 

Besides the study of the clastogenic,- 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 

different laboratory mammals like rats, mics, rabbit, 

hamster etc. with respect to their teratogenic effects and 

in most cases the results were positive (See Roy, 1982). 

Ttie effects were seen in different organs at different 

stages of developit^nt of the embryos.. The teratogenic effect 

of antibiotics has also been studied in birds. The 

antibiotics used v;ere Olivomycin (Klimova, 1912),, Phleomycin 

(Lee et al., 1972)* Actinomycin-D (Ciiry and Montenegro, 

1969), Mitomycin-C (Singh and Sin^, 1976) etc. 

The teratogenic, effects of Azo Dyes have been reviewed 

by Beck and Lloyd (1966), Trypan blue an azo compound fovind 

to be potent teratogenic agent causing congenital anomalies 

in Rodent vrtien injected in critical time. Similar effect 

vjas also found in chick. Even it was found in medaka fish, 

Oryzias latipes (Briggs and Wilson, 1959), though the 

effect on cold blooded vertebrate? has not extensively 

been studied. 

Besides the tumoragenic and mutagenic effects of 

viruses, their teratogenic effects have also been reported 

by several workers (Greenber'g et al., 1957; Holowach et al., 

1957; Hill et ali, 1958; Manson et al., 1960; Potter, 1961; 

Corston and Mlrchandani, 1964). Brown (1966) reviev/ed the 

viral aetiology of congenital anomalies associated with 

rubella, influenza, cytome'galo, hepatitis, coxsackie, 

poliomylitis, ECHO mximps, 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 r\d3ella 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 irregularity diiring 

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. 

Effectg 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 sperroatogenic 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 oocytes and 

they have now been \ised in cytogenetlcal assay of mutagens. 

It is known that females at .birth are endowed with the 

complete set of oocytes and the last oogonlal cell division 

occturs sometimes before the birth. The stage at 'vrtiich 

oocytes remain at birth except rat and mouse is known as 

diffuse diplotene, Payne and Jones (1975) developed the 

file:///ised
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technique of mass isolation and culture of mammalian ova. 

By this technique the cytogenetic effects o:̂  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 

Oells and oocytes in mutagenicity testing is equally 

important, Ruhlmann (1970) discussed the problem, Ihe 

process of oogenesis in mice taking as a model,, he 

recognized three major stages along with timing J (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 J 

Dominant lethal test has specially been elaborated 

in mice by Rohrborn (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 oT (ii) Post-

inplantation loss (Rohrborn, 1970). Ihe detection of 

post-implantation loss is relatively simple which is 

generally assessed at late period of gestation by exposing 

the^uterus of pregnant mother. Ihe dead embryos leave a 

scar mark vjhile the living ones show buldges. Scares 

(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 weaning period of the litters. 

However, the term 'dominant lethal' appeared to be misnomer 
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because the effect could be followed in F^ generation as 

well (Patel^ 1982; Roy, 1982; Banerjee^ 1982). 

Sperm head abnormalities 

It is claimed that the head morphology of sperms is 

\inder genetic control (V^obek et al,, 1975^ 1976; Vlyrdbok, 

1979). It has been shown by different v/orkers that frequency 

of sperms with abnormal head morphology was Inpreased in 

epididymal sample of mutagen treated male mice than that of 

control »• 

Chromosome aberration in P- and F2 generation s 

Beside the heritable translocation referred to 

before, it was found by Manna and his collaborators 

(Roy, 1982; Patel, 1982; Banerjee, 1982)the ocĉ r̂rence of 

yarious types of chromosome aberrations in embryos and 

adults of F and F- generation of mutagen treated lines. 

Ihis has been explained due to the transmitation of 

mutagenic factor from parent to follov/lng generations 

through some mutated loci of chromosome and the said loci 

were supposed to control in normal conditions the structtaral 

intrigrity of chromosome (Manna, 1984). However, similar 

studies were not carried out in other laboratories. 

Perhaps it x«/as thought that the mutation induced by the 

testing agent was 'dominant lethal'. 

Drosophila list 

Drosophila has been found, to be a good genotoxic 

material I'Jhich has been reviewed by Vogel and Sobels (1976). 

It provides the advantage for the study in gene mutation 

and chromosome aberrations (Sobels, 1974). 

file:///inder
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Ihough 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 i 

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 structioral 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 oxxr 

present scope and efficient reviews have been made time to 

time (Lea, 1962; Bacq and Alexander, 1961? Evans, 1962). 

Effect of chemical agents ? 

Ihe progress in the field of chemical mutagenesis 

is not only very exhaustive like that of radiations but also 

more varied and innumerable htimber 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, 1953? Eigsti and 

Dustin, 1955; Biesele, 1958; Sharma and Sharma, 1960; 

Vinson, 1960; Preese, 1963; Von Rosen, 1964T Kihlman, 1966f 
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Auerbach, 1967? Manna, 1969, 1971; Vogel and Rohrborn, 

1970; Pishbein et ali, 1970; Hollaender, 1971a, b, 1973, 

1976; Hollaender and de Serres, 1978; Sharma, A.K., 1981; 

Hsu, 1982; Sharma, A., 1984). Tihere has been several 

attempts to put the chemical mutagens according to their 

chemical properties anc/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 

poisons; 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, 

(ii) chromosome poison, (ill) metaphase and later stages 

poison; Sharma and Sharroa (1960) as special drugs, 

antibiotics, plant product; plant homranes, vitamins, growth 

regulators and organic compoxmds, inorganic salts, metals 

and gases; Wilson (1965) as (i) prophase poison, (ii) spindle 

poison, (iii) mitotic inhibitors, (iv) chromosome breaking 

effects; JEtihlman (1966) as (i) DNA precursors and related 

compounds, (ii) Antibiotics, (iii) 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 covintries for their detection and 

management. The environmental mutagens have been put under 

various categories basing on some parameter, Bbrthelmess 

(1970) put the chemical compovacids in hijman environmental 
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sources as (i) medical drugs, (11) stimulants, (iii) food, 

(iv) dyes, (v) cosmetics, (vi) pesticides and (yii,) 

veterinary drugs 4 Sharma (1981,) discx:issed the sources as 

natural and man-̂ nade 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 qualitative 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 chen«3sensit"ivity 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;(C) 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 a 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, 

Hovjever, the progress is vejcy 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 

varioxis microbes have bs?iefly been reviewed in following J 

Effect of viruses s Ihe 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 

biosynthetic 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 

shoxm that sarcoma in fowl could be induced by the viral 

agents by Rous (1910, 1911). Since then virus induced 

tumor has been reported in different vertebrates organisms 

including man. However besides beguin tximor the malignant 

tumor in man of viral origin has not 3^t been reported (see 

Brachet, 1954). It was also claimed that the interferon 

of the viral agent possibly indxres the structural changes 

of the salivary gland chromosomes of the Dipteran species -

RhvncosciTara angelae (Diaz and Pavan, 1965; Pavan and 

Basile, 1965). 2he occurrence of pycnotic nuclei at 

Pachytene in the germ cells of leaf-hopper, Idiocerus was 



18 

suspected to be due 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, 1965? Bartsch, 1970? Manna# 1973, 1980, 1982). Soon 

after the discovery of the clastogenic effect made by 

Hamper and Ellison (1961), Nichols.and his collaborators 

carried out a series of studies on different aspects of 

virxis induced chromosome aberrations (Nicholsi 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 virxises and some nucleic 

acid components. He (Nichols, 1978) also studied the 

genetic effect of virus transformation. Good many other 

worlcers have also studied the chrorrosome aberrations indired 

by different viruses, their vaccine and so on which have 

been briefly svimmarized hereunder. 

According to Zinsser Microbiology (Jolclik and 

Willett, 1976), animal viruses are grouped into A) DNA 

containing viruses comprising six major families » 

i) Poxviridae 

±i) Herpesviridae 

ill) Adenoviridae 

iv) Papovaviridae 

v) Iridoviridae 

vi) Parvoviridae 
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Of which the chromosome breaking effects of Irido- and 

Parvo vinises have not been reported, and B) RNA containing 

virxises comprising ten major families : 

i) Picornaviridae 

ii) Togaviridae 

iii) Reoviridae 

iv) Orthomyxoviridae 

v) Paramyxoviridae 

vi) Rhabdoviridae 

vii) Retraviridae 

viii) Bunyaviridae 

ix) Arenaviridae 

x) Coronaviridae 

of which viruses belonging to last three families, 

Bimyaviridae, Arenaviridae and Coronaviridae have not been 

reported for their chromosome breaking property* 

A. Effect of DHA viruses s 

Proxiviridae : 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 virxises. The effect 

of viruses and their vaccines on chromosome was also studied 

in viyo bone marrow cells of mice (Barinsky and Dementiev, 

19S8J Michaylova and Gorsunova, 1969a, b, 1975, 1979), 

in cultured kidney cells of monkey (Boiron et al,, 1966), 

embryonic cells of bat (Huang, 1967), and Chinese hamster 

(Mazzone and Yerganian, 1963), cultured cells of man (Aya 

et al., 1967; Miles and O'Neill, 1969; O'Neill and Rapp, 
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1971), HeLa cells and HEP^2 cells (Sablina and Bocarov, 1968). 

The chicken pox virxis induced predominantly break type 

chromosome aberrations in patients and in culture hvrnian 

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

Renda, 1968), but Hamden (1964) did not find substantial 

amoTont of increase in chromosome aberrations. 

Herpesviridae s Besides the original studies of 

the chromosome aberration induced by Herpes simplex virus 

by Hampei'and Ellison (1961^ 1963), other workers showed 

that the breaks vjere somewhat localized and nonrandom 

in occurrence (Huang, 1967; Stich et al,, 1964a, b). The 

G2 phase of the host cell x̂Tas" foxond 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 virxiS (Huang,, 1971) • 

Adenoviridae t The adanoviruses, the causative 

agents for respiratory trouble, tumorus changes etc. 

(Yerganian et al», 1965; 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 rfevealed that the 

aberrations were of similar natxure and somewhat localized. 

Dolimpo et al. (1968) added that some of the viruses als6 

indir;ed nximerical changes in chromosomes. The breaks 

jLnduced by Adenotype-2 were of chromatid type, localised 

and nonrandomly distributed (Huang> 1967; Zurlfausen, 1967)', 

though some metaphase plates we're also grossly affected. 
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Papovaviridae : They include tumor formiijg DNA 

viruses. Both structural and numerical changes was 

observed in mammalian chromosomes papillome-shope virus 

vjas infected. Polyoma virus induced structural changes 

in chromosomes of embryonic cells of hamster after 

neoplastic transformation (Dulbecco, 1965? Vogt and 

DuUBecco, 1963), Chromosome aberration was reported in 

human diploid cells (Chumakov et al., 1964; Moorhead 

and Saksela, 1965) and in the bovine lung fibroblast 

culttire (Ponten and Lithner^ 1966) Wien 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 Aarmeiiian Hamster 

and Lehman and Defendi (1970) in Chinese hamster observed 

the chromosome aberrations induced by SV 40 virus. The 

breaks were chromatid type and non-randomly distributed 

between and within chromosomes in both h\aman and hamster 

cells (Weinstein and Moorhead, 1965/ Yerganian, 1966). 

B, Effect of RNA viruses : 

Picroviridae j Poliomyelitis viruses of man and 

monkey were found to induce break and gross type chromosome 

aberrations after infection with type-1 (Bartsch et al., 

1967) but the infection with type-3 failed to induce the 

specific form of chromosome aberration (Aula and Nichols, 

1968). Mice immixnised by poliovaccine $ype-2 contained 

chrorrosome aberration in the form of breaks, constriction, 

heteroploidy, pulverization, pycnosis etc, (Michaylova 

and Gorsunova, 1969), Further, infection with Columbia 

S,K, virus induced both breaks, constriction and 

heteroploidy in cell cultiare (Nachtigal et al,, 1966). 
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Togaviridae : Arboviruses and r\ibella viruses 

belonging to Togaviridae were reported to induce chromosome 

aberrations by different v/orkers, Ihe flavirus, the 

mosquito-bome yellow fever vir\is v/as found to induce 

chromosome aberration in mice (Barinsky and Dementiev, 

1968) and in man (Hamden, 1964), Even the vaccination 

against yellow fever virus indtoced various types of 

chromosome aberrations in some individual (Hamden, 1964), 

The tick borne encephalities virus of arbo group induced 

heteroploid changes but the effect of individual chromosome 

stjTucture ̂ âs negligible in human cell strain and in BHK-21 

cells (Tolstova et al,, 1966). 

Paramycoviridae : In this family^ Sherma 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-1 and 

3, newcastle disease virus, mxmrps 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), Ihe pulverization 

effect induced by parainfluenza virus (Sendai) îras seen in 

human chromosomes (Salkinder and Gear, 1964; Aula and ' 

Saksela, 1966; Kato and Sandberg, 1968a, b; Stenraan and 

Saksela, 1969) and in chromosome of kidney cells of rabbit. 

It v;as reported before the genomic changes induced by 

parainfluenza virus (Homma et al., 1968), The infection 

of newcastle disease viriis of chick to Helia cells and 

normal human cells (Canteli et al,, 1966; Szanto et al,, 

1̂ 6"̂ ) induced chronKDsomal pulverization and heteroploidy. 

Patients infected with miimps and measles showed various 
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types of structural change's in chromosomes (Renda, 1968; 

Aula, 1965). 

Rhabdoviridae j The infection with rabbles virus 

induced diffuse type chromosome aberration (Mechajlova and 

Gorsunova, 1969) amd there was no localized breaks 

(Warquez-Monter et al., 1967), The diploid cell strain 

infected with this group of viruses was also shown to have 

chromosome breaking effects (Libikova and Motajova, 1967), 

The chromosome breaking effect induced by ri±>ella has been 

studied in httman cell by different workers (Boue et al., 

1964> Chang et al,, 1966? Kuroki et al., 1966). It was also 

studL ed for teratogenic effects (vide infra). 

Reoviridae : Ihe acute and chronically infected 

cultxired cells with reoviruses induced both breaks in 

chromosome and heteroploidy (Nachtigal et al., 1966). ThQ 

neonetal mice infected with reovirus type~3 Induced 

heteroploid change of chromosome number (Keast, 1966), 

Orthomyxoviridae : The hioman influenza virus did 

not induce marked chromosome breakages when strain A (PR-8) 

was introduced to the human embryonic lung cultxire 

(Gavrilov et al,, 196,5), in human diploid cell. line. 

Retroviridae t ' The oncogneic RNA vlriises of this 

family causing tumors in chick, mice etc* w^re found also 

to be the potential chromosome breaking agent by different 

workers as it was reported for several strains of Rouse 

Sarcoma virxis (Ahlstrbmet 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 cultxired cells of monlcey treated 

vjith Moloney virus induced transformation of cell but very 

little structural changes in chromosomes (Boiron et al,, 

1966). 

Hlscellaneous group } Hepatitis virxis because of 

their indefinite nucleic acid constitution has been put 

into the miscellaneous group (Joklik and Willet, 1976). 

Ihey were found to induce chromosome aberrations by different 

v;orlcers. The leucocyte cultxore of patients suffering from 

acute hepatitis contained chromosome aberration in the form 

of structural changes, pulverization and genome modificiation 

(Aya and Makino, 1966? El-Alfi et al., 1965; Kerkis et al., 

1967). Various types bf chromosome aberrations were foxrnd 

in bone marrow of mice due to the hepatoencephalotrophic 

viral infection (Barinsky and Dementiev, 1968). In other 

mammals chromosome breaks and mitotic suppression were 

noticed for the infection of hepatitis viirus (Mella and 

Lang, 1967; Yoshida et al,, 1967? Matsaniotis et al., 1968). 

Some v;orkers found v4rious types of chromosome aberrations 

in vivo cultured cells of dog infected with canine 

hepatitis virxas. 

The clastogenic property of viruses belonging to 

different groups referred to above is beyond any doubt. The 

aberration induced by virizses 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 sJLmilar 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, 

Ihe precise mechanism of virus induced chromosome 

aberrations is yet to be found out, ZurWausen (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 v/orkers 

(Nichols et al,, 1964; Cohen 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 v/as more attractive because virus induced 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 numerical 

changes (Bartsch, 1970). Nichols (1978) advocated that the 

genetic effect of the transforming viruses in the infected 

cell mi^t 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 dLnduced 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 (l978b)'» Anyhow, the mutagenic potentiality 

of viruses needed be established by more works. * 
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Effect of Rickettsia : 

Rickettsiales are simple, obligate intracellular 

parasites and exceptional'condition they can grow in'cell 

free nutrient broth containing body fluid, according to 

Cr\iickshank (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 hxaman history in Prague and London (see 

Joklik and Willett, 1976), The Rickettsia, the causative 

agent for scarlet fever were discovereia by Dr. Howard ' 

Ricketts. Three genera (i) Rickettsia, (ii) Rochalima and' 

(iii) Cosiiella belonged Rickettsiales. They are 

• pleoiTKDrphic rod-shaped coccoid organisms, measuring 

0,3-»0.8 xO.6 miu. In ultrastructure and chemical 

composition,, they show resemblances to gram positive 

bacteria. Unlike virxises, they possess both DNA and RWa 

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 cluinping 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 xinexplored. 
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Effect of Bacteria and Fungi s 

It is well laiown that the fxingi 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 o\ir 

relating to cytogenetics effect of the bacterium P, 

aeruginosa, the subject matter of the thesis. 

Effect of Fungal agent and Fungus : 

Ihe Classification of fungi 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. 

Piingi imperfecti, Basidiomycetes, Ascomycetes and 

Phycomycetes,, the Fungi imperfecti have characteristically 

no sexual stage and consist mainly the pathogenic moulds, 

yeasts, yeast-like fungi and dinorphic fungi. It was placed 

In between bacteria and fungi proper. So far as the present 

author is aware no mutagenic property of species belonging 

to Ptongi imperfecti applying various mutagenicity testing 

methods has been carried out. The family Moniliaceae 

belonging to Ftmgi Imperfecti contained some highly 

pathogenitic genera like Aspergillus and Penicillium. 

The mutagenic effect of genicillixmi itself though not 

tested directly, its toxin and the antibiotic penicillin 

have been foxind to produce clastogenic effect in treated 

mice (Manna and Bardhan, 1973b). Among about 160 species of 

Aspergillus recognised (Raper and Pejinel, 1965), A, fumigatus^ 

^« flavus, A. parasiticus, A. condidus. A, ochracious etc. 

are hirnian pathogenic forms. Aspergillus contamination 

degrades food material (Thom and Raper, 1945; Park and 
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Park, 1977).' The metabolites produced by them are known 

collectively as mycotoxins like aflatoxins, rubratoxins, 

ochratoxins etc. Among them aflatoxins (produced by 

Aspergillus and 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 Pahmy, 1978) etc, 

•nie chromosome breaking properties of aflatoxins 

in hxjman (Dolimpo et al,, 1968), hamster (Korte et al,, 

1979) rat (Kuroki et al,, 1979) and rat-kangeroo cells 

(Green et al.̂ , 1967) have also been foxind positive. 

Beside aflatoxins the chromosome breaking properties of 

other mycotoxins like ci'trinin on rat, Chineae hamster cells 

and man (Ihust and Kheist, 1979) and patulin on bone marrow 

of Chinese hamster (Kbrte, 1980) were found also positive. 

The treatment of aflatoxin B. in male mouse induced 

heritable chromosomal changes in P^ (Leonard et al., 1975) 

while in rats micro-doses had no affect on sperm coxint and 

sperm head morphology (Egbunike, 1979). Among mycotoxins 

the relative efficiency of clastogenlc property raas more 

for patulin than aflatoxins and the order V7as PA> AFB^> 

AFG^ (Kbrte, 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-chromosome were found 

more sensitive (Green et al,, 1967). Ihe chromosome breaking 

effects of aflatoxins in root tip cells of Vicla faba 
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(Lilly, 1965), onion (Reiss, 1971) etc. were foijnd 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 raycotoxins, specially the Aflatoxin B^ referred to before 

they also produced teratogenic effects, Aflatoxin B. when 

added to cultvure 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 

(Aieksandrowicz et al.,, 1975). Teratogenic effects in 

rats was also noticed of f(bkr the treatment of Ochratoxin A 

(Brown et al,, 1976). Therefore, among various mycotoxins, 

the aflatoxin B- was shown more clearly to have mitogenic, 

clastogenic, mutagenic, carcinogenic and teratogenic 

properties. 

Ihe carcinogenic property of aflatoxins have widely 

been tested. A, flavus can liberate aflatoxin and aflatren, 

3he later, when treated to mice caused behavioxiral changes 

(Gallagher and Wilson,, 1979), Some species like A, niqer, 

A, qlaucus, A, flavus etc. vrere also found to produce 

various antibiotics and mycotoxins (Jacobs and Gerstein, 

1960). Similarly.antibiotics produced from Penicillium are 

citrinin, patulin, Ochratoxin, sterigmatocystin, r\A>ratoxin, 

sinigrin, aflatren, territrem A and B, funitremergen A, B, 

C, D etc, of v/hich patulin from yeniciIlium patulxim, 

Citrinin from P, citrinxim and Ochratoxin from A, ochracious 

deemed to have mutagenic property. 
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Though a number of fxmgal toxins were found to 

induce cytogenetic effects in 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 fxanjgatus 

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, fiimigatus tested of chicks 

and laboratory mammals was found to be nevirotoxic, 

hematoxic and histotoxic effects (Henrici, 1939). From 

the cultxire of A. fumigatus, antibiotic siibstances like 

f\jmigacin (Waksman et al,, 1943), fumagillin (Hoiison and 

Edle, 1954), fumigatin (Oxford, 1942), gliotoxin (Jacobs 

and Gerstein, 1960), etc, were isolated. However, the 

chromosome breaking effect of the crude extracts of the 

mycelium or of the antibiotic agent of A.' fvimigatus 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 t 

The isolated spores of A, ftmtigatus after 

intraperitoneal injection to mice induceci higher frequency 

of various types of chromosome aberrations assessed at 18 

intervals between 5 min'and 90'days v;hich were in the form 

of svib-chromatid, chromatid and rarely isoA<:hromatid 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, hov/ever induced lovjer 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 cplls of treated specimens 

against control. The treatment of spores showed in the 

male epididymal suspension significant depletion in' sperm 

couoat and higher frequency of sperms vjith abnormal head 

morphology. The mutagenic properties of spores of A. 

fumigatus in treated mice was established by the study of 

the lethal effect in F̂  generation evaluated at 15 day of 

gestation and after part\irition by mating spore injected 

male parent to separate sets of 3 virgin females each week 

for 5 v;ee}cs. The mutagenic index v;as significantly high in 

treated series than control. Further, the chromosome 

aberration study in liver and spleen cells of P- errbryos of 

15 day gestation and in bone marrov; of F^ individuals of 

different age revealed various type of abnormalities like 

their treated male parent but none of the abeirration v;as 

specifically heritable one like heritable reciprocal 

translocation found by others for treating chemical and 

physical agents (Cattanach, 1982), Even in Fg 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 (Kundii, 1983; Kundu and Manna* 

1984a, b, 1985, lanpublished) and A, flavus (Chakrabarti and 

Manna, 1984, 1985 and unpxjblished) in mouse systems 

appeared also to be mutagenic revealed by different tests 

the study of which is in progress. Thus fxingi 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., Ihey may grow 

and attach to one another in cluster, chain, rods, filament 

While higher bacteria - Actinoraycetles form a mycelixom. 

Bacteria and blue green algae are prokaryotic (Pro=primitive, 

karyote = nucleus) cells, having no nuclear membrane While 

the naked ©NA or the chromosome (genophore) is not 

associated x̂rith basic protein but v;ith a semi-rigid cell 

wail w£ tmigue conposition. The size of the cell ranged 

betv/een 0*4-1.5 micron in diameter and in many form the 

rigid cell wall gives them the characteristic 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 spirilxam 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 (Crxiickshank, 1970). 

According to Cruickshank (1970), bacteria, class -

schizomycetes comprise five order as (1) Actinomycetales, 

(2) Kycoplasmatales, (3) Spirochaetales, (4) Eubacteriales 

and (5) Pseudomonadales. 

The chromosome aberrations induced species belong to 

Actinomycetales considered as fungus by some workers for 

forming mycelium.and possessing special cell for 

reproduction have not been reported but a nximber of 

antibiotics isolated from them showed the chromosome 

.breaking properties when tested in plant and animals 

(Wilson, 1960? Gebhart, 1970; Manna, 1980b, 1981b). 



33 

Spirochaetales : 

Spirochaetes are either pathogenic or commensalic-

forms, having slender flexuous spirals of 4-16 u in length 

and 0,1-0.6 /u thick. So far as the present author is av/are 

the chromosome breaking properties of spirochaetels or their 

products have not been tested on any higher organisms. 

Mycoplasmatales t 

Mycoplasma (Pleuro-pneuraonia-like or P&LO) are 

prokaryotes and placed in the next higher category of viruses. 

Iheir sizes ranged betv/een 0,5-1,0 /u 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 structxire 

is similar to that of bacteria (Joklik and Willett, 1976), 

It can act as the cavisative agent for hviman atypical 

pneumonia. Ihe 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 cultxired human cells Infected 

with mycoplasma, Macfherson (1966) studied the chromosome 

damages in cultiired 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 tjrpe chromosomal effects. Kinds in 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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cel l s (Levine et a l . , 1968). 

> 

Like the effect of rickettsia, the mycoplasma 

induced chfQmOi§ome damages in the form of laggard, 

acentric fragment, stickiness, translocation, inversion, 

aneuploidy, polyploidy, cytoplasmic budding without 

chromosome and so on v;ere reported in the male germinal 

cells of the water-^ug* Nepa and a gryllld, Achela (Halkka 

and Heinonen, 1968) • Hov/ever, there was some doubt about 

the identification o,f the parasite. Anyhow, there was 

little doubt about the clastogenic potentiality of 

mycoplasma because it has been observed by different 

workers and in different materials while their mutagenic 

property is yet to be establishedi 

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 damage4 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 mechanism might be involved. 

,E\3bacterlales s 

Nine families xinder this order have beep recognized 

of vjhich 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 f ami lies, v̂ '̂ ĵ  foiaid to show some chromosome 
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breaWLng activity carried out toy Manna and his collaborators • 

Corvnobacterlaceae i 

So chromosome brealdng activity induced by any 

species in this family has been reported but the treatment 

of the cultxare of Corvnobacterium diPhtherlae to cultiured 

mammalian cell yielded notable cytotoxic effects between 

24 and 96 hr, but similar treatment of C^ pseudodlphtheriae 

failed to show any notable changes upto 7 days 

(HolowiecKa and Donuata, 1969). On the other hand. Manna 

and his collaborators (Manna, 1980; Das, 1976) observed 

brealc, acentric fragment* gap and even translocation, 

pulverization/ stickiness etc, in chromosomes of bone 

marrow cells of mice Injected with diphtheria toxin, ^ e 

treatment of TABC vaccine Into mice also yielded higher 

frequency of chromosome aberrations than that of control. 

Mlcrococcaceae % 

Out of 4 genera in this family the chromosome breaking 

activities and mutagenic properties of Staphylococcup. aureus in 

estperimential mice have ellaborately sttaaied by Manna and 

his collaborators (see Manna, 1971, 1973, 1980, 1982> 1985; 

Manna and Bhowmlck, 1969; Manna and Chakrabarti, 1970, 

1975; Chakrabortl, 1974; Hasara, 1980/ Hazara and Manna, 1980, 

1981; Manna and Hazra, 1981; Manna and Qiosh, 1984, 

unpublished; Ghosh, 1985) tising log culture. Isolated 

bacteria suspended in saline, culture filtrate and heat* 

killed samples of the bacterium. This species is a cpram* 

positive cocci, grows in clusters and -acts as the catisatlve 

agent for superficial inflamatory lesions with pus 

formation. The studies carried out by Manna and his 

Collaborators in mice (lit. cit.) showed positive clastogenic 

and mutagenic effects against controls for t (l) The 
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chromosome aberrations in bone marrow cells fixed at 

different intervals between 5 min and few ̂ ays, 

(ii) nonrandom distribution of breaks within and between 

chromosomes, (lii) 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 P- generations in 15 

day old erabiryos and advilts of different age, (xi) lethal 

test in P2 generation against relevant 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 £.i 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, 19827 Manna and Goswami xmpublished; 

Goswami and Manna, 1982/ CSosv/ami, 1985) using different 

mutagenicity testing methods, the mutagenic potentiality 

o^ 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 ^. 

lutea staspended in saline, log cultxure filtrate and heat 

killed bacterial suspenslont (b) the aberration frequency 
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in the chromosome of different stages of meiosls in testes 

cells was also higher than that of control, (c) MNT was 

positive and showed itKjre 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 lo\jer than those 

of the controls (f) the frequency &£ 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 

P^ brother and sister of seven week treated lines revealed 

also higher frequency of lethals assessed on 16th day of 

gestation and after partxurition in F- generation than that 

of control and so on,-

Neisseri^aceae : 

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 marrow^mice treated with 

log cultiire sample of Neisseria meningitidis had higher 

frequency of chromosome aberrations assessed after a few 

minute to a few ho\irs of treatment. However, the treated 

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

frequency of chromosome aberration v/as reduced when the 

bacterial sart̂ le treated mice v;ere injected with penicillin. 
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No lethal test could be conducted as the treated specimens 

died shortly. 

Lactobacillaceae : 

In this family among 3 genera, Diplococcus/ Streptococcus, 

Peptostreptococcus and Lactobacillxis only tvxo species 

S. pjvoqenes and S, faecalis were tested for their 

cytogenetic effects in the treated mice (Manna and Gupta, 

1977), Ihe intraperitoneal injection of log culture, 

isolated bacteria in saline suspension,, culture filtrate 

of ̂ <» pyogenes and £, 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 £• faecales» In both the cases the treated 

mice did not survive beyond 12 hr for which other mutagenicity 

testing ̂ îas not possible. It was also seen that the 

frequency of aberration either in £. faecales or in S, 

pyogenes treated mice was greatly reduced when penicillin 

vms injected to them. 

Bacillaceae t 

In this family the .clastogenic effects have not been 

tested in mice after treating log cultxire of any species 

of the t'v7o genera Bacillus and Clostrodi\im« However, the 

injection of the tetanus toxin was.fovmd to induce good 

amoiint of bone marrow chromosome aberrations in the treated 

mice (see Maiinâ  I980a;l>as, 1976). 
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Enterobacteriaceae : 

In this family among 8 genera, the chromosome 

breaking effects of Salmonella typhi and paratyphi and 

of Klebsiella pne\3moniae 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, cultxore filtrate, 

and isolated bacteria in saline suspension of K. pneumoniae 

into mice also induced some amount of chromosome aberrations 

but the frequency was not very high as compared to that of 

control, iftilike other bacterial species^ the treatment was 

not very toxic for v*iich 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 frequency uZl~^} in treated series 

than control (Manna and Qupta, 1977; Gupta, 1976). There 

was also a reduction of the frequency of chromosomes 

aberration when penicillin was injected into the K, 

pnexjmoniae treated mice. 

Aaotobactericeae : 

Postgate (1982) put Xantobacter autrotopriccus in 

this family. The culture of this nitrogen fixing bacterium 
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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, autretopiccus could act as a 

potential mutagen to mice system* 

Pseudomonadales i 

Under this order 2 families Spirillaceae and 

Pseudomonadaceae are included (Cruickshank, 1970)-. • 

Spirillaceae t 

In this family 2 genera Vilprio and Spirillxim are 

included Ĉ^ ~J but the higher chromosome breaking potency 

of t-he cholera toxin and vaccine has only been studied in 

treated mice (Manna, 1980; Das, 1976). 

Pseudoinonadaceae t 

Pseudomonas aeruginosa is the bacterial species 

which has been studied by the present author to shov; its 

clastogenic, mutagenic and teratogenic potentiality in mice 

systems by different methods «• More' than 140 species belonging 

to the genxis Pseudonypnas 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 

jpresent in small number in normal intenstinal flora of man 
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and animals. They can also be found on skin of healthy man 

and could be isolated from sewage. Ihe other species are 

generally saprophytic in nature living in water and in soil. 

Ihey are also pathogenic to plants and less corranonly to 

animals^ P* aeruginosa is a gram' negative non-sporing 

bacillus measitf"ing 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 solvible pigment 

'pyocyanin' but there are however, some strain difference 

with regard to the pigment producing capSiCity^ The strain 

differences vjere detected by serologic typing* phage typing 

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

cell-wall is similar to that of Enterobacteriaceae. They 

are very adaptive and can utilise over 80 different organic 

compo\inds for grot̂ Tth, Though anaerobi(̂ /in ̂habit but can 

utilise nitrate as an electron acceptor Icruickshank, 1970). 

Certain biological activity of the extracellular slime 

glycolipoprotein of P. aeruginosa even after pruification 

and enzymatic treatment, could be retained (Sensakovic gMTks<̂ ua\e-

/ ) 1975). Th& role of Pseudomonas in plant diseases was 

also observed by Paton (I960). The germination* growth and 

production of the plant was foxind to be inhibited possibly 

by the production of the antibiotic* Pyocyanin (Brathwaite 

et al.* 1982), Olie antifiingal activity of fluorescent 

pigment produced by the species has been shown by Misaghi 

et al. (1981). 

The common of infection of Psetidomonas in man is seen 

at the sites of burns and wound* ,in corneal tissue* virinary 

tract* malignant tissue etc. liongs* (Eykyn* 1985? 

Cruickshank* 1970). The subcutaneous infection of 

P. aeruginosa in rabbits* guineapig and mice might produce 
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fever and local abscess* The major problem of antibiotic 

therapy for the treatment of P, aeruginosa infection has 

been discussed recently by Eyicyn (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 foiind to be tumoxirogenic 

agent in the fish^ climbing perch (Aiaabas) as the 

epithelial carcinoma was developed due,to the mixed 

infection of P. fluorescens and Micrococcus variance 

(Pal and Pal, 1984; Pal et al., 1978). On the other 

hand P. aeruginosa was claJLmed to have tumour inducing 

properties in mice (Gaydos et ali* 1976). 

Ttie mechanism by which P« aeruginosa produces 

diseases in man̂ *̂8r̂ l«>̂ ponsideredi A nxjmber of enzymes and 

toxins including endotoxins in addition to the slime 

seemed to produce pathological effects It is suggested 

that two types of proteases produced by Pi .aeruginosa 

could be respbnsible for haemorrhagic skin lesion and eye 

infection.- They might cause destruction of tissue. The 

phospholypase and the glycolipid have been fovmd to 

produce haemolysln* Three exotoxins. A, B, C v/hich 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 skin4 

The'toxin produced by P. aeruginosa is not heat labile and 

itt. can withstand the temperature over 100*̂ 0, Pyroverdine> 

the iron-binding fluorescent pigment of £; 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 P. 

aeruginosa» The relationship between mutated amidasis 

and hydroxy\irea has been studied (Brown et al», 1979). 

However, very little work was done at the cytological 

level outside oxir laboratory, Scharmann, Jacob and 

Porstendoerfer (1977) studied the cytotoxic effect of the 

leucocidin from P, aeruginosa on human polymorphonuclear 

leucocyte which induced characteristic nrarphological 

alteration within a few minute of exposure to leucocidin. 

However, f^nna and his earlier collaborator (vide infra) 

carried oxit 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 establishing firmly the bacterium as the clastogenic, 

mutagenic and teratogenic agent in treated mice have been 

presented'^ fth^this thesis. 

Beside P. aeruginosa, P. fluorescencs (tentatively 

identified) isolated from tumor site of the climbing perch 

when injected intraperitoneally into mice after cultviring 

induced various types of chromosome aberrations (Manna and 

Pal, 1982), It was also sho\m 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 \i/hile in others some 

epidermal papilloma and melanocarcinoma appeared. Similarly 

subcutaneous injection of the mixed culttire of these two 

bacteria into mice caused death of most of the specimens while 

two individuals after 2 month shoxî ed the preneoplastic 

changes in liver, five individuals after 5th 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 Bisv/as (1986) reported the increase in the 

frequency of the micronucleated peripheral erythrocytes of 

the fresh v̂ ater fishes. Cat la' catla, Labeo rohita,, 

Qirrhina mriqala and Qreochromis mossambicus at 24 hr 

after intraperitorieally 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 cultiure 

of P« aeruginosa as a continuation of the work carried out 

by Manna and Dey (Manna, 1980, 1982; Manna and Dey, 1979; 

tinpublished; Dey and Manna, 1978.), The present author 

xmdertook 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 

^•^ (J-JLt. cit.). The studies carried out by them were the 

bone marxow chromosome aberrations at some 14 intervals 

between 10 min and 192 hr induced by the I.PJ, injection 

of log-culture, saline suspensed isolated bacteria, culture 

filtrs.te and heat killed suspension of P. aeruginosa into 

se|)arate sets of mice* !Ihe average frequency of aberration 

taking all intervals for both individual and gross type 

aberration was 34,0%, 30„4% and 27.50% for log cultvire; 

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%. Ihere was also 

mitotic retardation in the bone marrow cells of mice treated 

with saline suspended P. aeruginosa. Some preliminary 

stiidies on depletion in sperm count, induction of dominant 

lethal in F- arid Fg 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 raeiotic 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 J-

CHAPTSR , I 

Cytogenetic Assays of Pseudomonas aeruginosa 

Treated and Control Mice in Parental Generation 

A, Studies on Somatic cells j 

a) Effect on bone marrow chromosome at various 

intervals. 

b) Micronuclexis Test. 

B, Stxady 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 : 

a) Effect on Testis 

b) Effect on Ovary 

c) Effect on Uterus. 
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CHAPTER^ II 

Cytogenetical Assays in First Filial (P^) Generation 

A, Lethal Test » 

a) At 15 day of Gestation and at the end of the 

weaning period of the mother after parturition 

B» Somatic Chromosome Aberration in P- Generation 

a) In embryos of 15 day gestation, 

b) In Pĵ  individuals of 3 month old 

C, Meiotic Chromosome Aberration in 3 Month Old P^ Males 

D, Sperm Count in 3 Month Old F^ Males 

E, Sperm Head Morphology in 3 Month F^ Males 

P. Teratogenic Effect 

a) In P- fetus at 15 day of gestation 

b) In 3 month old P- individuals organs. 

G, Histological Effects s 

a) Effect on testis 

b) Effects on vary 

c) Effects on utertis. 
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CHAPTER .III 

Cytogenetic Assays in Second Filial (F-) Generation 

A, Lethal Test J 

a) At the end of v/eaning period of the mother. 

B» Somatic Chromosome Serration in F^ Generation • 

a) In embryos of 15 day gestation 

b) In F2 individual of 3 month old 

C, Meiotic Chromosome Aberration in 3 Month Old F^ Males 

'D, Sperm Count in 3 Month Old F^ Males 

E, Sperm Head Morphology in 3 Month Old F Males 

" ̂ ,* Histological Studies : 

a) Effect on Testis 

b) Effect on ovary 

c) Effect on titerus, 

CHAPTER , IV 

êratog[enlc_Ejgeigt,sin P. aeruginosa Treated and Control 

Pregnant Mice 

'̂» Effects of the Lpg^culture of P. aeruginosa Injected on 

1 to 5 dayg 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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CflAPTER , 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 : 

It has been mentioned that the effects of log-culture, 

isolated bacteria in saline siospension 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 (l98l). The 

effect of heat killed bateria was also studied in few 

intervals after injection, Ihe 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 extend the data 

and to Icnow how long the effect could continue and v/hether 

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 xvhether the 

aberration types were more or less the same at all fixation 

intervals and so on. 
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a) Photomicrograph of a normal diploid 
metaphase coirtplament in bone marrow 
of male mice, 

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

b) 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, Tvro males and 2 females each in control 

and treated series were used at each week interval. 

Generally 100 metaphase spx-eads per individual were 

assessed to determine the aberration frequency and the 

data of 4 individuals of control and treated specimens of 

each week viere combined and presented in the Table 1« The 

method of collection of €he 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 

0,04% colchicine solution at the rate of 1 ml/100 gm body 

weight one and half hovr before the collection of the 

tissues unless mentioned otherwise, 

Collection and fixation of bone marrow cells : 

Following the standard practice, the femxir of each 

specimen after cervical dislocation was removed quickly 

and the sxirface was cleared by the surgical guage. The 

bone marrow from the f̂ tnxir of both control and treated 

specimens was collected in separate centrifuging tubes 

immediately after cutting two ends of the femur and 

pxishing 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 fem\ir. T^e process was repeated to maXe 

sure that the maximum nvunber of cells were flushed out. 

The collected bone marrox-; cells in citrate splution were 

brought into suspension by repeated flushing the fluid 

by a micro pipette. The centrifuge txjbe was then kept in a 

thermostatic water bath (37°C) for about 15 min. The tvibe 

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 i 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 

marrov7 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 bum out 

the alcohol when the cells spread over the slide along with 

the dov;n-ward flow of burning alcohol and fixed on the 

surface. After fxirther drying in air, the slide v/as 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 J 

In control series each specimen was intraperitoneally 

injected v/ith freshly prepared nutrient broth at the rate 

of 1 ml/100 gm body weight and the assessment of chromosome 

aberration if any was made from the tissue fixed at the 

desired interval (Table l)j 

Treated series s 

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 nurrtoer of 

bacterial cells at log phase was determined by the standard 

bacteriological dilution plating method and it was approximately 
7 17 X 10 cells per ml, l^e log phase culture of P, aeruqincs a 

was intraperitoneally injected at the rate of 1 ml/100 gm 

body weight of the mo\ase. The bone marro%'/ cells of the 

specimens were fixed at the desired intervals corresponding 

with the control (Table 1), Almost the same number bacterial 

cells were injected in the present study as was used by 

Dey (1981). 

In order to verify if the chromatid brealcs were 

nonrandomly distributed or not, 40 chromosomes of the 

diploid complement vjere arbitrarily put in 5 groups and their 

proportionally with regard to number and relative percentage 

length v;ere detennined according 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 series, the the frequency 

of chromosome aberrations in the bone marrow cells of 

control specimens fixed in 7 v/eeks 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 vrere put arbitrarily into two categories, as 

individual types and gross types (PM 1-10; Figs, l'-20). In 

case of Individual types some chromosomes of the whole 

complement were affected (PM 1-9; Figs. 1-11 and 14-20) whiJe 

in gross type the v^ole complement v/as 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 aberrations 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 5; Fig. 18) as physiological type. Some 

plates contained rrrare than one individual type aberrations. 

Ihe 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 types, the occurrence of 

chromosoirfis 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 

Psexidomonus aeruginosa 

PM 1, A faint distal chromatid break in a group I 

chromosome, 

PM 2, A centric fusion and a mid-region chromatid 

breakf-ina group I chronosome, 

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 III 

chromosome and a fragment. 

PM 5. Isochroraatid constriction, gap etc. 
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Explanation of Photomicrographs 

Photomicrographs (PM) of affected metaphases In the 

bone marrow cells of mice, for the injection of 

Psetadononas aeruginosa cultxjre 

PM 6* A distal chromatid break in group I chromosomei 

PM 7, A centric fusion and partly stickiness in 

chromosomes• 

PM 8, 2he exchange or association of two chromatids and 

general stickiness. 

PM 9, A proximal chromatid break in a group III and 

centromeric dissociation in group V chromosome 

and some with beaded structure* 

PM 10, A polyploidy metaphase. 

PM 11, Metaphase with the stickiness in chromosomes*-
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Explanation of ficmres 

Camera lucida drawing of the affected part of metaphase 

plates shov;ing different types of aberrations. 

Fig, 1, A proximal chromatid break in a group I chromosome. 

Fig, 2, A mid-region chromatid break in a group 1 chromosome. 

Fig, 3, A distal chromatid break in a grotcp I chromosome. 

Fig, 4, A proximal chromatid break in a group II chromosome. 

Fig, -5, A mid-region chromatid break in a group II chromosome. 

Fig, 6. A distal chromatid break in a group II chromosome. 

Fig, 7i A proximal chromatid break in a group III chromosome. 

Fig, 8, A mid-region chromatid break in a group III chromosome. 

Fig, 9, A chromatid break in the distal region of group III 

chromosome. 

Fig, 10. A proximal chromatid break in a group IV chromosome. 

Fig, 11, A mid-region chromatid break in a group IV chromosome. 

Figs, 12 and 13, A fragment of unknown origin in each 

Figs, 14 and 15, A centric fusion between two chromosomes in each. 

Fig, 16, End to end association between two chromosome. 

Fig, 17, One ring chromosome and an tanknown fragment. 

Fig* 18, A chromosome with constriction in one arm. 

Fig, 19, A gap in the middle region of a chromosome. 

Fig, 20, A centric fusion between two chromosome and the 

centric dissociation in a group V chromosome. 
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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 vjere 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 cont̂ ijlshued to indxace high 

frequency of aberration than that of control. 

Since there were good nxairiber of centric dissociation 

case.s 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; 

8i25% in 3rd v/eek; 6.0% in 4th v/eek, 9.25% in 5th vreek, 5,5% 

in 6th week and 9,0% in 7th week. Even then the frequency 

of aberration was significantly high implying that the 

. clastogenic potentiality of the bacteriiim continued as long 

as 7tl:i week after the injection. 

Ihe frequency of gross type aberrations like 

individxoal types also fliictuated in different weeks and 

.there was no regular mode (Table l). The net increase in 

the gross type aberration frequency over control was 12.5% 

in 1st v/eek, 5.75% in 2nd v/eek, 5.25% in 3rd \<reeik, 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 v/as 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 v/ere siibjected 

to' statistical analysis and in every v;eek the difference 

v;as 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 

translocation and association, 13 gaps and constriction and 

507 centric dissociation making a'total of 779 or 27.82% 

î ĥich was much higher than that of control (Table 1). The 

net increase was 24.54%. Pxirther, if the cases of centromeric 

dissociation were excluded, the frequency of individual type 

of aberrations would become 1.526 in control series and 9.71% 

in the treated series. Ihus the net increase was 8.21% 

which indicates that the treatment induced much higher 

aberration frequency. 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 against 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 

4d»9fSSi in the treated series making an average net 

increase of 41.14%. 
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Comment 3 

Hie present study rovealeS that the aberration 

effect continued ln~ quite high frequency till 7th wee)c, 

the last fijcation interval. Therefore^ it î Jould imply 

that the aberration effect was possibly due to some genetic 

changes induced by the bacterium and the fluctuation in the 

frequency at different intervals might be due to increase 

and decrease of the population of the cells incorporating 

the mutated chxron©some« Manna (1984) postulated a hypothesis 

on the genetic control of chrorooeome aberration in ̂ ich it 

has been advocated that there ml^t bo some loci in the 

chromosome ̂ ^̂ ich under normal condition maintain the structural 

integraty but i-*ien mutated dxis to the effect of soma mutagen 

it rol«^t lose control* Shis would lead to the occurrence 

of single varloxis type aberrations. 2his hypothesis has 

also been appli©3 to explain the chromosome aberration 

observed in P- and F^ genorations of the treated series. 

She present sJWcyikaâ siibscribed to the same view. That 

the behaviour of chromoson® is tander genetic control has 

been advocated by Gi^a (1985a, b) thouG(h It was concerned 

t;ith meiotic pairing (vide In̂ fra) but ue postulated its 

bearing on the appearance of chromosoE© aberration in 

treated parent and in the treated lino of F^ and Fg as 

coBcpared to the respective control. 



Table 1 

Chromosome aberrations in bone marrow cells of mice intraperitoneal ly injected with log-cultuare 

of bacteritam^ £• aeruginosa (Control data given in breackets), 100 cells/inciv. ii/ere counted 

and 2 males and 2 females,' Fixation ivere sacrificed in both control and treated series 

Total 
•̂'̂  cells 
T.me count 

Individiial type aberrations 
Break type Physio,type 

Chro- Frag. Trans Cons & Part, 
mat. As so. Gap group 

C.D. 

_ ^ Gros s t y p e a b e r r a t i o n s 
T o t a l Num. O t h e r s T o t a l 

change 

Grand Net 
t o t a l i n c r * % 

'*'^*< 400 6 4 31 -

(400 ) ( - ) (1) ( 1) ( - ) 
a-nAvik 400 3 4 36 2 

(400) (3) (1) ( 2) ( - ) 
sviwv 400 9 8 23 -

(400) (1) (-) ( 4) (2) 
M\̂ v.v 400 11 4 16 

(400) (1) ( - ) ( 5) (1) 

^ ^ ^ 400 16 6 19 3 

(400) (3) ( - ) ( 2) (1) 

^"^^^ 400 5 5 18 1 

(400) (2) (1) ( 2) (2) 
l\\yi\<. 400 23 8 4 7 

(400) (1) (2) ( 1) (1) 

63 

(10) 

50 

( 5) 

79 

( 8) 

52 

( 3) 

106 

(12> 

122 

( 8) 

35 

( 4) 

104 

( 12) 

97 

( 11) 

119 

( 15) 

83 

( 10) 

149 

( 18) 

151 

( 15) 

76 

( 9) 

50 

( 6) 

35 

( 2) 

33 

( 9) 

22 

( 5) 

30 

(15) 

52 

(10) 

7 

(14) 

52 

( 2) 

34 

( 7) 

33 

( 8) 

73 

( 4) 

33 

( 9) 

60 

( 9) 

70 

( 4) 

102 

( 8) 

89 

( 9 ) 

66 

-( 17) 

95 

( 9) 

63 

( 24) 

112 

( 19) 

77 

( 18) 

206 

( 40)^ 

174 

( 20)^ 

185 

( 32)'' 

178 

( 22)*^ 

212 

( 42)^ 

263 

( 34)^ 

153 

( 27)® 

41*50 

38,50 

38,25 

39,00 

42.50 

57,25 

31.50 

en 

2800 73 39 147 13 

(2880) (11) ( 5) ( 17) ( 7) 

507 779 249 

( 50) ( 92) ( 61) 

335 604 

( 43) (104) 

1371 

( 219)' 

41.-14 

a = P<0.001, b = P<0.01, c = P<:o,02, d = P<0,05, e = P>0.05 
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Centromeric Dissociation : 

Ihe 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 differential 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 II, 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 XV 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 ^ 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 tV, 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 nxanibers having the maximum number in group V, 

In 1st v;eek the total was 71 or 17,75% and the increase over 

control was 15,75%. The same trend x̂ as shown in 2nd week 

also and the total niamber 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 nxirnber 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 

\-TeL3 11,50%. In 5th week the total number was 108 or 27.0% 

and the net increase was 24.0%. The frequency v/as highest 

in 6th week. It was found in all but group H.- The 

total number v/as 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 groiip 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% against 

0,32% and in group V it vvas 10.53% against 1.75% of the 

control series respectively. Moreover, if the n\arnber of 

chromosomes belonging to different groups was considered, 

it was 20 in group III, 6 in group IV and 2 in group V 

indicating that group V was very vulnerable and the 

next one was of group IV. 

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 iA?ith 0.04% colchicine solution 1.5 hr 

file:///-TeL3
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before talcing the t i s s u e , ISierefore, one might sxispect 

tha t i t was due to colchic ine e f f ec t . But i t would not 

explain so much d i f f e r e n t i a l response and more spec i f ic 

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 Control and Log-culture of P. aeruginosa 

treated mice. Control data given in Brackets. 

Fix. No,of Total __ 
time indiv, cells I 

count 

Groups of chromosome Grand Net 
II III IV V total incr 

* % 

1 wk 

2 wk 

3 wk 

4 wk 

5 wk 

6 wk 

7 wk 

Total 

4 

(4) 

4 

.(4) 

4 

(4) 

4 

(4) 

4 

(4) 

4 

(4) 

4 

(4) 

28 

(28) 

400 

( 400) 

400 

( 400) 

400 

{ 400) 

400 

( 400) 

400 

( 400) 

400 

( 400) 

400 

( 400) 

2800 

(2800) 

1 

(-) 

1 

(-) 

-

(-) 

.. 

(-) 

— 

(1) 

2 

(-) 

-. 

(-) 

4 

(1) 

1 

(-) 

1 

(-) 

1 

(-) 

1 

(-) 

1 

(-) 

—. 

(-) 

-

(-) 

5 

(-) 

19 

(-) 

13 

( -) 

32 

( -) 

6 

( -) 

11 

( 1) 

18 

( 2) 

3 

( -) 

102 

( 3) 

16 

(3) 

15 

(-) 

20 

(4) 

8 

(-) 

26 

( 1) 

35 

( 1) 

13 

( -) 

133 

( 9) 

34 

( 5) 

20 

( 5) 

37 

( 9) 

27 

( 6) 

70 

( 9) 

68 

( 6) 

29 

( 4) 

295 

(44) 

71 

( 8) 

50 

( 5) 

90 

(13)^ 

52 

( 6) 

108 

(12) 

123 

( 9) 

45 

( 4) 

539 

(57) 

15.75 

11.25 

19.25 

11.50 

24.00 

28.50 

10.25 

17.21 

•Statistical significance of difference P<^ 0.001 in each week. 
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for chromosomes of gjroup'V* It seemfed that smaller group 

of chromosomes had defective centromere because similar 

differential responses were obser-ved in o\ir laboratory by 

other workers using different mutagens, Ihe differential 

sequence of the separation of chromosomes has been recorded 

by some other workers in laone marrow cells of different 

materials^ In Rattus norveqicus sequential separation of 

chromosomes in anaphase of bone marrow of colchicine treated 

specimens waŝ tK'at it was highest in No.-. 1 (largest ST), 

followed by No* 15-21> 2» 3 and 5^14 v/hile No,. 14 (smallest 

ST) was last to separate (Sarihyan and Singh, 1985), It 

has also been claimed Parpok and Farook, 1985) by analysis 

of C-banded and non-C-ijanded mitotic chromosomes that in man 
> 

Nb̂ . 2 was earliest and D group was last to separate; in cattle 

the centromere of XX and XY separate earlier than any of the 

ayttpsome and again the active X of 2Xs in female separate 

earlier than the passive X-chromosome? in mouse the Y 

separates first followed by the rest and so oĥ - It was 

opined <Parook and Farook, 1985) that the chromosomes with 

C-hetisrochromatin separate later than that of v/ithout 

C-heterochromatin which is however,> questionable from various 

'observations, Anyhow> the centromerie separation bbseirved 

in our present study in control and log-cult\ure of 

Pseudomohas treated mice and same in F, and Pg 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 t 

•fk' • • - • 

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 



61 

specimens were analysed for their group-wise and region-

wise distribution. An analysis of the data (Table 3) 

showed that in group I, the obseirved ntxtriber was 21 against 

74 and 11^85 expected nxinibers respectively. It appeared 

not so glaring for chronKJSomes belonging to group II 

because the observed number was 20 against the expected 

nviniber of 14.48 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 
^x'Tsc, j.̂__«.,-̂ '̂ -

Region 
from 

centre. 

Proximal 

Middle 

Distal 

Total Obs, 

Expected 
per No, 

Per % 
length 

I 

7 

6 

8 

21 

7. 

11. 

-3/treated mice \n seven 

Groups of chromosome 
II 

6 

4 

10 

20 

,4 14.8 

,85 19,10 

rii 

3 

10 

16 

29 

37.0 

34.61 

IV 

1 

2 

1 

4 

11. 

6. 

,1 

,70 

wic-eK.s. 

V 

. 

-

-

- , 

3.7 

1.74 

Total 
Obs 

17 

22 

35 

74 

Exp. 

24.66 

24.66 

24.66 

-

74 

74 
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per percentage length. Therefore, chromosome belonging 

to group I and also possibly group II seemed more 

susceptible to the chronosome breaking property of 

Pseudomonas. On the otherhand chromosome belonging to 

groups III, IV and V \-jere somewhat resistant because the 

observed number was lower than that of expected nxirriber 

calculated as per number or relative percentage length. 

On the whole'" it could be generalised that there was 

differential response and the breaks v;ere 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 five groups of chromosomes (Dey, 1981)). 

Therefore, two independent sets of data focussing the same 

result v;ould confirm that the breaks were nonrandomly 

distributed between different groups of chromosomes, 

^ e 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 

nxrriber though 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 (1981), 

In mice', the chromatid breaks induced by varioxxs 

chemical and other agents were also fo\ind to be nonrandomly 

distributed between 6hd 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 

file:///-jere
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occurrence of the nonrandom distribution was due to some 

inherent weaker regions in chromosomes which due to some 

physioochemical stress break often than other regions, 

2his has found support from the discovery of heritable 

fragile sites in chromosomes in htiman cancer (see Michelle 

and Rowley, 1984; Chang^ti 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 rearrangement 

associated with varioiis cancer. Thus the nonrandom 

chromosomal rearrangement v/as associated with fragile sites 

of chromosomes, A flagile- site is a region of a chrDnK)Some 

which does not take stain. The sites are inherited in 

the Mandelian fashion. Seventeen fragile sites in human 

genome have been identified so far. Of these 16 are 

autosomal and one is on X-chromosome. The X-chromosome 

fragile site is associated 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 JLn other Eukaryotos (see Manna, 1975). 

-^us 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 

E^s, 1972; Manna and Bardhan, 1973a, b; Manna and Mitra, 

1971; Manna and Das, 1973) was toxoid to be correct. Even 

it was stispected 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 

Pseudomdnas culture treated mice added more- evidence in 

the inherent weaker region of chromosomes of mice as 

generalized by Manna (1975), 
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b) Micronucleus Test : 

The micronucleus test in bone marrow of mice has 

been foxand 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 

roicronucleated 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 V7ith 

X-rays, chemicals and Pseudomonas (Hoolflsain and DeHaat, 

1982; Manna and Biswas,̂  1986; Manna and Sadhxil^an, 1985; 

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 scoring 

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 stiructure. The nximber 

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 norinocytes. Therefore, there are three types of 

micronucleated cells : (i) Myeloblast when the main nucleus 

is present, (ii) polychromatid erythrocyte with bluish tinge 

and (iii) normochromatic erythrocytes with reddish tinge in 
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the May-Griiesw^ds Eosin-Methylen blue - Giemsa preparation 

(vide infra). 

Micronuclei are formed from laggards or from 

asymmetrical exchanges ̂ î iile symmetrical exchanges and other 

simple type aberrations would not be detectable by MNT which 

is a draw back in the MNT, Hov;ever, 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 belonging to alkalAting 

agents, antimetabolites, drugs, antibiotics etc, were found 

to be strongly positive for MNT studied by various workers 

v*iile Manna and his collaborators in addition, to X-rays and 

add chemicals using bacteria (Gosxirami and Manna, 1984? 

Sadhxikhan and Manna,, unpxjblished) and some species of 

Aspergillus (Manna and Kundu/ unpiiblishedy Manna and 

Chakraborty, impublished) .̂  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 vjere 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 marrov; 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 xvith 

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 xvithout micronuclei were 

recorded. The average of 4 specimens of treated and control 

series was taken to compare the result determined for 

cornparison. 

Ttie separate collection of bone marrow cells in 1% 

soditim citrate solution of control and treated specimens 

I'jithout injecting colchicine was done following the standard 

procedure* The suspension-of bone marrow cells in 1% 

sodixim 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-^ruenwald powder 250 gm + methanol 

pure 100 ml), followed by staining again with diluted 

May-Gruenwald stain for 2 min. Ihe slide was rinsed in 

distilled water and finally stained in diluted Glemsa stain 

(1 part Glemsa and 6 part distilled v/ater) for about 10 min. 

After staining, the slides were rinsed in distilled water 

and dried in air, cleared in Xyline for 5 minutes and 

eitibeded in DPX. 
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Observation t 

Ihe polychromatic erythrocytes contained normally 

one per cell but the number and sise of micronuclei varied 

to some extent in different cells (EM-flAa-f), The data 

(Table 4) sho\Tred that the frequency of polychromatic 

erythrocyte x̂ as 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% ^gaing. 3 or 0.3% in 3rd individuals and 140 

or 14,0% against 3 or 0,3% in 4th individuals. Ihus out of 

total 4000 polychromatic cells examined there were 519 or 

12,97% polychromatic erythrocytes with micronucleus against 

9 or 0,2'2%.in the control series, therefore the difference 

in the number of micronucleated polychromatic erythrocyte 

between treated and control was statistically significant 

<P^ 0,001), 

It was opined by Schmid (1976) that if the frequency 

of micronuclei was above 5%, one should be caxjtiotis 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 

the number of micronucleated cells having more than one 

was discarded the frequency ̂ rould still be significantly 

higher than control. 

Like the micronucleated polychromatic erythrocytes. 
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the frequency of micronucleated norniochromatic erythrocyte 

was also very high, % e nature and the nvunber of micronuclei 

in the normochromatic erythrocyte was also highly variable 

(PMllSa-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 norrTochromatic eirythrocytes 

t'̂as 13,10% (175 in 1335 cells) in 1st individual, 14.38% 

(205. in 1425)in 2nd individual, 12.89% (167 in 1295)in 3rd 

individual and 6,06% (95 in 1567) in 4th Indlvldtial and 

the average ox four individual (Table 4) was 11.4% (642 in 

5622)normochromatic erythrocytes, vdiile in the control 

specimens it was 0,3?-̂  in 1st Individual, none in 2nd 

individual, 0.19% in 3rd individiial,- 0.1% in 4th individual 

and the average was 0,14%. Iherefore, the statistical 

analysis of the data (Table 4) shovjed that the difference in 

frequency of micronucleated normochromatic erythrocytes 

between treated and control was highly significant (P-«il 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 t 

The n\imber 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. IIA 

Photomicrographs of polychromatic mlcronucleated erythrocytes 

in bone marrow cells of mice treated with log culture 

of bacterium P. aeruginosa. 

(a) A cell with one mlcronucleus, 

(b) Two cells each with a micronucletos, 

(c) One cell with one and another with 3 micronuclei, 

<d) Two cells each with one and another with 4 micronuclei, 

(e) 5bur cells, one with one, one with two, one with 4 

and one V7ith seven micronuclei. 

(f) Two cells, each with several micxronuclei, 

PM IIB 

Photomicrographs of normochromatic erythrocytes 

in bone marrow cells of mice treated with log culture 

of £; ae3n;vq4.î osa. 

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

(d> Each cell with two micronuclei, 

(e) One cell with two another with 4 micronuclei, 

(f) One cell with 4 micronuclei, 

(g) One cell with 8 micronuclei, 

(h) Ihree cells with variable nu&ber of micronuclei. 
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^ame vias considered with other chemical treated data 

(Schmidt, 1976,, 1982), It would appear from the present 

data (Tabl̂ ''-4 A and B) that the number in polychromatic 

erythrocytes with 1 micronucleus was 13*07; with ^^;f*^%i 

with 3, Gi4% ; with 4, 0.1% and with 5 to 15,0i75% and that 

of normochjETomatic erythrocyte with 1 micronucleus was 8.98%jt 

with 2| 1*1%; with 3, 0,4S> v/ith 4, 0*28% and with 5 to 

15, 0*71%. 

Iherefore^ there could be no denial the fact that 

the frequency of micronculeated erythrocytes induced by the 

treatment of log-<:ulture of P^ aeruginosa was significant 

high (P<0,001)* It was presumed that since the frequency of 

bone marrow chromosome aberration was also very high (Table 

l)> the high incidence of micronucleated cSlls was also 

expected* The frequency was determined for nxiiriber of 

affected cell irrespective of the number of micronuclei 

they contained* The. high frequency could have been partly 

due to gross iaffected metaphases which undergoing 

disintegration by fragmentation and pycnosis* Anyhow 

on the whole the data supported the clastogenic property 

of £•• aeruginosa in treated mice liKe that chromosome 

aberration* 



Table 4 

Frequency distribution of cells with micronucleus in eirythrocytes of Pseudomonas culture 

treated and control mice (Control data are in brackets) 

Ind, Without 
MN 

NO), of cells with micronucleus 
5-.15 Total Grand total MNG % 

A» Polychromatic erythrocytes 

1 BiSi 998) 110(2) l O t - l 

2 885i 999) 9^5(-4 lOU) 

3 863^ 997) 117(2) 3(1) 

4 860( 997) nii3) 13(-) 

3(^) 

5(^) 

2 ( . ) 

6M 

2(-.) 

^U) 

2(-) 

^ ^ ^ 

2 (-) 

5(^) 

13 (^) 

lO(-) 

127<2) 

115(1) 

137(3) 

140(3) 

1000(1000) 

1000(1000) 

1000(1000): 

1000(1000) 

12.7(0.2) 

iivsCo.i) 

13.7(0.3) 

14,0(0.3) 

I b t a l 3481(3691) 433(7) 36X2> 16(-) 4 M 3 0 ( - ) 519(9) 4000(4000)* 12*97(0.22) 

B.. NbrtiKDChromatic erythoajcytes 

1. 1160( 982) 140<3| 19(-;) 

2 1220(1020) 175(-) 15(-) 

3 1128(1040) 

4 1472< 994) 

13lU) I t ( ^ ) 

55(1) 1 7 ( 4 

4 { - ) 

7U) 

3U> 

8 ( 4 
11(4 
-(4 

14^4 
15t4 

175(3) 

205(4 
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) 501(6) 6 2 ( 4 23(^) 1 6 ( 4 
tax - . : —_ 

4 0 ( 4 642(6) 5622(4042)^ 11.42(0,14) 

•Significance cont ro l versus t r ea ted P< 0*001 o 
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B, Studies on Male Germinal Cells t 

a) Effect on chromosomes at different stages of meiosis s 

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 stxidy of germinal chromosomes 

has relatively been limited in comparison to that of bone 

marrow chromosomes or irj vitro somatic chromosomes, Fvorther 

among male and female germinal chromosomes the latter have 

rarely been deployed for the study of effect of ionizing 

radiations and chemicals (see Brewon and Preston* 1982). 

Gllllavod and Leonard (1974) found variation in the frequency 

of structtiral aberrations in oocytes ehromosomss at 24 hour 

after radiation. The stage sensitivity of developing oocytes 

was studied by Brewen et ai. (1976), Brewen and Preston 

(1982) listed some 16 chemicals lilce antibiotics*, sulphur 

dioxide* sodium fluride,̂  caffeine, TEM, MMS etc,- which were 

tested for chromosome breaking property in ooc3ftes. 

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 ionising radiation and chemical mutagens in 

mammalian models. However* the translocation was not 

associated with the phenotypic effecti It was found to 

lead to semisterility, reduction in testicular sisse in male 

etc, Snell (1933* 1934* 1935) was pioneer to work on mouse 
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reciprocal translocation. Beside ionizing radiation some 

Trad±ora±mefc±C:;-chseraicai like TEM (Cattanach^ 1959)? EMS 

(Genereso et al«,̂  •1974fCQttanach et al*^ 1968), TEPA 

(fipsteln̂  1975/. Mytomycin-C {Mler, 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 

spermatogenesis* Anyhow, so far as the present author was 

aware the study on the germinal chromosomes aberrations in 

testes of mice- treated with some living mutagens was 

carried out by Manna and his collaborators using the 

bacterial species. Staphylococcias, aureus (cSiosh and Manna, 

1984) and 3arc]&na lutea (Goswami and I-lanna, 1984)»- The 

present study carried out by the author on the effect of 

log cultioie of £« aeruginosa in the testis cells of treated 

mice at various intervals would remove the lacuna because 

it i;as not studied before. 

Procedure $ 

Male mice of about 3 month old were injected 

intraperitoneally with the log-cultxire of P.- aeruginosa 

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* Each specimen was 

pretreated with colchicine solution one hour before the 

collection of the tissue. No colchicine injection was given 

where the tisstie was fi-xed within an hour. Since it takes 

about 6 weeks for A«.type cells of spermatogonia to form 

matiare sperms in mouse (Bateman and Epstein,̂  1971; Adler, 

1982), testes of both control and treated specimens were 

fixed separately at 18 intervals ranging from 10 min to 
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7th week (Tables 5'»9), 

Immediately after removal the testes of jcontrol or 

treated specimens were put separately into 1% sodium 

citrate solution and the tunica albuginea was removed with 

the h41p of two fine needles to make the tiabules free into 

-Oie citrate solution. After about 20 min the txjbules were 

transferred to a fixing ttibe containing acoto-alcohol 

mixture (li3) for a few minute of fixation. Some ttibules 

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 vras squashed between cover glass and the 

slide with the moderate thxamb 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, llie slide was 

stained in diluted Giemsa stain (Itlud, followed by air 

flrylng and mounted in DPX, All the spermatogonia 1 metaphase, 

diaklnesis and metaphase-II platQS to encounter 100 

metaphase-l plates pet individual were assessed. Thus no 

uniform number of cells of different stages besides 

metaphase-I was maintained in different dLndividual. 

Spermatogonia! metaphase : 

The nxamber of spermatogonia! raetaphases to encounter 

100 metaphase-1 plates per individual varied widely. In 

the testes of 3 male individuals examined in each of 18 

intervals, the nurobei:' of spermatogonia! metaphases varied 

between 5 and 189 tn̂ ^ treated series and 21 to 237 in 

control series (Table 5). 
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The aberrations in sperroatogonial metaphases 

(PM 12*16? Pigs. 21-27) consisted of individual types in 

the form of chromatid break, acentric fragment, 

translocation like ring and centric fusion etc, and gross 

types like numerical changes, pycnosis, stickiness etc. 

More or less the same types of aberrations x̂ ere 

encotjntered both in control and treated series but the 

palpable difference was the absence of translocation 

types in control series, 

Ihe data were not uniform and in some intervals it 

was very limited. All types of aberration were coitlbined 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 2$,36% (Table 5), 

In the treated series the frequency was higher in all but 

24 hr, 96 hr and 3rd week' and the net increase over control 

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 5th week, 

54,39% at 6th week, 19,09% 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 higher 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 
! 

Frequency distribution of chromosome aberration in Spermatogonia! raetaphases of control and log-culture of £• aeruginos^^treated male mice 

at different intervliAs, Contix?! data are in brakcets {3 ilndiv, used per interval in both control and treated series) ! 

Pix»tiBie Total cells 
counted 

tndivldual type abgrratlons 
Break type Total 

Chrmatid Fragment Tr^is/ 
ASSOm 

.Gross type aberrations 
Num.Change Others Total Grand total % Nfetr Incr, % 

iO min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

48 hr 

72 hr 

96 hr 

120 hr 

144 hr 

1st wk 

2nd wk 

3rd wk 

4th wk 

fth wk 

6th w^ 

7th wk 

12S( 139) 

23< 109) 

64( 138> 

60( 127) 

43 < 180 

86 ( 55) 

54( 180) 

57 ( n4) 

5( 21) 

71( 222j 

105( 237) 

18( 210) 

18< 75) 

24< 178) 

36( 172) 

169( 1$9) 

96( 234) 

30( 66) 

2< * 

-( ^ 

-( 1 

-( 2) 

-( 3 

*< 3 

- ( - ; 

5( ̂  

S( 1 

-( 2 

3( 1 

«( « 

2( -

-( 2 

•*( 3 

-( 3 

3( 2 

7\ -i" 

*( ^ 

-( 2 

^l • 

5( • 

2( -

2( -

2( *) 

3( .) 

-( 1) 

-( 4) 

-{ 6) 

^C .) 

-( 6) 

•( -) 

-C •) 

8( 2) 

12C 1) 

- < ^-^ 

3( 3) 

••( -•) 

7( -) 

-< *) 

7 ( •) 

2( -) 

SC 7) 

-( 2) 

a( 6) 

6( «) 

6{ 11) 

IC 3) 

2< 3) 

1( 6) 

-{ -) 

10<24) 

3(25) 

6< -) 

3( 4) 

2(12) 

4(14) 

35( 2) 

23(17) 

*( 2) 

3( ̂ ) 

3( -) 

•( 6) 

6i -) 

5( 6) 

7( 3) 

7( -) 

9( 6) 

*( 2) 

6(10) 

13 < 5) 

3( -) 

*( 5) 

•( 5) 

8( 4) 

12( 2) 

30( 2) 

6( 3) 

6 

3 

8 

12 

11 

8 

9 

10 

IS 

16 

9 

3 

2 

12 

47 

53 

6 

7) 

2) 

12) 

* ) 

17) 

6) 

3) 

12) 

2) 

34) 

30) 

-) 

9) 

17) 

18) 

5) 

19) 

5) 

8 

6 

8 

la 

11 

8 

9 

10 

24 

23 

9 

6 

2 

19 

47 

60 

8 

?) 

2) 

13) 

4) 

23) 

6) 

9) 

12) 

2) 

36) 

31) 

2) 

12) 

17) 

18) 

5) 

19) 

S) 

6.40(5»03) 

26.08(1.83) 

12,50(9,42) 

20,00(3.14) 

25.58(12,77) 

9,30(10.90) 

16w66( 5.00) 

17.54( 6,83) 

0.00( 9.52) 

33.80(16,21) 

26,66(13.08) 

50.00( 1.90) 

33.33(16.00) 

a.33( 9.55) 

52,77(10*46) 

27.81( 3.14) 

62.50( 8,11) 

26,66( 7.57) 

Ototal 1084(2676) 17(13 19(12 8 44(23) '113(139) 118(59) 231 
\ 

198) 275 221) 25.36( 8.25) 17.11 



Explanation of Photomicrographs 

Photomicrographs (PM) of affected Spermatogonia! 

raetaphase plates in mice treated P. aeruginosa Cultvare. 

PM 12, A chromosome with part of the chromatid deleted. 

PM 13, A chromatid break, a ring chromosome, one fragment 

and two constrictions, 

PM 14, A fragment of unknown origin, 

PM 15, A polyploid petaphase with condensed 

chromosomes, 

KM 16, Metaphase with sticky chromosomes. 
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Explanation of ficfures 

Camera lucida drawing of a part of spermatogoriioH 

metaphase showing different types of aberrations^ 

Pig* 21* Two chromatid breads 

Pig*' 22* One isochromatid break, 

Fig* 23• Two fragments of tinknown origins 

Pig» 24* One fragment of \miaiown origin. 

Pig* -25* One centric fusion*; 

Pig* 2a* One centric fusion* 

Pig, 27* End to end association between two chromosomes, 

file:///miaiown
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(10 mln) to the last (7 week) fixation interval vjith 

fluctuated frequency* 

Diakinesis « 

Like sperroatogonial metaphase, the frequency of 

aberrations in diakinesis cells (Table 6) also ranged 

widely in 18 inteirvals 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 viere also individual types consisting of chromatid 

break, isochromatid break, acentric fragment, multivalent 

structijre, precocioxis separation of chroirosomes 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 chromosomes 
I" 

was more than other types. In a total of 743 diakinesis 

cells of 18 intervals there were 27 or 3.63% chromatid 

breaks 11 or 1.48% isochromatid break, 22 or 2,36% acentric 

fragment, 40 or 5*38% multivalent or bivalent association, 

36 or 4*84% precociotas 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 parecocious separation were disregarded as true 

aberration, the frequency of aberration wo\xld 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 



Explanation of Photomicrographs 

Photomicrographs (PM) of effected dlakynesis cells 

in male mice Injected v/ith the bacterium^ P« aeruginosa 

cxilttire, 

PM 17, A chromosome break and an extra bivalent, 

PM 18. A chronK)some break and a chromatid break, 

PM 19, A chromosome breaks a chromatid break and a 

multivalent or an association of three 

bivalents.^ 

PM 20, An extra-element, 

PM 2 1 , An ane\;^lold c e l l with 18 b i v a l e n t s . 
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Explanation of figures 

Camera lucida drawing of a part of diakinesis plates 

.showing different types of aberrations 

Fig; 28. Cnromosome break. 

Fig, 29. A chromosome break and a fragment of unknown origin, 

Fig, 30. A chromosome break and a chromatid break. 

Fig,' 31. Chromatid break. 

Fig, 32. A multivalent structxire 

Fig, 33, 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, H or 0,61% precocious sex chromosome 

separation making a total of 64 or 3.24% individtoal types 

of aberrations. If the precocious separation cases were 

excluded the ntuiiber would come down to 28 or 1,43% which 

was significantly lov/er 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 nuclei 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 aberrations 

ranged between 1*26% (10 min) and 100% (1st week) indicating 

a very wide range of variation, Ihe 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 tijhole 

the data indicated that the treatment of Pseudomonas induced 

higher frequency of aberrations in chromosomes of diakinesis 

stage than that of control (Table 6) as it was also foxind in 

the spermatogonia! metaphase, 

Metaphase I t 

It was Intended to asses 100 metaphase-I plates per 

individxial as a standcird but it could not be maintained in 
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testes of 3 treated males fixed at 96 hr, 120 hr, 144 hr, 

1st week/ 5th week, 6th X'/eek and 7th week. In control 

series there tras no such difficulty (2^ble 7). Ihe 

Inadequate occurrence of metaphase-I was very likely due 

to some effect of the treatn^nt of the bacterial culture 

as was experienced in Aspermatogonial metaphase and 

diakinesis stage of the treated specimens, 

Uie types of aberrations (EM 22-27; Figs. 34-̂ 4?) 

were more or less similar in nature as found in diakinesis 

nuclei, These were individtaal types consisting of chromatid 

or chromosome break, fragment of unknown origin* translocation/ 

bivalent association, precocioxas separation of autoson^s in 

some bivalents and the X and Y in sex pair, ll̂ ese were also 

gross types showing nianerlcal change,, stickiness etc. 

In the testes of a total of 54 control specimens 

examined at 18 different intervals,, there were 25 or 0,i46% 

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% precocioxis separation of autosomes, 

90 or 1,66% precocious separation of X and Y 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 doxm to 82 or 1»51%. Taking all individual and gross 

type aberrations together,- th'e average frequency was 413 or 

7.64% of which if the precocioxiS separation cases wexre 

eliminated, it woxild be'. 190 or 3.51%, On the otherhand in 

the treated series out of 4334 metaphases I, there were 

62 or 1̂ .43% chromatid breaks, 18 or 0,41% isochromatid breaks. 



Explanation of Photomicrocprain̂ s 

Photomicrographs (PM) of affected metaphase 2 plates 

in male mice for the infection of bacterium P, aeruginosa, 

PM 22. A chromatid break ±n an aneuploid raetajiiase I 

with 18 bivalents. 

E^ 23, A fragment^ a constriction and two bivalent 

association (translocation)• 

PM 24, A multivalent and seme association with 

anex̂ jloid ntucber of 17 bivalents. 

PM 25. Precocious separation of autosomes of bivalent. 

PM 2&. Precociotas separation of the X and Y. 

PM 27, Metaphase I plates upper left *• 20 bivalents 

upper ri^t - 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 ficnares 

Camera lucida drawing of a part of metaphase I plates 

showing different types of aberrations. 

Pigs. 34 and 35„ A chromatid break. 

Pig«. 36-37, S chromosome break. 

Pig, 38. A fragment of vinknown origin. 

Pig, 39, A fragment and a multivalents structure. 

Pig, 40, Two tetravalents or association of two bivalents. 

Pig. 4i, A chain of three bivalents and a fragment* 

Pig, 42, Precocious separation of sex chromosome. 

Pig, 43, Precocious separation of autosomes and sex chromosome. 
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47 or 1,08% fragment of un>aiown 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 individual 

types were combined, the number would be 1180 or 27.27% out 

of 4334 metaphase I plates. If the ntoiriber 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 thereby that 

the treatment of Pse\idoroona3 induced much higher frequency 

of chromosome aberrations in metaphase I like that 

spermatogonia! metaphase and diakinesis stage. 

If the frequency of chromosome aberrations at 

different intervals (Toble 7> between the control and treated 

Specimens \jer& compared, it was found to be always higher 

in the treated series and net increase in the treated was 

11»33% at 10 xa±^, 5,34% at 1 hr, 1.34% at 2 hr, 5*66% at 4 

hr, 23.34% at 8 hr,. IZJSTA 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 v;eek, 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 <2feble 7).v The inclusion of 

precocioxis separation of autosomes of sex chromosomes had 

increased the fre<^ency of aberrations but even their 

excl\asion would no(^ bo\abt show thatrtthe treatment of P. 

aeruginosa induced higher frequency of aberrations even if 
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that type was excluded at metaphase I as experienced 

in other stages mentioned before. Moreover, since at 

metaphase 1, the number of plates examined both in control 

and treated series was the same in most of the intervals, 

the comparison v/as more effective and suffered no 

limitation of data as found in spermatogonia1 metaphase 

and diakinesis stage. However, frequency at different 

inteirvals did not show a regular mode (Table 7 Graph 2), 

Metaphase II 

The frequency of metaphase II to encoxmter 100 

metaphase I per individual was lower and in the combined 

data (Table 8) of three treated individuals, the total 

number ranged betv/een 16 (1st week) and 233 (72 hr). In 

the control 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 unfavoxorable 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 etc. 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 Bibtb^erocfrat^ 

Photomicrographs of metaphase II showing different 

forms of chromosome aberrations in log culture of 

Rx aeruqiî osa treated male mice 

PM 28, A normal metaphase II platei 

PM 29, Chromosome with chromatid breaks, constriction* 

gap etCi»-

PM 30i A fragment and some chromosomes with early 

centric dissociation, 

PM 31, Stic|y chromosomes with one ring like stmctvure, 

PM 32i Two chromatid break and one centric fiision. 

PM 33, One constriction. 
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Explanation of Ficmres e 

Camera lucida drawing of a part of metaphase II showing 

different types of aberrations treated with bacterium, 

P_seudong>nas aeruginosa in male mice Mtis musculus. 

Fig, 44* A chromatid break in the terminal region. 

Fig, 45. T\̂ro chromatid breaks in two chromosome. 

Fig. 46, A chromatid break. 

Fig, 47. A chromatid break. 

Pig. 48.~ A fragment and a chromosome with early centric 

separation. 

Fig, 49. A chromatid break and a constrictiSn. 

Fig. 50, A centric fusion. 

Fig, 5x, A centric fusion. 

Fig, 52. A constriction. 

Fig, 53, A r i n g - l i k e structiare formed due to 

sticlcLness. 

Fig, 54, End to end associa t ion between two chronK)Soraes. 

Fig . 55, A chromosome with ear ly centromeric d i s soc i a t i on . 
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the total nxiitiber was 627 or 42.59% While in the same nxirriber 

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% individtial type aberrations. lhe»e 

with gross types taken together, the nxirriber was 342 or 

14.06%, Therefore, the net increase in the aberration 

frequency v/as 28.53% in the treated series. If the aberration 

frequency betv/een 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 QQ hr, -4,74% at 24 hr, 20,83% at 48 hr, 15,03% 

at 72 hr, 5,29% at 96 hr, 39,18% at 120 hr, 24,63% at 144 hr, 

66,92% at 1st 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 v/eek and 28,53% in the average (̂ feble 8), 

Comments s 

Ihe data of the net increase of aberration frequency 

in chromosomes at spermatogonial raetaphase, diakinesis, 

metaphase I and metaphase II when compiled (Table 9) were 

foxmd Miat there were some amotitot 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 on. 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 l) indicating that the 

bone marrow chromosomes were more sensitive than the gearminal 

chromosomes. Differential sensitivity between somatic 

chromosome and germinal chromosome has been recorded by 

earlier workers In specimens treated v/ith X-rays.. The 

present study also indicated differential responses in 

chromosome aberrations in different stages of melosis 

and it was highest at dlakinesis and lowest in 

spermatogonia! 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. 
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Table 9 

Compiled data of aberration frequency of all stages of meiosis In Pseudoroonas treated and 

control mice 

Stage 

Sp. 

Diak. 

Met. I 

Met. 
II 

Grand 
total 

Total 
No, of 
cells 

1087 

(2676) 

743 

(1791) 

4334 

(5400) 

1472 

(2433) 

7636 

(control data in 

Chr. 

17 

(13) 

27 

(15) 

62 

(25) 

131 

( 34) 

237 

(12300)( 87) 

bracket) 

Individual 
Break tvpe 

, Ch. 

^ 

11 

( 3) 

1& 

( 3) 

m. 

29 

( 6) 

Frag, 

19 

(12) 

22 

( 3) 

47 

(12) 

58 

(14) 

146 

(41) 

, Trans 

8 

(-) 

40 

(7) 

174 

(42) 

23 

( -) 

245 

( 49) 

tvpe aberrations 

i* Cons 

• ^ 

(-) 

'tir* 

(-) 

— 

(-) 

13 

( -) 

13 

( -) 

Pre-
i. Aut, 

M» 

36 

(25) 

265 

(133) 

» 

301 

<158) 

•sep. 
, Sex 

28 

(11) 

134 

(90) 

«•• 

162 

(101)( 

Total 

44 

(23) 

164 

(64) 

700 

(305) 

225 

( 48) 

1133 

: 440) 

Gross 
N.C. 

113 

(139) 

24 

( 17) 

203 

( 51) 

128 

(113) 

468 

(320) 

type aberrations Grand 
Others 

118 

( 59) 

121 

( 55) 

277 

( 57) 

274 

(181) 

790 

(352) 

Total total 

231 275 

(198) (221) 

145 309 

( 72) (136) 

480 1180 

(108) (413) 

402 627 

(291) (342) 

1258 1807 

( 669) (1112) 

[ % 

25.36 

( 8.25) 

41.58 

(7.59 ) 

27.22 

( 7.64) 

42.59 

(14.06) 

23.66 

( 9.04) 

Net 
incr 

% 

17.11 

33.99 

19.56 

28.53 

14.62 
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O ô  00 

Vo o f Abe r ra t i on 

> 

o o CtO 
(̂  O 
:^c 

i_p 
U - L_ 
. ^ 
O ^ ' 

5CL| 
O 
t3"0 

c 

c p o — 1 _ ^ 

^ V . -
^ O ^ 

"^i2 5 
* * - ^ j -
oo^2! 

•^—••^ _̂ _ 

5E 0 

^ 4 — 

LJ.EE 
a 
<̂ c: ^ 
^ 0 ^ 

•^ 0 
•50 E 
. ^ ' - • D 
JO^ (^ 

o o - ^ 
o^S 

. Oo-i= 



86 

b) Effect on sperm count s 

Ihe genetic significance of sperm depletion test 

is yet to be established but different mutagen affecting 

the sperm cotint was found by son© workers in our laboratory 

using the living mutagens like Staphylococcxis axareus 

(Ghosh, 1985), Sarcina lutea (Goswami, 1985) and spores of 

Aspergillus fvimiqatus (Manna and Patel, 1982) "and some 

chemical mutagens like D-Glucose amine hydrochloride 

(Banerjee, 1982), Chloramphenicol (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 co\mt fell below 10% of the normal count 

(Searle and Beechy, 1974). With a view to finding out if 

the treatment of Pseudorronas culture to male mice would induce 

sperm depletion effect because of the stage sensitivity in 

spermatogenesis, the present study was conducted,. 

Procedure t 

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. % e sperm 

samples were prepared as follow? j-

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, vas deferens and other adhering 

tissues. The inner content of each epidedymis was teased 
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out in the solution and the tissue was minced. The 

material v;as thoroughly shaken to malce free the sperms 

to suspend in the saline solution. The sperm suspension 

\-jas then filtered through silken cloth to remove the 

debris and the filtrate collected into a gradiiated tvibe 

was added with more saline solution to make the volvmie 8 

ml* After the final dilution drops of sperm suspension 

was put in the chambers of a Neubauer haemocytometer slide. 

The nuntoer of sperms in each of the five charribers of the 

slide was counted and five stjch separate readings were 

taken» ^ Q mean niwiber of the five counts in 25 squares 

was determined which formed the mean nijniber 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 s 

The study was conducted at 18 intervals between 10 

mln 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 show 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 +, 0*34 

and 26,72 + 0.71 (Table 10). Ihe 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 

file:///-jas
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fo\and. In the treated line the average count ranged 

between 3.00 + 0»32 and 20.40 + 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 

intejTvals but in the same individual, it was nob so wide , 

Ihe maximum difference was fo\ind 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 betv;een 11.78 +. 0.76 and 25.82 + 0.48 

(Table 10)* A comparison of the data betweea treated and 

control specimens showed that the difference was 

statistically significant at various level. Therefore, the 

present data (Table 10 and Graph 5) shotî ed the significant 

decrease in the sperm count in all the fixation intexrvals 

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 depltetion effect 

for the treatment of the Pseudomonas in the parental 

generation but it was also seen in F^ and Pg generation 

(vide infra). 

Sperm head morphology 

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 v;hile the study of sperm cotint and 



Table 10 

Mean nxamber of sperms in the Epldidymes on control and log cultiire of P» aeruginosa treated 
male mice. Control data are in brackets (used 3 indv./per interval in both control and treated 
series) 

Fix.time Ri^t epldidymes Left epldidymes Right and left combined 
(Mean value ± S.E.) jMean value + S.E.) * (Mean value ^ S.E.) 

10 min 13.08 + 0.34(19.02 + 0o5l)^ 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(l9.28 + 0.45)^ 

4 hr 15.26 + 0.45(20.36 + 0.71)^ 20.40 ± 0.16(20.68 + 0.48)® 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)^ 

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 + 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(15.98 + 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)^ 3.34 + 0.57(11.45 j+ 0.45)® 6.31 + 0.58(12.64 + 0.40^^ 

2nd wk 4.26 + 0.46(11.89 + 0.34)® 3.00 + 0.32(11.06 ̂  0.32)® 3.68 + 0.40(ll..82 + 0.76)^ 

3rd wk 5.78 + 0,58(15.20 X 0.53)® 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 ± 0.64(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)^ 11,10 + 0.53(16.33 + 0.85)^ 

a = P<0.01, b = P-C0,02, c = P^CO.OOl, d = P<:0,05, e = P> 0.05 CD 
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sperm head morphology was simple. The sperm depletion 

effect for the treatment of the log-culttore of £. 

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 ̂ C-chromosome 

(Hugenholtz and Bruce, 1977) beside sex-linked factor, 

autosomal factors like "T" locvis alleles (Bennett, 1975), 

hopesterile (Johnson and Hirnt, 1971), pink-eye 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 

iTKjrphology 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 moxise-had more abnormal 

head morphology than that of successive one (Rrazanowska, 

1972). The elevated temperatxire 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 irorphology and the maximum effect 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 ̂ , aureus, ̂ . lutea and Aspergillus 

fumiqatus etc» in our laboratory. 

Ihe present study would also add the effect on sperm 

head morphology in male mice treated with £. aeruginosa 

culture. 

Method : 

The epididymal sperm suspension prepared for the 

sperm depletion study in the control and Pseudonpn^as 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 

again dried in air. The slides were then ready for the 

study of the sperm head morphology. In agch specimen of 

control and treated series, the number of sperms with 

abnormal head morphology was determined from 600 sperms 

per Indivldtial and the frequency in 18 different. Intezrvals 

between 10 min and 7th week was determined in 3 specimens -

at each interval. 
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Results and Comments t 

Ihe 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, Ihe data ̂ -/ould 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). Ihe 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 nxxniber of sperms with abnormal head 

morphology out of 1800 sperms of three indlvid\ials at each 

interval was considered (Table 12, Graphs 6), in the 

control line the ntirriber ranged between 4 (2nd week) and 

60 (7th week) while in the Pseudomonas cultxxre treated 

individuals, it ranged widely between 22 (10 min) and 504 

(6th week) Indicating that the treatment induced much 

higher frequency of sperms with abnormal head nrarphology. 

The mean-frequency sperms with abnormal head morphology 

betxveen 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 



Explanation o£ Photemieroctfaphs 

Photomicrgaphs showing normal and abnormal sperm head 

morphology In P. aeruginosa treated mice» 

PM 34a, Normal sperm head, 

PM 3^«.j, l>tfferent types of abnormal sperm head 

morphologyt 
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Table 11 

Number of sperms with abnormal head in 600 sperms examined 

in each of 3 specimens at each interval of control and log 

culture of P, aeruginosa injected male mice. 

Abnormalities Abnormalities Abnormalities 
Treated Control Treated Ckjntrol 
No, No, Noi No, 

10 min 48 hr 

5 

10 

7 

19 

23 

21 

8 

3 

6 

1 hr 

3 

6 

5 

18 

20 

19 

17 

20 

28 

16 
31 
24 

37 
31 
34 

4 hr 

8 hr 

24 hr 

3 

S 

4 

2 

5 

4 

7 
10 
9 

7 
10 
9 

53 

59 

56 

72 

64 

62 

63 

hr 

5 

8 

6 

6 

10 

8 

2 hr 96 hr 

53 

72 

64 

120 hr 

70 

76 

73 

144 hr 
35 
89 
42 

18 

6 

12 

9 

18 

14 

7 
11 
9 

1st weelc 

43 
22 
33 

8 
7 
7 

Treated 
No, 

40 

71 

55 

85 

87 

12 

101 

120 

85 

225 

105 

165 

191 
145 
168 

230 
40 
145 

2nd 

3rd 

4th 

5th 

6th 

7th 

Control 
No. 

week 

0 

2 

2 • 

week 

13 

9 

7 

week 

6 

10 

6 

week 

14 

11 

12 

week 
3 
9 
6 

week 

20 
20 
20 
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abnormal head morphology. F\irther, 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 v/ere not equally 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 san5>les studied at different 18 intervals 
(control data in brackets) 

Fix. Total No.of 
abn.sperm head 

Mean frequency of abn.sperm 
heacVindividual i S.E. 

% Remarks 

10 min 

1 hi' 

2 hr 

4 hr 

8 hr 

24 hr 

48 hr 

72 hr 

96 hr 

120 hr 

144 hr 

1st v;k 

2nd wk 

3rd wk 

4th V7k 

5th wk 

6th wk 

7th wk 

Total 

22< 17) 

63 ( 14) 

57< 12) 

65( 13) 

71( 26) 

102( 26) 

168( 21) 

189( 24) 

189( 36) 

219( 51) 

216( 27) 

98( 22> 

166< 4) 

184< 29) 

306< 22) 

495( 37) 

504< 18) 

405( 60) 

3519(459) 

7.33 + 1.44( 5.66 + 1.44) 

21.00 ± 1.15(4.66 ± 0,87) 

19.00 + 0.57( 4.00 + 0.57) 

21.66 + 3.27(3.66 + 0.87) 

23.66 + 4*33 ( 8.66 + 0..87) 

34*00 + 1,73( 8i66 + 0.87) 

56.00 + li73( 6.33 + 0.88) 

63.00 + 0.57( 8«00 + 1.15) 

63*00 + 5i50(12i00 ± 3*46) 

73.00 + 1*73(13,66 + 2.59,) 

55*33 +16i95( 9.00 + 1.15) 

32.66 + 6*06( 7*33 + 0*32) 

55,33 j: 8*94( 1,33 + 04,66) 

61*33 4̂ 24*67( 9.66 1 1''76) 

102,00 +10.11< 7,33 + 1.32) 

165,00 +42,06(12.33 + 0,87) 

168,00 (113,27( 6*00 + 1.73) 

135,00 +54,84(20,00 + 0.00) 

1.22(0.94) 

3.50(0.77) 

3*16(1.50) 

3.60(0.72) 

3.90(1.44) 

5.66(1,44) 

9.33(1*16) 

10.5 (1.33) 

10.5 (2.00) 

12.16(2.83) 

12.00(1.50) 

5.44(1.22) 

9.22(0*22) 

10.22(1.61) 

17.00(1.22) 

27,50(2,05) 

28,00(1,00) 

22.50(3.33) 

P> 0,05 
P< 0,01 
P< 0,01 
P< 0,05 
P> 0*05 
P< 0,01 
P< 0*01 
P< 0,001 
P<0.02 
P<0 .01 
P>0 .05 
P<0 ,05 
P<0*02 
P> 0*05 
P<0 ,01 
P< 0.05 
P<0 ,01 
P>0 .05 

en 

64,22 + 7,33 ( 8,24 + 0,64) 32.58(4 .25) P<0.001 
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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 foxind 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 DjTug administration (Tuchmann-Duplessis H., 1972) 

suggested some protocol for screening the teratogenic drugs. 

Spyker and Smithberg (1971 and 1972) studied the effect of 

Methylmercxiry on prenatal and post*natal development in mice, 

Fuykta etal. (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 Methylmercxoric chloride in mice usJLng Tiopronin. 

Recently Dennis et al* (1983) evaluated the teratogenic 

and cytogenetic effect of Methylmercxiric 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 v/orkers (<3reenberg et 

al,, 1957; Holowach et al., 1957; Hill et al,, 1958r 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 bacteri\am,x _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. 
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Effect on Testis s 

Yoxing male mice were injected vrith the standard dose 

of the log-culture of the bacterium, P. aeruginosa and their 

testes were fij:ed in Bouin 's fixative at the end of the 1st 

week, 2nd week, 3rd week,. 4th week, 5th week, 6th week and 

7th weekr ^ e testes of nutrient broth injected males fixed 

at the corresponding intervals served as controls, Ihe 

histological section of the testis of both control and treated 

specimens were cut 6 micra thick and the slides were stained 

with Haematoxilin-^sini^ stain and finally mounted in DPX 

after following the dehydration procedure. 

Observations : 

Control series s 

The histological sections of the testis of control 

specimens fixed at 1st to 7th week did not show much 

difference from the norraal structxjre (PM 35-36). Thus a 

general description has been presented. The histological 

study showed that the epithelixara of the seminiferous 

ttibules was regular and continuous having nvunerous 

spermatogonial and spermatocytes ' (PM 35-36) arranged 

linearly within the wall of the tvibules. Within each 

tubule the lumen occupied considerable area and was filled 

with spermatozoa. Ihe seminiferous txibules were connected 

with one another by the cementing material but in some area 

it was not seen. The matrix in betv/een the seminiferous 

tiibules at the pheripheral part was properly seen and it 

boxmded the seminiferous tubules together. In the central 

part the binding materials were not clearly detected. 



EscDlanation of Bfaotemicrographs 

Photoiaicrograph of T^S. of testis showing different 

normal structure in niatrient broth (control) treated 

male mice 

PM 35* Hormal section of testis iCa X 2Q0)i 

PM 36i Magnified view of normal section of testi$ 

showing the normal structures of the 

folUcule (Ga X 700)* 
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Treat'Sd series i 

The histological sections of testis of treated 

specimens shoved some changes (W4 37^ir) as compared to 

that of the control specimens (EM 35-^36), 

1st week I 

The histological sections of the testis fixed 

in the 1st week after treatment showed that the 

epithelium of the seminiferous tubules vras wavy and at 

some places it was discontinuoxis (H4 37-38). The 

spermatogonia inside the seminiferous tubules appeared 

disorganised and not so compact and contained some pycnotic 

nuclei (|M 39-41)^ The lumen of the tubules Was narrow and 

in the peripheral part of the testis the. seminiferous 

'ttibules remained compact and the matrix disihtegratedi, The 

central area of the tubule was different from normal and 

the nuniber of sperms and sperrnatids in the lumen was scanty. 

Therefore^ the treatment of the log culture of Pji: aeruginosa 

caused some aijnorma lities in the testis fixed in the Ist week 

after the treatment with regard to the orientation and 

functioning of the seminiferous tubules. The production 

of sperms appeared depleted and the occurrence of the 

pycnotic nuclei indicated some degeneration of cells, 

T̂ ie general features of the seminiferous txabules appeared 

different from control. All these indicated the changes 

at the end of the 1st week after the treatment of the 

bacterium* 
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2nd week t 

The histological examination of the testis of the 

treated male fixed at the end of the 2nd week also showed 

that the seminiferoxas tiobules were thin and wavy (PM 37), 

the lumen of the tubules was narrow. The tubules v/ere 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)• 

Iherefore, the effect of the bacterial treatment continued 

and increased as compared to the section of testis of 1st 

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, 

Ihe spermatogonia and spermatids were scattered and scanty 

and the dividing cells were not seen. Many vacuolations 

were observed within the ttibules and within the cell ijLning 

(PM 39-41 and 45), Many spermatids showed pycnotic nuclei. 

Some tubules were empty situated in the periphery and also 

in the center. Ihe tunica albuginea of the testis showed 

wavy outline, therefore, in the 3rd week the effect was 

more than that of earlier vjeeks. 



100 

4th week a 

Tlie histological examination of the testis fixed 

in the 4th week after treatment revealed that the epitheliiim 

of the seminiferous tiobules remained undulated with the 

lumen showing more space and containing dead spermatids 

and fragmented cells (HVI 44), Ihe spermatocyte cells were 

not compact. The cells in division were very rare and the 

seminiferous txjbules near the epithelium of the testis were 

disorganised and Itimen of the tubules were narrow (PM 42). 

Ihe tunica albuginea remained undulated, Therefore, in the 

4th week# many abnormalities like narrow lumen, absence of 

dividing cells, occurrence of dead cells indicated clearly 

that the effect of the bacterium was still there, 

5th week : 

The histological structure of the testis of treated 

male fixed in the 5th week after treatment also maintained 

the abnormalities foxrnd in the section of the 4th week showing 

undulating epithelium of the ttobules. The lumen in the 

tubules of the central part was normal but in the peripheral 

part, it was still narrow. Spermatids were foxind within 

the lumen of the tvibules and many of "them were pycnotic. 

Some dividing cells were present.. The covering of the 

t0al:is appeared vravy, Therefore, the section showed some 

part regaining normal histology, witnessed for the 

occturrence of the number of spermatids within the Iximen. 

Hov;ever, 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 wee)g : 

ihe histological section of the testis of the 

treated male fixed on 6th week after the treatment showed 

nore regularication and recovery i.e. the effect of the 

bacteritim was reduced. The epithelium of the txibule was 

regular and normal, ^ e 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 nvcnber of 

dividing cells in the tubules and weak pattern of their 

orientation would indicate that the effects of the bacterivjm 

were still persisting to some extent, 

7th week s 

The histological section of testis of the treated 

male fixed on 7th week indicated more normal appearance than 

that of 6th week. This v/as indicated by the appearance of 

the epithelixim of the tubules mostly normal, lumen large 

with many spermatids. Spermatogonia! and spermatocyte cells 

arranged in the normal fashion and so on. However, there 

were many dividing cells but some were with pycnotic nuclei. 

The tubules of the peripheral area showed abnommallties by 

their irregular outlines and some cells with vacuoles (PM' 

43), therefore, with the lapse of time the effect of the 

treatment of the bacterial cultxire was practically removed with 

little effect left and the tissue structures appeared 

mostly in normal condition. 



Explanation of Photomidjrographs 

T;s, of testes showing different abnorî ialitles in log 

culttire of bacterium. P.. aeruginosa treated male mice. 

PM 37, Epithelium (Tunica albuginea) is thin and wavy 

(X 70). 

PM 38. Epithelium (Tunica albuginea) is not uniform 

and with some vacuoles (X 70). 

PM 39. One tubules withotit lumen and some vaciioles. 

Other txibxiles with lumen but without 

spermatozoa and the cells within the tubules 

are not linearly arranged with many vacuoles (Ca, 

X 70). 





Explanation of Photomicroqrat)h 

T.S, of testis showing different abnormalities in 

log culture of bacterium, P* aeruginosa treated male mice 

PM 40« Tubules with many vacuoles and Ixatien without 

spermatozoa (X 280.) 

PM 41. Cells within the ttJbules are not linearly arranged 

large vacuolation and tubules without spermatozoa. 

PM 42. Cells of the tubules are disorganised; no dividing 

cells in the ttibules and the lumen of the tubules 

without spermatozoa (X 700) .̂  

PM 43• No dividing cells within the tubules and some 

cells are "vaciKslated, Limen without spermatozoa 

<X 700). 

PM 44. No dividing cells within the tubules and large 

lumen with few spermatozoa. 

PM 45* No dividing cells within the tubules and many 

vacuolation within the cell lining. 
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Remarks s 

The agent responsible for bringing the change in 

the histological stxircture of the testis is yet to be taiown 

very definitely btit in all probability it could be the toxin 

liberated by the bacteria. Anyhow, due to the effects of 

the bacterial agent the Iximan 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 v/lth the 

lapse of time after treatment. However, similar studies carried 

out in Fĵ  and F^ generation showed some effect\/(vide infra) 

which mi^t suggest some form of genet leal involvements. The 

changes foxmd In the structxires of the testis In treated 

males definitely had an effect on the fertility of the males 

because in oiir study of the lethal effect VTQ failed to 

obtain a good number of fertilised females when Pseudomonas 

treated males were mated to those virgin females in different 

weeks (vide infra). 

Effect on ovary t 

Since the teratogenic effect concerns more with the 

prenatal and post-natal manifestations of aorcm inducing 

agents, the effect of £• aeruginosa on ovary of treated 

female mice xî s also examined histologically. 

^ e yoimg female mice were injected intraperitoneally 

with the standard dose of the log-cultxire of P. aeruginosa 

(1 rol/100 gm body weight) against nutrient broth injected 

controls,' Ihe ovaries of the control 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-Eosin and mounted permanently 

in DPX after following the standard dehydration procedure. 

Observations 

Control series : 

Ihe histological sections of the ovary of the control 

mice fixed in different weeks did not shov; 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 nxarse 

cells were compact around the ovxam;- The nucleus was large 

and prominent, the connective tissue was compact, blood 

vessels filled with large nuittoer of corpuscles. Since in the 

histological section of the ovary of control specimens 

fdLxed in different weeks did not show much difference, 

their structures have been described only once here. 

Treated series s 

lat week : 

The histological sections of the ovary of treated 

females fixed at the end of the 1st week after the treatment 

showed that the ovarian epitheliiim was continuous with 

some slightly disrupted area liasji-irg a number of vacuoles 

(EM 47). The number of mature ova was not many, some 

showing disorganised nucleus (PM 47) and the cytoplasm with 



Evplanation of Photomicrocfraph 

Photomicrograph of T.S. of ovary showing different 

abaormalities in log culture of P.- aeruginosa, treated 

female micQv 

ptl 46. A noamial section of the ovary (X 70). 

PM 47, Many vaĉ loles within the ov,ary (X 70). 

FM 48, 49. Degenerating cells with many vacuoles and neetotlc 

cells (X 140 and 6 700). 
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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 structxire within a week as fo\ind in the testes of 

male. In female, the treatment interrupted the maturation 

of oviHti along with the disintegration in different areas 

of the ovary like connective tissue, blood vessles etc. 

and there v/ere indications of good number of cell death. 

2nd week i 

In the 2nd week after the treatment, the ovaxry 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 v/ith 

reduced diameter, follicular and nurse cells scanty 

leavJLng empty space and vacuolation, connective tissue 

disorganised and appearance of many vacuoles. Some dead 

and pycnotic cells were fo\ind in connective tissue and 

biood vessels underwent fxirther reduction with less number 

of corpuscles. Therefore, in the 2nd week after the treatment 

of the bacterium the ovarian structvires showed more 

pronounced effect than that of 1st week. 

3rd vieeM t 

The histological sections of the ovary of the 

Psetidomonas treated female fixed on the 3rd week showed that 
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the effect was retained. Ihe epithelium was thin and 

vacxiolated in many areas, maturing follicules were not 

very many, cytoplasm of some of them was vacuolated and 

granular, the nucleus was disorganised, large 

perevitelllne space appeared within and the follicular 

cells (PM 48, 49 and 51,52), The niirse cells were not 

coitpact (EM 53) • The vacuolation was observed in the 

connective tissue which was loose and disorganized. The 

blood vessels were less in nuinber. Some were very thin and 

contained cytolised R.B.C. Therefore, the histological 

section of the ovary of 3rd week shov/ed that the effect 

was more related to maturing eggs and the connective 

tissue v^ich were likely to aiSfect the fertilization. 

4th week t 

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 

appeared more or less like that of control ovary. Ihe 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 ntirse cells aro\and the ovum maintained a 

disorganised and loose arran'gement • 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 pictvire revealed that the maximum 

effect v;as reached on 3rd week after treatment which was 

reduced to some extent in the 4th week. 
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5th week : 

Ttie 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 shov/ing 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 thou^ occasionally empty spaces were still 

present^ The connective itssue showed some vacioolation 

though mostly it was like that of the control. The blood 

vessels contained good nvirriber of corpuscles therefore, the 

effect of the bacterial toxin was reduced in comparison to 

that of 4th week. 

6th week s 

The histological sections of the ovary of Pseudomonas 

treated females in the 6th v;eek appeared more like normal 

except for the occurrence of the large peritlvelline space, 

disorganised nuclexos (PM 52-54 and 56-63) and also sli^tly 

disorganised nurse and follicular "cells. Therefore, the 

effect of the bacteria was fxirther reduced as compared to 

that of 5th week, 

7th week : 

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 



Explanation of Photomicrocrraph 

Photomicrograph of T.S, of ovary showing secondairy 

follicules with different abnormalities in log 

ctilture of P* aeruginosa treated female* 

PM 50, A normal secondary folliclei 

PM.51, Vacuolatlon within the cytoplasm, 

PM 52. Large perlvitelline space with granular cytoplasm* 

FM 53, a?wD nucleoli within a nucleus, 

EM 544 Fragmented nucleoli v/ithln a nuclexis. 





Explanation of Photomicrocfraph 

Photomicrograph of T^S, of ovary showing different 

types of abnormalities in raaturing/graafian follicle in 

log culture of P, aeruginosa treated female mice. 

PM 55* Normal maturing follicule (X 700)• 

PM 56, 57. Graafian follicles showing large perivitelline 

space (X 700). 

PM 58* Matxiring follicle showing degenerative 

nucleolus and disrupted follicular cell lining* 





Explanation of Photomicroargph 

Photomicrographs of T*S, of ovary showing different 

types of abnormalities in maturing or Graafian follicles 

in log-cultture of bacterium, £• aeruginosa treated female 

mice. 

PM 59, a graafian follicle showing tTso prominent 

micro-nucleoli (X 700), 

PM 60. A Graafian follicle showing three prominent 

micro-nueleoli (X 700), 

PM 61. A Graafian follicle showing four prominent micro, 

nuceloli (X 700). 

IM 62. A Graafian follicle showing two large niicleoli 

wit!̂ gL̂  -annoc leus • 





Explanation of PhotomicroqraT^ 

Photomicrograph of T,S, of ovajry showing different types 

of abnormalities in maturing follicles in log-culture 

of bacterium, P« aeruginosa treated female mice. 

PM o3. Maturing follicle showing degenerative nucleolus, 

PM 64, Graafian follicle showing a large nxxcleolus and 

micronucleoltis • 

PM 65o A secondary follicle showing degenerative nucleolxis^ 

^th a large perivitelline space. 
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effect was seen to be restricted within the nucletos and 

perivilelline space in some eggs, Therefore, on the 7th 

week after treatment of the bacterial agent had psactically 

no effect except in some nuclei, 

15th week » 

With a view to finding out the duration of the 

histological changes after the treatment of the bacterium, 

Pseudomonas •» the ovary of some tjreated females was fixed 

at 15th week after the treatment, sectioned and stained. 

The effect in 15th v;eek was very negligible as on- 7th week. 

% e histological structure of the ovary of the treated 

female in 15th week was very much like that of control. 

Remarks ? 

Ihe examination of the sections of ovary of the 

nutrient broth showed no effect on the histological structure 

while the treatment of log-culture of ̂ . aeruginosa had some 

effect beginning from 1st 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. Ihe 

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 fo\ind in the section of 

ovaries of females of P- and Pg generation in treated lines 
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would perhaps suggest that bacterial product was genotoxic 

and not only the toxic one. 

Effect on utertis : 

The histological changes have been considered as a 

protocol for testing mutagenic property of an agent 

(Tuchmann-Ouplessia, H,, 1972),. Recently Bal- (1984) 

showed the histological changes in the reproductive system 

of" rat after treating them v/ith 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 is important in mammalian reproduction 

arid development of embryos. 

Method : 

While fixing the ovary, the uterus of the same female 

which was Injected with nutrient broth as control and log-

cultiire of Pseudomonas as treated one was removed 

separately from 1st week to 7th week. The uterus was fixed 

in Bouin's solution and transverse sections were cut at 6 

raicra thick and the sections were stained in Haematoxiline-

Eosin stain and mounted in DPX, 

Observations « 

Sontrol : 

Ihe 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 

weelcs. The general histological structiure showed that 

lumen \ms small, regular and the epithelium was continuous 

v/ith no villi projected into the lumen* The connective 

tissue was compact with large n\mA)er of blood vessels; 

fibroblasts were many and compact towards the muscular 

zone. The musciilar coat was thick and contintioxis (PM 66,67). 

Treated series i 

1st week i 

The histological section of titerus of P, aeruginosa 

treated female showed that the lumen was narrow, the number 

of villi increased and some of them branched into a nxunber 

of svib̂ villi (PM 68), the uterine epithelium was vacuolated, 

the connective tissue was weak with a number of vacuoles, 

the number of fibroblasts and blood vessels was also decreased 

and a number of vacuoles was observed in the connective 

tissue area (PM 70, 72), The mitiscular coat showing muscular 

bundles displaced (EM 73), TOierefore, like the ovary, the 

uterine struc-ttires also showed histological changes for the 

treatment of the bacterium even on the 1st week* 

2nd weelc j 

The histological section of the uterus in 2nd week 

after treatment showed that the uterine epithelium was thin, 

villi were further vacxiolated (PM 69), the nuitiber of blood 

vessels and the connective tissue was fiurther disorganised showing 

vacuolation (PM 73),the muscular coat though appeared normal like 



Explanation of Phot^micgooraph 

T,S. of uterus showing normal structxare of the uterus 

in control females* 

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

PM 67. Ltxmen of uterus showing normal structxire 

of the epithelial layer (X 700). 
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that of 1st week but the tissue V7as disorganised and lost 'th® ̂ O" 

inpacti?es£r('fM:cT-2̂ , Therefore, the bacterial product had its 

effect more in the 2nd week which was on the increase, 

3rd week 

The histological sections of the uterxis after 3rd 

week of treatment showed that the effect in some structxxres 

was on the increase., The thin villi projected into luman 

and the number of vacuoles in the uterine epithelium were 

decreased* On the other hand the connective tissue was 

continuoxis, the number of blood vessels was increased,, 

but bi©od vesseJLs and the organisation of mtiscular layer ̂ ^̂ re not 

'.normalU ̂ JPMrTUX'. Therefore, the effect of the bacteria in 

the uter.us was of mixed nature, increased in some structures 

and reduced in others. 

4th v;eek s 

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 liomen 

of the uterus*, the epithelitim was continuous. The number 

of vacuoles was decreased but the niirriber of blood vessels 

was increased,^ the connective tissue showing some vacuolation, 

the muscular layer appeared more or less normal. Therefore, 

from the 4th week some structxires v/ere reverting to normal 

appearance and som,e structure showed the continued effect. 



Explanation of Photomicrographs 

T.S, of uterus shov/ing different abnormalities in log 

culture of P, aeruginosa treated female mice 

PM 68, Iitimen shovdng highly wavy structure of the 

epithelium <X 70), 

PM 69, A villi of a lumen showing vacuolation and 

cells discentigration (X 709l. 

PM 70. Manv vacuolatlon within the endometrium. 





Explanation of Photomicrograph 

T,S, of uterus showing differ^at abnormalities in 

log cultxire of P. aeruginosa treated f̂ ntiale. 

PM 71, Disorganized cellular arrangement and necrotic 

cells in perirnetritun layer, 

PM 72* Large vacuolatlon xî ithin the endometrixxm and 

perimetrixiro layer, 

PM 73, Many nedrotlc cells with disorganized cellular 

layer in perimetrium. 





Ill 

5th and 6th week^ i 

The examination of the histological section of 

uterus of the treated specimens of 5th and 6th v;eek did 

not show much difference from that of Sth week. The 

tendency of the structures recovering to normal pattern 

was continued. 

7th week t 

The histological section of uterus in 7th week showed 

very little difference from that of control as the uterine 

Itimen 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 ntimber of villi decreased, vacuoles were reduced, 

connective tissue and blood vessels appearing normal and 

the mxiscular layer"̂  was continuous. 

Remarks t 

The present study showed that bacterial cultiire had 

detrimental effect on the uterus causing changes in the 

epithelium as the target. The cells were vacxiolated and the 



112 

epithelia were projected the Iximen along with certain other 

changes but this effect did not last long. By the fifth v/eek 

most of the structures appeared normal. Therefore, the 

log culture of Pseudomonas appeared to be toxic if not 

genotoxic to testis, ovary and uterus. 

General comments on Chapter I i 

The chromosome breaking effect of the log culture, 

isolated bacteria suspended in saline, and the log culttire 

filtrate of ?• aeruginosa in bone marrow cells of treated 

mice fixed at various intervals were shown earlier from our 

laboratory (iDey, 1980)* The present author therefore, not 

only checked if the results were repeatable by examining the 

bone marrov/ chromosome aberrations of mice treated with the 

log cultixre 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 pxirpose of examining the bone marrow chromosome 

aberrations in treated specimens' from 1st week to 7th week 

was to see if the treated males which were used in mating 

programme for lethal test (vide infra) had aberrations in 

somatic cell v;hile mating. 

The clastogenic effect of the bacterium was fiirther 

substantiated by the MNT which showed positive effect 

discussed before. The MNT showed that the effect was 

relatively sevemthan 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 micronuclei 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 spermatogonia! metaphase, diakinesis, metaphase 

I and metaphase II in materilas fixed at 18 different 

intervals from 10 rain and 7th vieeyi which showed hi^er 

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 chronrasomes of the males germinal cells at 

different intervals. The occixrrence of the germinal chromosome 

aberration foijnd in the present study also iit̂ lied that the 

effect could be transmitted to the next generation. 

The effect in the germinal cells was found positive 

not only in chi'omosomes but also in the gametes produced due 

to the effect fin 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 nvirribers of 

spernis' was reduced. Among different stages according to 

time table of apermatogenesis and spermiogenesis, 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 thiis may have caused the production of higher 

number of sperra with abnormal head morphology. If these 

had the chanfee of fertilization, there was a possibility 

for the production of abnormal embryos. However, many 

of them very likely v;ould loose the potentiality of 

fertilization. It was also mentioned that varioxis others 

mutagens both chemical and living ones, besides the effect 

of JP. aeruginosa presented here had the similar effect* 

Ihe study of the histological changes in testis, 

ovary and uterus of specin^ns treated with log culture of 

Pseudomonas also s\ipported the genotoxic effect of the 

bacterium. All these evidences favoured reasonably the 

bacteritam, £. aeruginosa which has been further confirmed 

by the generation study presented in the following chapters. 
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CHAPTER II 

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 J 

Lethal test in rodents specially in mice by 

evaluating the pre- and post-implanatatlon loss was 

advocated by two pioneer worlcers, Hertwick (1935) and 

Snell (1935) (in the same year). This v̂ as further 

elaborated and extended by several xvorkers using X-ray 

and chemical agents (Epstein and Shafner, 1968; Rohrbom, 

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-implantation loss dviring late gestation \>?hich 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 parent mated to virgin 

females (vide infra), Ihe 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. 

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) in F, generation 

after mating P- individuals of the treated line, Ihis 

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

Method s 

About 3 month old male mice were intraperitoneally 

injected v/ith the log culture of P. aerucfinosa at the rate 

of 1 ml/100 gm body weight. They were then allowed to ra^te 

in a cage putting one treated male per tluree normal virgin 

females, The same male was used consecutively from 1st week 

to 7th week to mate with different sets of normal virgin 

females to cover the time-period of differentiated 

spermatogonia to the formation of matvire sperms and 

transferred to the epidldymes (see Adler^ 1982)•. In 

practice 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 1st week, the same .male was 

transferred to another set of 3 normal virgin females. In 

this way the same male vras 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 fehe was 

sacrificed to determine the lethal effect if any following 

the method of Scares (1972). Hovirever, th^ 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 v;hich were pregnant both in 

treated and control series have been presented and the 

dearth of data could not be avoided in spite of oxir 

sincere efforts of using 7 treated males to mate v/ith 21 

normal virgin females in each week for 7 weeks via. a 

total of 147 females were deployed. 

The determination 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 implants were known from the scar mark left by 

atrophied embryo against conspicuously grown living 

implants. For determining the number of living and dead 

In^lants at tJie end of weaning period after partiurition the 

pregnant mother was sacrificed and the uterus was exposed by 

giving a longitudinal incision. The pinkish well vascularised 

scar mark represented the living implant while somewhat 

whitish less vascular scar mark represented the dead implant 

(Scares, 1972), The mutation rate (lethal hit) per gamate 

was determined by the post-implantation study according to 

the following formula. 

Percentage of dominant lethals = 

* living implants per pregnant female in treated 
S2U2 X 100 

living Inplants per pregnant female in control 
group 

Mutagenlclnaex = Zitl Nof of^^^^g ^°°-
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parturition v;hlch yielded a total of 28 implants but 

none was dead. In the 5th xveex 4 males were mated to 12 

females of which only 2 were pr§gnant. Both of them were 

sacrificed dviring gestation which yielded only 11 Implants 

but none was dead. In the 6th week also 4 males mated to 

12 females v^ich yielded 2 pregnant females. They were 

sacrificed during gestation which yielded 14 inplants and 

onev; vras dead,, At the 7th v/eek, 4 control males were mated 

to 12 virgin females which yielded also 2 pregnant fenales. 

They were sacrificed at late gestation. They had a total of 

16 implants but none vjaa dead (Table 13), T^e 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 

causing 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 cultture of P. aeruginosa were allowed to mate with 

21 virgin females in different sets but had only 1 pregnant 

female vrtiich v/as sacrificed after partxirition because the P^ 

Individuals were to be used for the study of P- generation. 

The pregnant female had a total of 5 implants, 3 living 

and 2 dead. The same 7 treated males were mated to 21 virgin 

females in the 2nd x̂ reek. This yielded to 4 pregnant females 

of which 2 were sacrificed diuring gestation and 2 after 

parturition, Ihere were 24 implants of which 18 were living 

and 6 were dead. In the 3rd week the same 7 treated males 

v/ere mated to different set of 21 females which yielded only 
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3 pregnant females of which 2 v/ere 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 same 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 partiarltion^ They yielded 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 \meh, the mating of the same 7 treated males with 

21 virgin females yielded only 1 pregnant female which was 

sacrificed dioring gestation. There were 8 Implants, all 

alive and none was dead. 

The present data (Table 13) showed that the nxanber 

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 nvmtoer of dead inrplants was nil to 1 in the 

control series while it ranged betv;een 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 tlie higher infertility developed possibly for 

the treatment with the log culture in the treated series 
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Table 131 

Data of lethal test at 15th day gestation and after blr€h in 

different mother mated to control and log cultixre P, aeruginosa 

treated male parents in different week (Per experiment 1 male and 

3 females have been used) 

Week No,of No.of No.of At Total No. No,of No,of 
fem,all- preg, mother & iinpl, L,I, D,I, 
ox-jed for fern, 
meeting 

Control 

1 

2 

3 

Ges 

Ges 

A.B. 

7 

9 

5 

7 

9 

5 

Total 9 3 3 21 21 

1st 
Treated 

21 1 1 A,B. 

%tal 21 

2nd , Control 

12 

1 

2 

3 

4 

Ges 

Ges 

A . B . 

A .B , . 

5 

6 

6 

7 

5 

6 

6 

6 

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

WeeJc No.of fem. No.of No,of At 
allowed for preg. mother 
meeting fem. 

Total No. No.of No.of 
& In^l. L.I, D.I. 

2nd 
Treated 

21 

1 

2 

3 

4 

Ges 

Ges 

A.B. 

A,B. 

8 

6 

6 

4 

5 

5 

5 

3 

3 

1 

1 

1 

Total 21 24 18 

3rd 

12 

1 

2 

3 

Control 
Ges 
Ges 

A.B. 

5 

7 

5 

5 

7 

5 

s» 

Total 12 17 17 

21 

1 

2 

3 

Treated 
Ges 

Ges 

A.B. 

9 

8 

5 

7 

7 

3 

2 

1 

2 

Total 21 22 17 

4th 

12 4 

1 

2 

3 

4 

Control 

Ges 

Ges 

A.B. 

A.B. 

7 

8 

6 

7 

7 

8 

6 

7 

Ibtal 12 28 28 
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Table 13 (Contd.) 

Week No.of fem. No,of No.of At Total No. No.of No.of 
allowed for preg. mother St impl. B.I. D,I. 
mating fem. 

4th Treated 

21 

5th 

1 

2 

3 

4 

Ges 

Ges 

A.B. 

A.B. 

9 

9 

4 

9 

7 

9 

4 

2 

Total 

Ibtal 

21 

12 

12 

4 

2 

2 

4 

Control 
1 Ges 
2 Ges 

2 

31 

6 

5 

11 

22 

6 

5 

11 

9 

-

-

Treated 

21 Not a single female;; v/as Impregnated 

6th 

12 

Total 12 

21 

7th 

12 

Total 12 

21 

Total 21 

Not 

• 2 

2 

a single 

2 

2 

1 

1 

Control 
1 Ges 
2 Ges 
2 
Treated 
female,J v/as 

Control 

1 Ges 
2 Ges 
2 

Treated 
1 Ges 

1 

7 
7 

14 

impregnated 

11 
5 

16 

8 

8 

7 
6 
13 

11 
5 

16 

8 

8 

1 

1 

-

-

-

-
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and to some extent the injection of nutrient broth in the 

control series. Ihus there were 30.56% fertile females 

in the control series and 8.84% in the treated series. If 

the injaection of nutrient broth had affected the fejrtility 

in comparison to that of normal was not verified critically 

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 v/hole the significantly higher frequency 

of 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 

partTirition tvere analysed separatel^^ it had little value 

becaxise the data were very limited, Therefore, data of 

the both gestation and afiter parturition were coiriblned. 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 v/eek 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 \^s no question of comparing the 

data of 5th and 6th week as no pregnant female v/as foiind in 

the treated series. In control series, there was no dead 

implants in 5th week, 7.14% in the 6th week and absent in 

7th week. If the data of all the weeks were cornbined to 

have a larger sample, there would be 22 dead in a total of 



Compiled data of lethal tests of 

different mothers mated with com 

Control data are in brackets. 

Mother 
mated 
with 
male in 

1st wk 

Total 

2nd wk 

Total 

3rd wk 

Total 

4thwk 

Total 

5th wk 

Total 

6th wk 

Total 

7th vjk 

Total 

Time 

Ges 

A.B. 

Ges+AB 

Ges 

AB 

Ges+ZB 

Ges 

AB 

Ges+AB 

Ges 

AB 

Ges+AB 

Ges 

AB 

Ges+AB 

Ges 

AB 

Ges+AB 

Ges 

AB 

Ges+AB 

Grand total 

No, of 
mother 
tested 

^ ( 

K 

l( 

2( 

2( 

4l 

2{ 

K 
3< 

2( 

2( 

4( 

^ ( 

«» V 

-( 

-( 

-( 

-( 

1( 

-( 

1( 

2$ 

1) 

3) 

2) 

2) 

4) 

2) 

1) 

3) 

2) 

2) 

4) 

2) 

-) 

2) 

2) 

•) 

2) 

2) 

-) 

2) 

13(20) 

Total Noi 
of impl*' 

1 

-( 16) 

5( 5) 

5( 21) 

14( 11) 

10( 13) 

24( 24) 

17( 12) 

5{ 5) 

22( 17) 

18( 15) 

13( 13) 

31 ( 28)' 

- -( 11) 

-( -) 

-( 11) 

-( 14) 

.{ - ) 

-(14) 

8( 16) 

-( -) 

8( 16) 

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 implants making the mutagenic index of 1,53%, 

The data thus showed clearly the high mutagenic potentiality 

of the log culture of ff, aeruginosa to tlie 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 

vdiile it was not certain for the spermatocyte and differentiated 

spermatogonia because no data were available. The 

frequency of induced lethality was very high 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 together 

(P 0,05). Therefore, the treatment of the log culture of 

£• 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 head morphology, etc. 

carried out in P- generation would support the mutagenic 

potentiality of the log culture of P.- aeruginosa in mice 

(vide infra). 
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B, Somatic Chromosome Aberration in F^ Generation : 

Qualitative j 

With a view to finding out if the P^ living implants 

of the control and treated series mothers were chromosomally 

normal or not, they were studied using different 

cytogenetic methods. Por entoryos only the somatic 

chromosomes from the liver were assessed. On the other 

hand, 3 month old P, individxials were used for the study of 

somatic chromosome aberrations in bone marrow cells of both 

sexes and meiotic chromosome aberration in testes, sperm 

coxint 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 P- fetuses and in 

organs of 3 months old P^ individuals. 

Since the types of chromosome aberrations in the 

embryonic liver cells and that of bone marrow chroirosome of 

P^ adults were not basically different, some representative 

types have been cited (PM 74-85; Pigs. 56-75)* Ihe aberration 

types were more or less the same in P- embryos and 3 nwnth old 

adult as found in the bone marrow cells of the treated 

specimens, "Ŝ ey vnere put under two main categories as 

individual t̂ /pes and gross types. The individual types 

consisted of chromatid break (PM 74-75, 77; Pigs, 56-67), 

acentric fragment (FM 76, 78-79, 83; Pig, 68), centric fusion 

(PM 74, 78, 80-81; Pigs. 70-71),ring chromosome (PM 76, 82; 

Pig. 69) etc. However, all the types were not found in all 

individuals and they were relatively very few or absent in 

the control line. 



Explanation of Photomicrographs 

Photomicrographs of some affected metaphase in liver 

/bone marrow cells of P- Indivldxaals prodxjced after 

mating of normal females to Pseudomonas culture treated 

males. 

fK 74. A centric fusion and two group 1 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 fragment, 

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 chromosomes. 

^ 
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Explanation of PhotomJeroaraphA 

Photomicrographs of some affected metaphases in liver/ 

bone marrow cells of P- individual produced after mating 

of normal finales to Pseudomonas cultture treated males, 

PM 80;, Plate showing two centric ftjsions and condensed 

ehromosomes, 

PM 81,, A centric fusion and some other showing the 

same tendency. 

PM 82., A ring chromosome and a centric fusion. 

PM 88., Terminal chromatid association of two 

chroraoson^s and on extra-element witii 

centromeric dissociation. 

VH 84. -̂ Bstferr metaphase with association of groups 

of chromosomes. 

£*! 85, Plate showing the pulverization. 
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Explanation of figures 

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 2 chromosome. 

Fig, 57, A chromatid break in the middle region of a 

group I chromosome. 

Pig, 58. A chromatid break in the distal region of a 

grovjp I chromosome 

Pig, 59. A chromatid break in the proximal region of a 

group II chromosome. 

Pig, 60, A chromatid break in the middle region of a 

group II chromosome. 

Pig, SI. A chromatid break in the distal region of a 

group II chromosome. 

Pig. 62. A chromatid break in the proximal region of a 

group III chromosome. 

Pig. 63. A chromatid break in the middle region of a 

group III chromosome 

Fig. 64. A isochromatid break in the distal retrion of a 

group III chromosome 

Pig. 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. 

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

Pig. 68. A fragment of unknown origin. 

Pig . 69. A r ing chronrasome. 
P igs . 70-71, A cen t r i c fusion betv/een two chiroitosome, 
Pig , 72, End to end associa t ion between two chromosomes. 
Pig, 73, Centr ic (Association of a group I I I 
Pig , 7S. Centric d i ssoc ia t ion of a group V, 
Pig , 75. A'^seter metaphase p l a t e . 
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Quantitative 

a) In liveic of 15 day old embryos t 

While the pregnant mothers of both control and 

treated series were sacrificed at 15 day of gestation to 

determine the ntoiriber of living and dead implants by exposing 

the uterus of each individual, the living implants immediately 

on removal were put into l% sodium citrate solution• The 

liver of e^ch Individual was dissected out and the tissue 

was minced and the cells v/ere brought into citrate 

suspension by repeated flushing with a pasteur pipette. 

The cell suspension was incxabated for 15 minutes at 31^C, 

It v;as then centrifuged and the supernatant fluid was 

discarded. The residual cells were fixed in freshly 

prepared aceto-alcohol (1J3) 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 fMlowed by Giemsa 

staining \7as made as described earlier for the preparation 

of the bone marrow cells. The frequency of different types 

of aberrations was determined in 100 plates per individual 

(Table 15). 

P- control line :-

1st week i 

All the 7 embryos obtained from a control line 

pregnant mother had some form of aberrations, the nurriber of 

v*iich ranged betv/een 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 rneta|)hases c axaminedc in 

7 embryos of the 1st mother, there were 7 chromatid 

breaks, 1 acentric fragment, 13 translocations or 

associations and 15 centromeric dissociations iisikirî  H 

total of 36 individual types and there were also 27 gross 

type aberrations. Ihe 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. Iherefore, 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 tvas 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 

v/ith the aberration number ranging between 2 and 11 and the 

average frequency was 6,50% and 8 females with the aberration 

nxaniber ranging between nil and 9 and the average frequency 

was 5.87% indicating not much difference in tv;o sexes (Table 

22)^ 

2nd week : 

In a 2nd week pregnant mother out of 5 enbryos the 

tissue of 1 was lost during processing. In the remaining 4, 

the nxarriber 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 nxiiriber 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 w;eek t 

In a 3rd v;eek pregnar̂ t mother 5 embryos had the 

aberration nxmiber ranging between 5 and 11 including a 

number of centromeric dissociation cases. Out 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 

tWD embryos xvere lost while processing. In the remaining 

5 the nvBiiber 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 t 

In a 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 einbryos examined, 1 had 

no aberration while in 7 others, the nxiniber of aberrations 

ranged between 1 and 11, In a total of 800 metaphases 

there were 24 or 3.0% individual types and 45 or 5.6% 

talcing both individual and gross types together (Table 15). 

5th week } 

In a 5th week pregnant mother, 6 embryos had number 

of aberration ranging between 2 and 5. In a total of 600 

metaphases, there vjere 14 or 2.3% individual types and 24 

or 4.0% taking 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 individvial type and 29 or 5.8% 

taking both Individual and gross types together (Table 15). 

6th week i 

In a 6th week pregnant mother out of 7 embryos 1 

had no aberration while 6 others had the aberration niraiber 

ranging betxveen 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 mother, 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 nxarriber 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%^ 

In 5 embryos of another itother, the ntoitiber of 

aberrations ranged between 2 and 9 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 

Ist week « 

Unfortunately no embryo was obtained from females 

v^ich were allov;ed to mate with treated males in the first 

week (Table 15). 

2nd week a 

The 5 F^ 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 

niimber 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 nuniber ranged between 16 and 38 and out of 700 

metaphases of 7 embryos there were 49 or 7,0% indivldxial 

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 dvirlng 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 i 

Out of 7 embryos of a 4th week pregnant mother, the 

tissue of 1 embryo was lost during processing. In the 

remaining 6 embryos, the chromosome aberration nuniber 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 ntiiiiber in liver ranged between 2 and 30 

in different individuals. In a total of 700 metaphase, 

there ware 37 or i,l% individual type and 130 or 14.4% 

both individvial and gross type taken together. 

« 

5th and 6th week i 

Unfortiinately like 1st week mating, no female was 

pregnant in 5th and 6th week mating. Therefore, there 

was no question of scoring the aberration data in embryos 

of the treated series in these two weeks (Table 15), 

7th week : 

In the 7th week mating programme, no lethal effect 

was found unlike that of ,2nd, 3rd and 4th week mating 

mentioned before (yî de 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 niunber 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 

together (Table 15). 

Comments : 

The analysis of the chromosome aberration data in 

the liver cells of different embryos in pregnant mothers of 

the control series for seven week raatings 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 v/eeks 

Fix. 
week 

Ind, 
No. 

Sex Individual type aberrations 
Break type Phv.type Ibtal 

Chr, 5tag. Tran. Cons & Cent. 
Ass. gap diss©4 

Gross type aberrations . Grand 
Niim. Others Total total 
Change 

% 

Mother I 

Control 

1st 
wk 

1 

2 

3 

4 

5 

6 

7 

M 

M 

M 

P 

P 

P 

P 

4 

1 

2 

3 

2 

2 

3 

4 

1 

2 

1 

4 

5 

3 

7 

4 

5 

4 

8 

6 

4 

1 

12 

1 

1 

6 

4 

1 

14 

-

1 

1 

11 

7 

8 

18 

5 

5 

9 

11.0 
7 . 0 

8.0 
18.0 

5 . 0 

5 . 0 

9.0 

Ibtal 13 15 36 25 27 63 9.0 

8 
9 

10 
11 
12 
13 
tH 

M 
M 

M 
P 
P 
P 
F 

Mdthef^Sl 

4 6 

3 
1 
3 

3 
1 
4 

Control 

1 

1 

1 

1 

1 

2 

1 

7 

2 

4 
1 
4 

7.0 

2.0 

4.0 
1.0 
4.0 

Total 14 17 

*In treated line not a single female was impregnant. 

23 3.28 



Table 15 (Contd.) 

Fix, 
week 

2nd 
wk 

Total 

Ind, 
No. 

1 

2 

3 

4 

Sex 

M 

P 

P 

P 

Individual tvT>e aberrations 
Break tvoe • 

Chr, Frag, Trans. 
Asso, 

^ 

2 

1 

-

3 

mm 

1 

-

-

1 

„ 

1 

1 

1 

3 

Phv. 
Gaps 
cons, 

type 
& Cent. 

diss , 

Mothee 2 
1 1 

1 

-

1 

3 

-

3 

-

4 

Total 

Control 
2 

5 

5 

2 

14 

Gross 
Nian, 
cha. 

1 

5 

2 

3 

11 

type aberrations 
Others 

2 

2 

1 

1 

6 

Total 

3 

7 

3 

4 

17 

Grand 
total 

5 

12 

8 

6 

31 

% 

5.00 

12.00 

8»00 

6.00 

7i75 

Treated 

2nd 
wk 

1 
2 
3 
4 
5 

M 
M 
F 
F 
F 

3 
2 

1 

1 1 
1 

5 

-

«p» 

1 

2 

7 

-

5 

5 

3 

9 

2 

20 

5 

6 

-

-

1 

2 

2 

9 

2 

21 

7 

8 

16 
2 

36 

12 

11 

16.00 

2.00 

26.00 

12,00 

11.00 

Total 8 20 42 47 67 13,40 



Table 15 (Contd.) 

Mix. 
week 

I n d . 
Ko« 

1 

2 

3 

4 

5 

6 

Sex 

M 

M 

M 

F 

F 

F 

I n d i v i d u a l tvt>e a b e r r a t i o n s 
Brealc t y p e 

C h r , 

-

-

1 

1 

1 

F r a g . 

mm 

-

-

-

«pf 

. 

T r a n s , 
A s s o . 

1 

-

1 

-

. . 

P h v * t v p e . T o t a l 
Gaps Se C e n t i 
c o n s . d i s s '• 

. 

1 

- , 

1 

1 

1 

too ther I I 

C o n t r o l 

- . 

7 

2 

3 

3 

2 

7 

5 

5 

5 

Gjross 
Num. 
c h a ; 

6 

4 

1 

*̂ 

-

1 

t y p e a b e r r a t i o n s 
O t h e r s 

1 

-» 

1 

2 

« 

T o t a l 

6 

5 

1 

1 

2 

1 

Grand 
t o t a l 

6 

7 

8 

6 

7 

6 

% 

6 , 0 0 

7 . 0 0 

8 . 0 0 

6 . 0 0 

7 . 0 0 

6 . 0 0 

2btal 4 15 24 12 4 16 40 6.66 

2fad 
wk 

1 

2 

3 

4 

5 

M 

M 

M 

M 

F 

1 

6 

Treated 

4 

9 

»̂» 

#% 

•* 

9 

15 

-

-

3 

12 

5 

8 

4 

9 

3 

3 

•m 

1 
«» 

15 

8 

8 

5 

9 

24 

23 

8 

5 

12 

24.00 
23.00 

8.00 
5.00 

12.00 

Total 13 27 38 45 72 14.40 



Table 15 (Contd.> 

Fix. Ind. 
No. 

Sex Ir̂ idividual type aberrations Gross type aberrations Grand % 
Break type Hiy." type 2btal Num. Others Itotal total 

Chr.̂  Frag* Tran. Gaps St Cent, cha* 
Asso, cons, diss©. 

1 M 

2 M 

a M 
4 F 

5 P 

1 

4 

2 

3 

7 

Mother IJ 

Control 

1 

5 

2 

3 

9 

2 

3 

3 

2 

2 

-

-

-

-

.. 

2 

3 

3 

2 

2 

3 

8 

5 

5 

11 

3.00 

8.00 

5.00 

5.00 

11.00 

Itotal 17 20 12 12 32 6.40 

3rd wk 

1 

2 

3 

4 

5 

6 

7 

M 
M 

M 

M 

P 

F 

P 

2 

5 

3 

2 

3 

11 

3 

4 

3 

3 

1 

2 

Treated 

6 10 

9 5 

3 6 

5 7 

3 8 

.6 2 

7 10 

2 

5 

3 

4 

9 

• 20 

2 

12 

10 

9 

11 

17 

22 

12 

18 

19 

12 

16 

20 

38 

19 

18.00 

19.00 

12.00 

16*00 

20.00 

38,00 

19,00 

Total 29 8 49 48 45 93 142 20.28 



Table 15 (Contd.) 

Fix. Ind» Sex 
No. 

Individual type aberrations 
Break type Phy.type 

Ẑhi:. Frag. Tran. Gaps & Ceut. 
Asso. cons, disso. 

Gross type aberration Grand 
Total Num. Others Total total 

cha. 

% 

Mother IX 

Control 

1 
2 

3 

4 

5 

M 
M 

M 

W 

F 

3 

1 

2 

1 

3 

2 

2 

1 

2 

3 

1 

3 

2 

2 

3 

1 

3 

2 

5 

5 

3 

4 

2 

5 . 0 0 
5 . 0 0 

3 . 0 0 

S.OO 

2 . 0 0 

Total 8 11 11 19 3.80 

3rd' 

Treated 

1 
2 

3 

4 

5 

6 

M 
M 

P 

P 

F 

F 

3 

1 

4 

6 

1 

1 

6 
m» 

2 

2 

1 

8 

7 
;• 

10 

8 

2 

5 

2 

« 

1 
«, 

4 
2 

-

2 

1 

1 

6 

7 

2 

2 

2 

1 

7 

15 

9 

2 

12 

9 

7.00 
15.00 
9.00 
2.00 

12.00 
9.00 

Total 14 12 34 10 10 20 54 9.00 



Table 15 (Contd.) 

Fix, Ind. Sex 
No. 

Individual type aberrations 
Break type Phv. type TotBl 

Chr. Frag. Traa. Gaps & Cent. 
Asso. cons. diss©. 

Gross type aberrations Grand 
Kuiti. Others Total total 
cha. 

% 

ttother I Control 
1 
2 

3 

4 

5 

6 

7 

M 
M 

M 

M 

P 

P 

P 

1 

2 

2 

1 

2 

2 

4 

2 

1 

4 

3 

1 

2 

3 

3 

2 

2 

3 

1 

3 

5 

6 

4 

4 

5 

3»00 
5.00 

6.00 

4.00 

4.00 

5,00 

3th 
wk 

Total 8 13 9 14 27 3.85 

1 

2 

3 

4 

5 

6 

M 

M 

M 

P 

P 

F 

1 

2 

7 

4 

4 

6 

2 

3 

2 

2 

3 

1 

1 

Treated 

18 

18 

10 

15 

9 
«p 

23 

26 

29 

18 

14 

2 

15 
12 

2 

14 

42 
. 

8 

6 

5 

4 

3 

1 

23 

18 

7 

18 

45 

1 

46 

44 

36 

36 

59 

3 

16.00 

44.00 

36.00 

36.00 

59.00 

S.OO 

Total 11 21 70 112 85 27 112 224 37.33 

00 



Table 15 (Contd.) 

Fix. 

4th 
wk 

Ind. 
No. 

1 

2 

3 
4 

5 

6 

7 

8 

Total 

1 

2 

3 

4 

5 
6 
7 
8 
9 

Total 

Sex 

M 

M 

M 
M 

P 

F 

F 

F 

• 

M 

M 

M 

M 

F 
F 
P 
F 
F 

Indlvld'aal tvrsi 
Break type 
Chr« Frag. Tran; 

Asso. 

-

-

2 
-

1 

-. 

-

-

3 

^ 

«» 

-

• 

1 

1 

-

-

— 

-

-

1 

-

1 

2 

•> 

-

-

1 

1 

2 

-

-

~ 

-

1 

-

-

-

1 

4 

2 

5 

9 

4 

3 

1 

2f 

5 aberrations 
Hiv. tvT>e Total 
Gaps & Cent, 
cons • disso. 

mm 

*• 

m. 

1 

-

1 

-

^ 

2 

~ 

-

1 

-. 

-

1 

Mother II 

Control 

1 
• V 

3 
4 

3 

1 , 

-

4 

16 

Treated 

--

»• 

-

5 

\5; 

1 
-

5 
5 

5 

3 

-

5 

24 

4 

2 

6 

10 

4 

5 

6 

37_-

Gross 
Num. 
cha* 

• 

«M» 

3 
2 

-

2 

-

4 

11 

5 

8 

19 

1 

7 
& 

14 
2 
9 

-7-0 

type aberrations 
Others 

-

^ 

1 
3 

1 

1 

2 

2 

10 

~ 

4 

5 

6 

2 

1 

5 

23. 

Total 

-

« 

4 
5 

1 

3 

2 

6 

21 

5 

12 

24 

7 

9 
5 
15 
2 
14 

93 

Brand 
total 

1 

-

9 
10 

6 

6 

2 

11 

45 

9 

14 

30 

17 

13 
5 
20 
2 
20 

130 

% 

1.00 

-

9.00 
10.00 

6.00 

6,00 

2.00 

11.00 

5.62 

9.00 

14.00 

30.00 

17*00 

13.00 
5.00 
20.00 
2.00 

20.00 

14.44 

i-» 



Table 15 (Contd.) 

Fix. Ind. 
week No. 

. , 

1 

2 

3 

4 

5 

6 

Total 

5th 
wk 

7 
8 

9 

10 

11 

Total 

Sex 

M 

M 

M 

P 

F 

P 

M 

M 

M 

P 

P 

Individual type aberrations 
Break type 

Chr. 

1 

-

-

-

mm 

-

1 

« 

-

t 
-

1 

Frag. 

mm 

mm 

mm 

-

-

-

-

1 

2 

«» 

«•» 

3 

Tran. 
Asso. 

-

-

-

-

-

-

-

1 

-

-

— 

1 

Phy. 
Gaps fit 
cons. 

Mother 

-

1 

-

-

-

Sv. 

1 

type 
Cent, 
disso, 

Total 

I Control 

-. 

2 

— 

2 

3 

5 

12 

1 

3 

-

2 

3 

5 

14 

Mother II Control 

2 3 5 
«. 

-

t 
— 

3 

-

1 

1 

4 

10 

2 

3 

,4 

4 

18 

Gross 
Num. 
cha. 

1 

2 

1 

3 

1 

-

8 

«M> 

-

1 

-

1 

type 
Others 

1 

-

1 

-

-

-

2 

2 

-

2 

S 
5 

10 

aberrati, 
Total 

2 

2 

2 

3 

1 

-

10 

2 

-

2 

a. 
5 

11 

.Grand 
tot^l 

3 

5 

2iQ0 

5 

4 

5 

24 

7 

2 

5 

6 
9 

29 

% ' 

34-90 

5*00 

2.00 

5.00 

4.00 

5.00 

4.00 

7.00 

2.00 

5.00 

6.00 

9.00 

5.80 

In treated line not a single female v/as impregnant 

o 



Table 15 (Contd.) 

Fix. Ind. 
No. 

1 

2 

3 

4 

5 

6 

7 

Itotal 

6th w]c 

8 

9 

10 

11 

12 

13 

Ibtal 

Sex 

M 

M 

M 

P 

P 

F 

P 

M 

M 

M 

P 

P 

P 

Individual 
Break tvpe 

Chr. Frag. Tran. 
Asso. 

2 

1 

~ 

-

-

3 

-

6 

... 

2 
-

• 

1 

-

3 

m. 

-

-

-

-

-

1 

1 

^ 

1 

-

2 

-

«w 

3 

-

-

-

-

-

-

1 

1 

o 

-

-

-

1 

-

1 

type, 
Phv. 
Gaps 
cons 

aberrations 
type Ibtal 
& Cent. 
• diss. 

Mother I 

-

1 
«w 

-

-

• ( • 

^m 

1 

1 

1 

-

1 

-

1 

2 

5 

Control 

-

1' 

-

-

-

4 

2 

7 

Jlother II 

Control 

5 

-

2 

5 

2 

3 

17 

2 

3 

-

-

*̂  

7 

4 

16 

6 
3 

3 

7 

5 

5 

29 

Gross 
Num. 
Cha. 

mm 

-

If 

-

2 

1 

1 

5 

-

3 

2 

2 

— 

1 

8 

type aberrations 
Others Total 

1 

2 
«Nk 

-

2 

1 

2 

8 

-

1 

1 

-

2 

2 

6 

1 

2 

1 

-

4 

2 

3 

13 

— 

4 

3 

2 

2 

3 

14 

Grand 
total 

3 

5 

1 

-

4 

9 

7 

29 

7 

7 

6 

9 

7 

8 

43 

% 

3,00 

5.00 

1.00 

-

4.00 

9.00 

7.00 

4.14 

7.00 

7.00 

6.00 

9.00 

7.00 

8.00 

7.16 

* In treated line, not a single female was Impregnant. 



Table 15 (ContdJ 

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. cons. disso. 

7th 
wk 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

M 

M 

M 

M 

P 

F 

P 

P 

P 

P 

Total 

2 
3 
4 
5 
6 
7 
8 

B 
M 
M 
M 
M 
P 
P 
P 

4 

3 

2 

2 

2 

1̂  

2 

1 

17 

1 
4 
5 
2 
13 
4 
1 

1 
2 

1 

1 

4 

1 

Mother 

-

» 

1 

-

-

2 

2 

-

1 
«. 

I Control 

5 

5 

2 3 

4 2 

5 

4 

6 

4 1 

3 

1 

8 39 

Treated 

3 

2 

1 

1 

1 

8 

1 
2 
4 
4 
1 

2 
2 
2 

3 
3 

7 
1 
6 
1 
., 

5 
-

4 

16 
9 
14 
9 
4 
26 
11 
6 

17 
17 
12 
13 
10 
18 
19 
12 

5 

5 

5 

6 

6 

4 

6 

5 

4 

1 

5,00 
5.00 

5,0.0 

6.00 

6.00 

4.00 

6.00 

5.00 

4.00 

1,00 

47 4.70 

17 
17 
17 
13 
19 
18 
19 
15 

33 
26 
31 
22 
23 
44 
30 
21 

33 .00 
26.00 
31.00 
22.00 
23.00 
44.00 
30.00 
21.00 to 

Total 34 18 15 24 95 118 17 135 230 28.75 



Table 15 (Contd.) 

Fix. Ind, Sex 
No. 

Individual type aberrations Gross type aberirations Grand % 
Break type Phv* type Total Num, Others Total total 

Chr, Prag* Tran, Gaps St Cent. ch^. 
Asso. doss. disso\ 

7th 
wk 

11 

12 

13 

14 

15 

M 

M 

F 

F 

F 

2 '1 

Mother II 

Control 

1 

- - 3 

-

1 

_ i _ 

-

^ 

2 

-

6 

1 

•er 

3 

3 

3 

1 

1 

5 

3 

9 

2 

4 

5 

4 

S 

2.00 

4.00 

5.00 

4.00 

9.00 

Itotal 10 19 24 4.80 

*In treated line, not a single female was impregnant. 
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there were some embryos without any chromosomal aberration 

while in some cases if the cases of centromeric dissociation 

were eliroinateid assuming their doubtful genetic significance, 

the frequency of individual type aberrations would be 

reduced considerably. In the liver' of some embr3ros even 

the individual type aberration was not found at all e.g. in 

embryo No, 8 of 2nd mother of 1st week (Table 15), Therefore, 

the occxirrence of only very few gross type aberration in 

some embryos mi^t l?e considered as they were free from 

real aberration of genetic significance. On the xvhole, 

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 

week did not differ very widely and maximum difference was 

seen in 1st week, V?hile 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 hl^er than that of control. 

The average frequency of aberrations in embryos of two 

mothers did not vary much in 2nd v;eek mating but in 3rd 

and 4th week it v;as widely variable. 

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 fovmd that the 

average frequency in the control series was 6,14% in 1st 

week of which 53 of 3,7% v/ere individual type and that 

included 29 or 2,0% centromeric dissociation cases. In 

the 2nd week, the average was 7,1% of v/hich 38 or 3,8% were 
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individual types which included 19 or 1,9% cases of 

centroineric dissociation. In the 3rd week, the average 

frequency v;as 5,1% of x^ich 28 or 2.8% were individual 

types and that inclxided 24 ©r 2,4% centrorneric dissociation 

cases. In the 4th week, the average frequency \^s 4,8% 

of which 37 or 2,46% was individual types including 24 

or 1,6% centi'omeric dissociation cases. In the 5th week, 

the average was 4,81% of v/hich 32 or 2,9% were individual 

types including 22 or 2,0% centrorneric dissociation cases. 

In the 6th week, the average frequency was 5,53% of which 

45 or 3,4% was individual types including 24 or 1,8% 

centron^ric dissociation cases and in the 7th week, the 

average frequency was 4.73% of which 44 or 2.9% were 

individual t̂ 'pes including 8 or 0,5% centrorneric dissociation 

cases (Table 16). Therefore, the frequency of individxial 

type aberration was very low when the centrorneric 

dissociation cases were eliminated. Pxarther, the average 

aberration frequency in the liver cells of different week 

control series did not vary mxjsch. In the cornbined data of 

all weeks, tlie average frequency was 5,4% of which 277 or 

3,14% was individual type including 150 or 1,7% centrorneric 

dissociation cases, Pxirther, if the cases of gaps and 

constrictions v/ere eliminated, the true break type 

aberrations of genetic significance like chromatid break, 

fragment of unknown origin and translocation or association 

wotild be 100 in 8800 metaphases i,e, 1,1%,, Even true 

translocation was practically absent and they xv-ere mostly 

association. Therefore, it seemed' that some clastogenic 

factors might have contained in the nutrient broth medixim 

which could be responsible for transmitting the effect in 

the next generation. 
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Treated series t 

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 frequency of 

chromosome aberrations than that of controls vAiile no data 

x̂?ere available in the remaining weeks possibly due to 

sterility developed for the treatment of the bacterial log 

culture* In two pregnant mothers of 2nd week 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»QTA of which 6.3% were individual types 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 dissociation 

cases and in the 7th v?eek, the average aberration frequency 

was 28.75% of which 11.87% were individual type including 

1,8% centromeric dissociation cases. If •̂ he 'aberration 

data in the liver cells of all embryos of pregnant mothers 

of different weeks in the treated series were corrtolned̂ the 

average aberration frequency v̂ as 19.97% of which 8.13% were 

individual types including 2,,91% centromeric dissociation 

cases (Table 16)• 

Ihe data further showed that when the individual 

type's and gross type aberrations were compared between 

control and treated series, it x-jas fotind 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 P- embryos at 15 days gastation in mothers mated from 1st 

to 7th weeks with control and the bacteri\im P. Seruqi^njOsa treated male. Control data are in brackets. 

Fix, No.of No.of No,of 
mothers enfcry. m^ta, 

Individual type aberr, Gross type aberr. Grand % 
Break 'type '̂  Phy.' type Total Nu, Others Total total 

Chr. Prag. Trans/ Cons, & Cent. ch. 
Asso. gaps diss. 

wk 

2nd 
wk 

3rd 
wk 

4th 
wk 

5th 
wk 

6th 
wk 

7th 
wk 

( 
« 

( 

( 

( 

( 

( 

( 

2) 

I 
2) 

2 
2) 

2 

2) 
* 

2) 

* 

2) 

1 

2) 

(14) 

10 

(10) 

13 

(10) 

15 

(15) 
* 

(11) 

K 

(13) 

8 

(15) 

(1400) 

1000 

(1000) 

1300 

(1000) 

1500 

(1500) 
* 

(1100) 

»r 

(1300) 

800 

(1500) 

(9) (2) (13) ( -) 

8 

34 6 18 

10 

( 6) ( 1) ( 5) (7) 

36 6 22 5 

( 2) ( 1) (1) ( .) 

12 5 49 8 

( 4) ( 3) ( 3) (4) 
* * * * 

( 2) ( 3) ( 1) (4) 
- • • - * - • * • 

(9) ( 4) , ( 2) (6) 

15 

(20) ( 4) ( 5) (7) 

( 29) ( 53) ( 29) ( 4) ( 33) ( 86) 

21 47 80 12 92 139 

( 19) ( 38) ( 23) (10) ( 33) ( 71) 

14 83 58 55 133 

75 149 155 50 205 

196 

( 24) ( 28) ( 23) ( -) ( 23) ( 51) 

354 

( 24) ( 37) ( 20) ( 15) ( 35) ( 72) 
* * • * « *r 

( 22) ( 32) ( 9) ( 12) ( 21) ( 53) 

ft * * * * 4r 

( 24>, ( 45J> ( is!) ( 14) ( 27) ( 72) 

24 95 118 17 135 230 

( 1&) ( 44) ( 15) ( 12) ( 27) ( 71) 

* 

( 6.14) 

13.90 

( 7.10 

15.07 

( 5.10) 

23.60 

( 4.80) 

( 4.81) 

* 

( 5.53) 

28.75 

( 4.73) 

Grand 7 
total 

46 4600 90 20 94 38 

(14) (88) (8800) (52) (18) (30) (28) 

134 374 411 134 545 919 19^97 

(150) (277) (132) ( 67) (199) (476) ( 5«40) 1̂  

NoJ pregnant. 
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The frequency of centromeric dissociation cases 

in five groujps of chromosomes in 1st to 7 week treated 

and control series embr3^s was analysed (Table 17), 

However^ a full comparison was not possible since no P̂^ 

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 (Ifeble 2) of which chromosome belonging to IV 

and V v/ere specisally more involved. 2he highest 

involvement was found in group V, An analysis of the data 

of frequency distribution of centiromeric dissociation cases 

in different groups of chronosomes in the liver cells of 

P-. embryos of 15 day gestation showed the chromosomes 

specially belonging to groups IV and V had mor« 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 and 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 1st week, 5th 

week and etli week were not available, the observation had 

a limitation. 

Comments s 

Since similar type of result for the occurrence of 

much hi^er frequency of chromosome aberrations in P-

and Pg generations in mating programme of males treated 

with add mutagens with normal virgin females tising 

antibiotic (Roy, 1982), chemosterilinat - D-glucose amine 

hydrochloride (Banerjee, 1982), living mutagens S. aeretos 
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(Qiosh, 1985) and jS, lutea (Goswami, 1985), fungus -

spores of Aspergillus (Patel, 1982) was foxind in o\ir 

laboratory. Manna (1984) after reviewing the different 

results advocated that there could be some locus or loci 

in chromosome which in normal states maintadLns the 

structural integrity of chromosomes but if mutated the 

control may be lost. It was further stated that the 

chromosomal mutation might lead to the production of 

lethal effect when it was of vital nattire otherwise it 

might produce general type aberration in the living 

implants in P- and Fg general as fovind 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 living 

embryos of F- generation* 

With a view to finding out if the chromatid breaks 

were nonrandomly distributed between and within chromosomes 

in P|j generation, a total of 91 chromatid breaks obtained 

in the liver cells of P- 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 

v*ien the observed and expected numbers were compared in five 

groups of chromosomes (Table 18), However, the difference 

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 induced by the treatment of log culture 

of P« aeruginosa in parental generation (Table 3), 



Table 33 

Comp2Led data of frequency distribution of centric 

dissociation in different particular groups of 
chromosomes %n l i ve r  cells of 15 day old F1 embvs of 
different mothers mated at different weeks with the 

I?. aeruginosa treated and control male parents (100 cells/ - 
indv. were counted). Control daha are in brackets) 

Fh, Mo,of No,of Total No4 =,I Gr.11 Gr.III Ga*To0 
mother indiv. V t a l  

- - .  -- 

T o t a l  7 46 4600 - 2 17 20 92 131 

-(n4). (89)  (8900) (1) (3) (1s) ts i )  (99) (150) 

* No pregnant &male. 
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Table 18 

Group-wise and region-wise distribution of chromatid breaks 

at 15 day gestation in P^ progeny of different mothers mated 

at different x̂ /eeks to the £, aeruginosa treated male parents 

Region 
1 I I 

Grovi-p 
I I I IV V 

T o t a l 
Obs f Ejcpect. 

Proximal 
Middle 

D i s t a l 

T o t a l Obs, 

Exp, /No. 

1 
5 

13 

19 

9 .1 

4 
6 

10 

20 

18.2 

1 2 

14 

13 

39 

45.5 

8 
-

4 

12 

1 3 . 65 

1 
«N» 

-

1 

4 .55 

26 
25 

40 

91 

30,33 
30,33 

30,33 

91 

The region-wise distribution of chromatid breaks in 

the liver cells of P̂^ embryos of the treated series (Table 

18) also shov;ed in the combined data that the distal 

region was more vulnerable than the proximal and middle 

region v?hen the observed and expected nuinbers v/ere cornpared. 

Ttx& same trend was also seen in the bone marrow chromosome 

aberration in adults treated with log culture of jP, aeruginosa 

(Table 3). 

The occxjrrence of the same trends of nonrandom 

distribution of breaks in chromatids in different groups and 

region of bo*ne marrow chromosomes of P. aeruginosa treated 

specimens and that of liver cells of P^ embryos at 15 day 



152 

gestation of the treated series v/ould suggest that there 

«ould 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 advocated by Michelle and Rowley (1984) which would 

sxQjport the findings of nonrandom distribution of chromatid 

breaks in P^ generation. 
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b) F^ individuals of 3 month old 

The P^ individuals of different week treated and 

control lines at an age of 3 months were sacrificed after 

the mating programme for F, generation was over^ Ihe bone 

marrow of both sexes for somatic chromosome Serration study, 

the testiis for the study of meiotic chromosome aberrations 

and epididymal sperm ŝ aspension samples of the male specimens 

for sperm count and sperm head morphology study were carried 

out (vide infra), 

Chromosome aberrations in bone marrow cells 

Control line t 

In the first week mating line the bone marrow 

chromosome preparation made according to method described 

earlier revealed in five P, individuals of a rttother the 

nuwiber of chromosome aberrations ranging between 2 and 8 

of v;hich the frequency of individual type was very 

negligible other than few cases of eentromeric dissociation. 

Out of 500 metaphases examined taking 100 plates per 

specimen̂ ^ the frequency was 5*6% or 28 of v^ich the 

individual types were 15 or 3,0% including 13 or 2,60% 

eentromeric dissociation cases (Table 19). 

2nd week s 

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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individiial ty}Des together of which 22 or 3.605o were individual 

tspes 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 frequency v/as 48 or 6.80% of 

which 35 or 5^0% v/ere individual type including 20 or 2,8% 

centromeric dissociation cases. 

3rd week t 

In the 5 P̂  individxials of one mother the nuirtoer 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 « 

In 6 T^ individuals of a 4th week mating mother, the 

nvimber 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% oentromeric 

dissociation cases (Table 19). 

In 6 P- individuals of a 2nd mother, the number of 

chromosome aberrations ranged between 3 and 11 in different 
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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 t 

Ist week : 

In 3 E- individuals of a 1st week treated line 

mother, the number of chromosome aberrations was ranging 

betv/een 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 dissociation cases (Table 19), 

2nd week s 

In 5 F^ individuals of a 2nd vreek treated line 

mother, the number of chromosome aberrations ranged widely 

between 8 and 61 and in a total of 500 metaphases, the 

average frequency was 206 or 41,40% taking both individual 

and gross type together of v*iich C13 121 or 24.2% were 

individual type including 70 or 14.00% centromeric 

dissociation cases. 

In 3 I' 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 ciberration frequency of gross and individual 

types taken together x-ras 26 or 8.66% of which 16 or 5,1% 
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were individual types including 15 or 5.0% centroraeric 

dissociation cases (Table 19). 

3rd v;eeX t 

In 3 P- 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 31.33% 

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't 

In 3 F^ individuals of a 4th \7eek treated line 

mother, the nvuriber of bone marrow chromosome aberration 

ranged widely betvjeen 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 i 

It was mentioned while analysing the aberration 

frequency data that the frequency of centromeric 

dissociation was relatively hi<^ in the treated series. 

However, there was differential response in different 

groups because the frequency was highest in chromosomes 

belonging to groxrp V and followed by group IV and group 

III while it was very rare in group I and in group II. 

file:///7eek


Table 19 

Frequency distribution of bone marrow chromosome aberrations assessed in 100 plates per 

individual after birth in P- progeny of different mother mated to the bacterium P. aeruginosa 

treated and control male parents. 

Fix. Ind. Sex 
No. 

Individual type aberrations Gross type aberration Grand 
• " — . Total Num. Others Total total 

cha. 
Break type Phy. type 

Chr. Frag: Trans/ Gaps & Cent. 
Asso. cons. diss. 

% 

1 

2 

3 

4 

5 

M 

M 

F 

E 

F 

Mother I 

Control 
1 

5 

3 

1 4 
i _ . . 

1 

5 

4 

5 
. 

5 

2 

2 
• 

1 

-

1 
«v 

1 

1 

5 

3 

2 

1 

2 

6 

8 

6 

6 

2 

6.0 

8.0 

6.0 

6.0 

2.0 

Total 13 15 10 13 28 5.6 

1st wk 

1 M 

2 F 

3 F 

4 

1 

1 

4 

6 

5 

14 

Treated 

18 
^m 

16 

ta 
10 

31 

2^\ 
6 
V 

1 
9 
mm 

9 

15 
—-

37 

35 

31 

37.0 

35.0 

31.0 

Total 4 25 34 69 8 16 24 103 34.33 
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Table 19(Contd.) 

Fix. Ind. 
No. 

\1 

V 
v ^ 

i4 . 

-5 

i5'-

U L 

Sex 

M 

M 

M 

F 

F 

F 

F 

2btal 

Individual 
Break tvpe 

Chr. Frag. Trans/ 
Asso. 

<••» 

2 

-

2 

-

-

1 

5 

1 1 

1 2 
M * •«» 

1 

( V >T ^̂  ^^ 

-

- -

3 3 

type aberrations 
Phv. type 
Gaps & Cent. 
cons» disso 

' 

-

1 

-

1 

-

2 

-

4 

Total 

• 

Gross 
Num. 
cha. 

Mother II 

Control 

6 

-

3 

4 

-

Z 
5 

20 

8 

6 

3 

8 

-

1̂. 
6 

35 

. 

-. 

-

-

— 

1 

2 

3 

tvpe aberrations 
Others Total 

— 

-

2 

m^ 

2 

2 

-

6 

-

-

2 

-

2 

3 

2 

9 

Grand 
total 

8 

6 

5 

8 

2 

7 

8 

44 

% 

8.0 

6.0 

5.0 

8,0 

2.0 

7.0 

8.0 

6.28 

2nd wk 

1 M 

2 M 

3 F 

1 6 
7 

Treated 

8 

7 

1 

3 4 
2 2 

4 4 

12 12.00 

9 9.00 

5 5.00 vo 

Total 13 16 10 26 8.66 



Table 19 (Contd.) 

Fix. Ind. 
No. 

Sex Individual type aberrations 
Break type Phy.type 

Chr. Frag, Trans/ Gaps & Cent. 
Asso. cons. disso. 

Gross type aberrations Grand 
Total Nxm. Others Total total 

cha. 

% 

1 
2 
-% 
J 

4 

5 

M 
M 

F 

F 

F 

Mother I 

Control 

2 2 2 

4 4 -

3 6 1 

4 

4 

5 

6 

4 

5 

8 

4 

5 

4 

9 

8.00 

4.00 

5.00 

4.00 

9.00 

Total 12 15 18 30 6.00 

3rd v/k 

Treated 

1 

2 

3 

M 
F 

F 

2 

2 
«•• 

-

2 
. 

2 

8 
.. 

1 

1 

2 

21 

16 

7 

26 

29 

9 

6 

12 

1 

6 

2 

3 

12 

14 

4 

38 

43 

13 

38.00 

43.00 

13.00 

Total 4 10 4 44 64 19 11 40 94 31.30 



Table 19 (Contd.) 

Fix, Ind. Sex Individual type aberrations Gross type aberrations Grand % 
No. Break type Phy. type Itottal Num. Others Total -total 

Chr* Frag. Tj.ans/ Gaps St Cent. cha. 
Asso. cons. disso. 

8 

9 

5 

4 

5 

4 

8,00 
9.00 

5.00 

4.00 

5.00 

4.00 

Mother I 

C o n t r o l 

I M l - - 1 3 5 2 1 3 
2 M - - - 2 6 8 - 1 1 
3 M - - - - 5 . 5 - - -

4 F - - - - 1 1 1 2 3 

5 F - - - 1 2 2 3 - 3 
6 F 1 1 - - - 2 - 2 2 

T o t a l 2 1 - 4 16 23 6 6 12 35 5 .83 
4 th . _ _ . 

1 M - -

2 M - - 1 

3 P 5 - 2 2 

T o t a l 5 - 3 2 65 75 38 22 60 135 - 45 ,00 

Treated 
24 24 

20 21 

21 30 

1 

5 

32 

4 

10 

8 

5 

15 

40 

29 

36 

70 

29.00 

36.00 

70.00 

0\ 



Table 19 (Contd.) 

Fix, Ind. Sex ^ Individual type aberrations Gross type aberrations Grand % 
No. Break type Phy.tvpe Total - Num. Other Total total 

Chr. Frag, Trans/ Gaps & Cent. cha. 
Asso,, cons, disso. 

Mother II 

Control 

l M < . - ~ 1 1 2 » - 2 

2 M , - 1 2 - 1 4 2 - 2 

3 M - - - ~ - . - 3 1 4 

4 F - - - ^ - - , - . 3 3 

5 F - 1 - 2 6 9 - 2 2 

6 F - - 2 1 - 3 1 1 2 

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 

4 

6 

4 

3 

11 

5 

4.00 
6.00 
4.00 
3.00 

11.00 
5.00 

to 



Table 20 

Compiled data of frequency distribution of bone marrow chromosome aberrations after birth in 

P- 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 
mother P 1 -

adult 
met a. 

Individual type aberrations 
Break type Phv. type 

Gross type aberrations Grand 
Total Num. Others Total total 

Chr. Frag. Trans/ Gaps & Cent. 
Asso. cont. elisso. 

cha. 

% 

1st 
wk 

1 3 

(1) ('4) 
300 6 

( 500) ( 1) 
4 25 

( -) ( -) ( 1) 
.34 69 8 
(.13) ( 15) ( 10) 

15 24 

( 3) ( 13) 

103 34.33 

( 28) ( 5.60) 

2nd 
wk 

2 8 800 10 5 37 2 

(2) (13) (1300) (7) (3) ( 3 ) (8) 

85 137 55 

( 33)( 57) ( 14) 

41 96 

( 11) ( 25) 

233 29.12 

( 82) ( 6.30) 

3rd 
wk 

1 3 300 4 2 10 4 

(1) ( 5) ( 500) (2) ( -) ( -) ( 1) 

44 64 19 11 SO 

( 9)( 12) ( 3) ( 15) ( 18) 

94 31.33 

( 30) ( 6.00) 

4th 
wk 

2 5 500 5 1 11 3 

(2) (12) (1200) (2) (3) (4) (8) 

103 123 51 29 80 

( 41)( 41) ( 14) ( 13) ( 27) 

203 40.66 

( 68) ( 5.66) 

Total 6 19 1900 25 12 83 11 

(6) (35) (3500) (12) (6) (7) (18) 

266 393 133 96 240 

( 79)(125) ( 41) ( 42) ( 83) 

633 33.21 

(208) ( 5.94) 

CiJ 
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The frequencies in treated and control line specimens were 

11.33% ag-ainst 2,60% in 1st week, 10.37% against 2.53% 

in 2nd weok, 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 t|re same 

as foxand in the Pseudoitginas treated and nutrient broth 

Injected specimens (Table 21). Anyhow the occiurrence of 

the higher frequency of centromeric dissociation in the 

bone marrow cells of P- individuals of the treated line 

could be (3Xplained'as due to some genetic factor but it 

is yet to be siibstantiated. 

General comment s 

Hie average frequency of chromosome aberrations 

in different P- individuals of the control line varied 

narrowly betv/een 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 

•feype aberrations,the Sxrerage frequency was 34.33% agaihst 

5»6% in the first week, 29.12% against 6,3% in the 2nd week, 

31.33% agciinst 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 

chromosom€5 aberrations in the treated line. This could be 

interpreted as due to the mutagenic factor in P. generation 

xvhich was induced by the treatment of the bacterial cultture 

in the' paa-ental generation. Even this was indicated by the 

chromosomei aberration data in liver cells of embryos of 15 

day gestation because the frequency in treated line was 

higher thein that of control line (Tables 15 and 16). However, 
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Table 21 

Compiled data of frequency dlstrlbxition of centric dissociation 
in different of chromosomes groups<{^^in bone marrow of 30 day 
old F^ progeny of different mothers mated at different weeks 
v/ith the bacterium, P, aBTuginqsa treated and control male 
parent, 100 cells/ind. were counted (Control data are in 
brackets) 

Fix. No.of No.of Ibtal No. Gr.I Gr.II Gr.III Gr.IV Gr.V Total % 
mother ind, of met. 

1st 
wk 

'1 

1 3 300 - ~ 6 11 17 34 11.3^ 
(1) ( 5) < 500) U) <-) ( -) ( t) ( 12) < 13) ( 2.60̂ ) 

2nd 2 8 8̂ g0 - * 5 27 51 83 10.37V 
*̂ ^ (2) (13) (1300) (1) (1) (7) ( 4) ( 20) ( 33) ( 2.52)^ 

3rd J 3 300 2 1 14 14 30 61 20.33 

"̂ ^ {!) ( 5) ( 500) (.) (-) ( «) ( -) ( 9) ( 9) ( 1.80) 

4th 2 5 500 - 1 21 35 46 103 20.60 

^̂ ^ (2) (12) (1200) (-) (2) (3) (4) (15) ( 24) ( 2.00) 

Ibtal 6 19 2100 2 2 46 87 144 281 13.38 

(6) (35) (3500) (1) (3) (10) ( 9) ( 56) ( 79) ( 2.25) 



166 

the chromosome aberration data of the liver cells of 

embryos and that of bone marrow cells of 3 month old P-̂  

individuals of the treated lines showed that the frequency 

was relatively high in the latter tissues es 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 average aberration 

frequency data of the liver in embryos and bone marrov7 

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 due to the differential segregation of the 

mutagenic factor present in the treated line. 

Sex and aberration frequency relationship if anv » 

The chromosome aberration data in liver cells of 

eipbryos and bone marrow cells of adult F- Individuals 

analysed before revealed that frequency was much hi^er 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). 

The 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 comilDined data of 

male and female specimens of control line of different 

v/eelcs did not differ appreciably* The maximvan difference 

of 6.50% found between male and female embryos v/as In the 

1st Xfjeek. 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 

significant difference In the two sexes and secondly the 

sex ratiQ vjas upto the expectation. The data of male and 

female embryos in the treated line had some limitation 

because no implantation was found in ist* 5th, 6th week 

and in the remaining four v/eaHs the average frequency of 

aberration was variable to some extent. The maximum 

difference found in 4th week treated line v/as 28 • 0% in 

male erribryos 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 weelcŝ , the average aberration frequency v;as .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 aberration . 

frequency in bone marrow cells of P« males and females 

of control line (Table 22) did not show mnch difference 

except in 1st week. In a total of 15 males and 19 females, 

the average aberration frequency was 4.0 in males and 5.49 

in females. Therefore^ though the aberrai:ion frequency in . 

F. female embryos and adults was little higher than that 

of jfiales 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 

betv;een F^ males and female was appreciabJ.e 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, OTierefore, 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 glaring 

difference found in some individual week could be due to 

the limitation of sampling. 
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Table 22 

Sex-wise compiled data of chromosome aberration in liver-

cells of ISddciy old embryos (Table 15) and bone marrow 

chroiTOSomes in 3 month old P. individuals (Table 19) of 

control and treated lines of different weeks 

In liver of 15 day old embryos 

Week Sex 
Cnnt.rnl Treated 

Average aber. Week Sex Average aber, 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

6 male 
8 female 

4 male 

6 female 

6 male 

4 female 

8 male 

7 female 

6 male 

5 female 

6 male 

7 female 

6 male 

9 female 

6,50 

5.87 

6.50 

7,50 

4.83 

5.50 

4.75 

4.85 

4.00 

5.80 

4.66 

6.28 

4.50 

4.88 

1st No 

2nd 

3rd 

4th 

6 male 

4 female 

6 male 

9 female 

7 male 
8 female 

Implantation 

13.00 

18.50 

14.50 

15.57 

28.00 
19.75 

5th S 

6th No Implantation 

7th 5 male 27.00 

3 female 31.66 

Total 42 male 

46 female 

5.11 

5.81 

24 male 20.62 

22 female 21.37 
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Table 22 (Contd.) 

> -• ' 

Week 

1st 

2nd 

3rd 

< 1 

4th 

Total 

In bone 
^Control 

Sex -

2 male 

2 female 

5 male 

8 fmelae 

2 male 

3 female 

6 male 

6 female 

15 male 

19 female 

Average aber. 

7.00 

4.66 

4.80 

6.00 

6.50 

6.00 

6.00 

5.23 

4.00 

5.49^ 
* 

marrow leells'" 

WeeK 

1st 

2nd 

3rd 

4th 

Treated 
Sex Average aber. 

1 
2 

4 
4 

1 
2 

3 

5 

9 
13 

male 

female 

male 

female 

male 

female 

male 

female 

male 

female 

37.00 

33.00 

33.25 

25.00 

38.00 

28.00 

28.66 

57.00 

34.22 

35.75 
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G, Meiotic chromosome aberrations in 3 month old F̂^ males t 

^ e Pĵ  iinale individuals of 3 month old of both 

control and treated lines when saGrificed for the study 

of the bone marrow chromosome'aberration,- the meiotic 

chromosome preparations from their testes were also made 

separately according to the method described before. The 

frequency of alberratlon has been assessed In spermatogonia 1 

metaphase, dial^inesis^ metaphase I and metaphase II but the 

paucity of the dividing cells limited the datai 

Spermatoqonial metaphase s 

The chromosome aberration types in spermatogonia! 

mataphases were of similar nature as described in the 

Pseudomonas culture treated males described before. The 

aberrations v/ere individual types consisting of chromatid 

break, acentric fragment, centric fusion* precocious 

centromerlc separation etc. (PM 86-90; Pigs, 76-81) and gross 

types consisting of n-umerical changes, stickiness etc. ihe 

individual type aberrations were limited in control series 

in comparison to that of treated series. Anyhow the 

aberration frequency in males in different weeks for both 

the control and the treated line was determined to 

eonpare the effect. 

Control line i 

1st week:rl :--cr. r , . 

Two male individuals of the 1st week control line 

had no individual type aberration in 150 spermatogonial 



Explanatiion of ̂ o-̂ ;pmicrocrraphs 

Photomicrographs of some affected spermatogonia! 

metaphase in male germinal cells of P- individuals 

produced after mating of normal females to 

Pseiadomonas culttire treated males. 

I'M 86'. Spermatogonial metaphase plate with a 

constricted chromosome* 

R4 87. A fragment of tinlmown 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, sons showing centric fusion. 



••I •-• 
^1-:^^' 

m 
88 

90 

89 



Explanation of figures 

Camera lucida drawing of a part of speirmatogonial 
metaphase in F, showing different types of aberrations 

Fig. 76. A chromatid break. 

Fig, 77, A chromatid break. 

Fig. 78, A fragment• 

Fig. 79, A fragment. 

Fig. 80. A centric fusion between the chromosomes. 

Fig. 81. Precocioxis centromeric dissoicatlon of a chromosome, 



»J7 

76 

* * 

78 

• • 

8 0 

77 

V 

79 
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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 i 

In 2 F males of a 2nd w e ^ P^ control line, the 

total spermatogonial aberration frequency was 7,14% in one 

individual and 9.41% in another. In the coiribined data of the 

tWD/ out of 155 plates the average frequency was 8.38%. In 

3 F^ males of another nrather of 2nd week control line, 

the frequency of aberrations ranged between 2.63% and 23.8%. 

In one individual it was particularly absent except for 

a polyploid cell. In a total of 111 spermatogonial metaphases 

examined in 3 individuals, the average fre<5uency was 10.81% 

(Table 23). 

3rd v/eek t 

In 2P- 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), 

4th week 8 

In 3 F^ 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%. Ihree other 

P- individuals of another feother 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 spermatogonl.al metaphases, 

the average frequency was 8.17%. Therefore, in F. 

individ\ials of 1st week to 4 week control lines, the average 

frequency of sperraatogonial chromosome aberrations ranged 

between 6,33% and 12.76% of v/hich the frequency of 

Individual type was conspicuovis ly low. It was absent in F, 

individual of the 1st vjeek control line, 7 in 266 or 2,63% 

in the 2nd week, 1 in 141 or 0,92% in the 3rd week and 11 

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

Treated line i 

As compared to the control line, data of the 

sperma to gonial chromosome aberrations v;ere limited in the 

treated line but the frequency was significantly hic^. 

1st week : 

In one F- individual of 1st week, 15 spermatogonial 

metaphases were observed. The frequency of total aberration 

was 46,6% of v)hich none was of individual type (Table 23). 

2nd week « 

In two Fj 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 vjee'k i 

In one F^ individual of 3rd i-zeek t r ea t ed l i n e , out 
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of 25 sperma to gonial tnetaphases, the frequency of t o t a l 
aberra t ion was 41,33% of v/hich 8 or 10.6% vjere individxoal 
type (Table 23) . 

4th week : 

In fotir P. individuals of 2 mothers of 4th week, 1 

had no aberration out of 24 plates examined while in the 

retaining 3 individuals, the average frequency was 61.840^ 

In a total of 135 spermatogonia1 metaphase plates examined 

only 3 or 2.2% were individxial type (Table 23). 

!Ihe chromosome aberration data in spermatogonial 

mstaphases of P- individtials if combined in control line 

and compared with that of treated line, the frequency would 

be fo\and conspicxiously 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, 41.33% 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 of 

individual type aberration was relatively low both in control 

and treated series. It was absent in both cases in 1st 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 of all 4 X'/eeks v;hile it was lictle lower in the 

4th week. 



Table 23 

Frequency distribution of chromosome aberrations in Stermatogonial metaphase cells of 30 day 
old Pj males of control and bacterium P« aerqginosa. treated mating male parents of different weeks 

Fix, Ind, Cells Individual type aberrations Giross type aberrations Grand % 
cotin*. Break type Piiv.tvpe Total Num. Others Tbtal total 

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

Mother I 
Control 

1 7 5 - - - - - 7 - 7 7 9.33 
2 7 5 - - - - - 4 1 5 5 6.66 

Total 

wk 

1 

Total 

150 

15 

15 

-

m. 

-

-

. 

o. 

-

_ 

— 

-

«. 

-

-

5teated 

» 

11 

2 

2 

1 

5 

5 

12 

7 

7 

12 

7 

7 

8.00 

46.60 

46.60 

2nd 
wk 1 

2 
70 
85 

Control 
2 2 1 3 5 7.14 
3 3 2 5 8 9.41 

Total 155 1 1 1 2 5 5 3 8 13 8.38 
-4 
Ui 



Table 23 (Contd.) 

Fix* Ind. Cells Individual type aberrations Gross type aberrations Grand 
coun. Break type Ph.type Total Num. Others Total total 

Chr, ftrag. Trans./ Gaps & cha. 
Asso. cons* 

2nd 
Mother I 

Treated 

1 22 - - • - - - 2 H 13 13 59.09 
2 35 2 1 2 - 5 6 5 11 16 45.71 

3rd 

1 60 
2 81 

Total 57 2 1 2 - 5 8 16 24 29 50.87 

Mother II 
Control 

1 2 1 - - - 1 1 2 2 
2 38 «. «« — — ». 1 •• 

3 5 2 - - - 1 1 5 

Total 111 - - - 2 2 8 2 10 12 10.81 

4 

1 

5 

5 

1 

6 

23.80 

2.63 

11.53 

Mother I 

Control 

-

1 

-

1 

4 

3 

6 

4 

10 

7 

10 

8 

16.66 

9.87 

Total 

1 

Total 

141 

75 

75 

<•> 

2 

2 

-

1 

1 

«* 

3 

3 

1 

Treated 
2 

2 

1 

8 

8 

7 

8 

8 

10 

15 

15 

17 

23 

23 

18 

31 

31 

12.76 

41.33 

41.33 



Table 23 (Gontd.) 

Fi3c. Ind. Cells 
Uo» covin* 

Individual type aberrations Gross type aberrations 
Break tv7?e Phv,tvv>e Total Num. Others Total 

Chr, Prag, Ttans/ Gaps & cha* 
As so. Gons. 

Grand 
total 

4th 
wk 

1 

2 

3 

100 

100 

100 

1 

1 

Mother I 

Control 

1 3 
2 4 

5 

3 

7 

6 

4 

9 

6,00 

4,00 

9*00 

IS»a1 300 4 10^ 15 19 6.33 

Treated 

1 45 

2 30 

3 24 

22 

20 

13 

1 

35 

21 

35 

22 

41.33 

73.33 

Total 99 42 14 56 57 57.57 

1 55 
2 87 
3 66 

Mother II 

Control 
2 
2 3 
3 4 

2 
1 
• 

2 
4 
4 

4 7.23̂  
6 6.89 
7 10.60 

^tal 

1 

^tal 

208 

60 

60 

2 

-

1 

. ^ • 

1 

2 

2 

3 

-. 

7 7 

Treated 

2 S3 

2 23 

3 

1 

1 

10 

24 

24 

17 

26 

26 

8.17 

43.33 

43.33 

•J 
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o:he frequency of chromosome aberration in 

spermatogonia1 metaphases specially treated line males 

was high 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 genetiaal significance of the 

breaJc type ones was knovm. In spite of the low frequency 

they were relatively more in the treated line, therefore, 

the chromosome aberration frequency vjas found higher in 

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 paranoial generation for 

which frequency of aberration both in somatic and germinal 

chromosome was hl^er than that of control. 

Biakinesis ? 

Like spermatogonial metaphases, not very many 

diakinesis cells were encountered per individual of both 

control and treated P^ males (Table 25)* The aberration 

were individual types consisting of chromosome and chromatid 

breaks, fragments, translocation or bivalent association, 

precocioTxs separation of autosomes and sex chromosome and 

gross types showing stickiness, polyploidy etc* (PM 91-95; 

Pigs, 82-91), 

Control lines : 

1st week s 

Two P- individuals of 1st week control line had the 



Explanation of , Photomiciroqraphs 

Photomicrographs of some affected Diakinesis in male 

germinal cells of F^ individuals produced after mating 

of normal females to ̂ seudomonas culture treated n^les 

iW 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* 



f J ^ ? ^ 
'i'-/. 

91 oe 
^ 

\ 

> O 
/ 

' • " ^ ^ 93 
« > , /i 

- ^ ^ 

. k 95 



Explanation of ficmres 

Camera lucida drav;ing of a part of diaXinesis nuclei 

of P- males showing different types of aberration. 

Pig« 82• A bivalent with a chromosome breaX. 

Pig, 83, A bivalent with a chromosome constriction. 

Pig, 84, A bivalent with a chromatid break. 

Pig. 85i A bivalent with a chromosome break, 

Pigi 86, A fragment of unknown origin* 

Pigs, 87 and 88, A translocation or bivalent association. 

Fig* 89, A multivalent, 

Pigif 90. Precocious separation of the autosomes and a 

multivalent, 

Pigi 91, 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 precocloxis 

separation of autosome and sex chromosome pair were absent. 

Thus out of total 75 dlaklnesls nuclei, the total frequency 

was 8.0% of which 3 or 4% were cases of precocloxis separation 

(Table 25). 

2nd week s 

In the 2nd week control line 2 P, individuals of one 

mother and 3 of another mother had aberrat.lon frequency 

ranging between 5,71% and 14.28% of which the frequency of 

indlvidxial type was relatively low (Table 25). 

3rd week i 

Two P- Individuals of a 3rd week mother, the aberration 

frequencies were 3.33% and 7,27% of which the Indlvidxial 

types consisted only some precocious separation cases (Table 

25). 

4th week : 

Six F^ individuals 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 cellji 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 dlaklnesls cells (Table 25), 



Table 24 

Compiled data of chromosome aberration in spertna to gonial raetap»hase cells of P- males of 

control and bacterixira, P, aeruginosa treated mating parents of different x̂ eeks. Control 

data are in brackets. 

Fix. 

1st 
wk 

2Eid 

wk 

3rd 
wk 

4th 
wk 

Total 

Ind. 
No. 

1 

(3) 

2 

(5) 

1 

(2) 

4 

(6l 

8 

(15) 

Cells 
coun. 

15 

(150) 

57 

(266) 

75 

(141) 

159 

(508) 

306 

(1065) 

» 1 

Individual type aberrations 
Break tvpe Ph.type Total 

Chr. Frag. Trans/ Gaps & 
Ass. cons. 

• 

(-) 

2 

(1) 

2 
(-) 

1 

(4) 

5 

(5) 

(-) 

1 

(1) 

1 

(.) 

. 

(2) 

2 

(3) 

(-) 

2 

(1) 

3 

(-) 

2 

(1) 

7 

(2) 

U) 

9 

(4) 

2 

(1) 

. 

(4) 

2 

(9) 

(-) 

5 

( 7) 

8 

( 1) 

3 

(11) 

16 

(19) 

Gross type aberrations 
Num. Others Total 
cha. 

2 

(11) 

8 

(13) 

8 

( 7) 

65 

(17) 

83 

(48) 

5 

( 1) 

16 

( 5) 

15 

(10) 

15 

( 8) 

51 

(24) 

7 

(12) 

24 

(18) 

23 

(17) 

80 

(25) 

134 

( 72) 

Grand 
total 

7 

(12) 

29 

(25) 

31 

(18) 

83 

(36) 

150 

( 91) 

% 

46.60 
( 8.00) 

50.87 

( 9.39) 

41.33 

(12.76) 

52.20 

( 7.08) 

49.bl 
( 8.54) 

»-» 
00 

o 
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Treated lines : 

The nxmiber of male individuals available for the 

study of diakinesis cells was less than that of control, 

1st v/eek s 

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 s 

In the two F^ 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 s 

In one P̂^ individual of 3rd week treated line, the 

frequency of aberration in diakinesis vjas 34,28%. 

4th week : 

In the 4th week treated line 3 individuals of one 

mother had the aberration frequency JLn 147 diakinesis cells 

ranging between 27.69% and 40.0% and the average was 32.65%. 

In 1 F^ 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 chronosomal aberration at diakinesis stage did 

not vary very v/idely in the control lines of four weeks 

mating. Wie 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 occtirrence 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 

associai^ion etc, were in low frequency in the treated series 

V7hile they were very rare or absent in control line (Table 26). 
t 

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 occiirrence of higher frequency of chromosome 

aberration in I*- generation of the treated lines would lead 

us to think that it was due to mutagenic factor 6riginated 

by the treatment of Pseudomonas culture in male parent was 

transmitted to the P^ generation through the chromosone 

vehicle, 

Metaphase I 

Cihe t̂ jpes of chromosome aberrations found in 

metaphase I plates were more or less the same as found in 

the diakinesAs stage.-. There were both individual type 

and gross tyî e aberrations (PM 96-lOOy Figs. 92-97). 



Explanation of Photomicrograph 

Photomicrographs of some affected metaphase I in male 

germinal cells of F. individuals produced after mating 

of normal females to Pseudomonaa culture treated males. 

PM 96, Aneuploid metaphase I plates* 

PM 97. Two chromatid breaks, one translocation and 

the precocious separation of an autosome, 

PM 98 . A quadrivalent of association. 

PM 99. Tf-ro plates, one with precociotis separation of 

autosome. 

PM 100. 20 bivalents, of which one showing prec6cious 

separation. 
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Explanation of f icfxares 

Camera lucida drawing of a part of metaphase I 

piates showing different types of aberrations. 

Pig, 93. A chromatid break. 

Pig,' 93, A chromatid break. 

Fig,' 94, A chromatid break. 

Pig,' 95, A bivalent association or translocation^. 

Pig, 96, A bivalent association. 

Pig. 97, Ihe precocioxis separat ion of autosomes and sex 
chronK>scmes . 
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Table 25 

Frequency distribution of chromosome aberration In dialcinesis cells of P^ males of control and 
the bacterium, P. aeruginosa treated mating parents of different week 

Fix. Ihd, GelIs Individual type aberrations Gross type aberrations Grand 
No. coun. Break type Ibtal. Num«, Others Total total 

Chr,, Frag. Mute/ Pre.sgp ch, 
Asso. Aut. Sex 

1st 
V7k 

1 

2 

40 

35 

1 

1 

>. 

1 

Mother I 
Control 

1 

2 •S-

4 

2 

10.00 

5.72 

5btal 

1 

Total 

75 

40 

40 

• ' • ' • 

1 

1 

*•*-

-

"-. 

4 

4 

2 

.-. 

^ 

1 

- • • 

-'. 

2 

Treated 

5 

5 

'̂  . 

— 

;-

3 

S 

5 

3 

S' • 

5 

6 

10 

10 

8.00 

25.00 

25.00 

2nd 
wk 1 

2 

50 

45 

t;onT:r 

1 

1 

Ol 

'•>' 

,,̂, 

~ 

0 
3 

2 

3 

3 

4 

6.00 

8.88 

Total 95 7.36 

1 

2 

25 

45 

2 

2 

3 

1 

1 

3 

Treated 

8 1 

8 4 

7 

3 

8 

7 

16 

15 

64.00 

33.33 

00 

Total 70 4 4 16 10 15 31 44.28 



Table 25 (Contd.) 

F i x , I nd , C e l l s I n d i v i d u a l t y p e a b e r r a t i o n s Gross t y p e a b e r r a t i o n s Grand % 
No, cot int . Break t y p e P r e . s e p . T o t a l Num. Others T o t a l t o t a l 

Chr, P r ag . Mute/ Aut . Sex c h a . 
As s o . 

Mother I I 
2nd 
wk C o n t r o l 

1 -ae 2 - - 1 • 3 2 2 4 

2 70 1 - - 1 1 2 - 2 2 

3 4 0 - - - 2 - 2 2 1 3 

Total 159 3 - - 4 1 7 4 S 9 16 10.06 

Treated 
1 Reduced t e s t e s 
2 Do 

7 
4 

5 

14.28 
5.71 

12.50 

3rd 
wk ^tother I 

C o n t r o l 
1 . 3 0 - - - - 1 i _ - _ 1 3.33 
2 55 - - - 1 1 2 - 2 2 4 7 .27 

' . 1 1 • - 1 1 • I - * 

^ t a l 85 - - - 1 2 3 - 2 2 _ 5 5.88 ^ 

Trea ted 
1 35 2 1 1 3 - 7 1 4 5 12 34 .28 

^ t a l 35 2 1 1 3 - 7 1 4 5 12 34 .28 



Table 25 (Contd.) 

Fix, Ind. Cells Individual type aberrations 
Ho., count. Break type Pre.sep. Total 

Chr, grag. Mute/ Aut. Sex. 
Asso. 

Gross type aberrations Grand % 
N\am. Others Total total 
ch. 

4th 
wk 

1 65 

2 75 

3 85 

Mother I 

Control 

2 

2 

1 3 

2 

3 

1 

3 

3 

3 

5 7.69 

5 6.66 

6 7,05 

Total 225 16 7,11 

1 

2 

3 

35 

47 

65 

3 

3 

3 

1̂ 

-

•M* 

-

4 

3 

4 

7 

8 

3' 

4 

3 

7 

5 

7 

10 

9 

10 

14 

16 

18 

40.00 

34.04 

27.69 

Total 147 19 10 19 29 48 32.65 

1 49 

2 45 

3 95 

Mother II 

Control 
4 t 

2 2 

5 

2 

2 

2 

3 

4 

7 

7 

6 

7 

14.28 

13.33 

7.36 
03 

Total— 

1 

Total 

IRQ 

35 

35 

1 

2 

2 

1 

1 

1 

1 

1 

t -

3 

1 

1 

6 
Ideated 

5 

5 

R 

2. 

2 

fi 

5 

5 

14 

7 

7 

20 

12 

12 

IO.«;R 

34.28 

34.28 
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Control line i 

1st week » 

In the first week contror line two P- male 

individuals had out of 100 plates each 8,0% and 7.0% 

aberrations oE which 3,0% and 5,0% were individual types 

respectively (Table 27), 

2nd vTeek t 

In the 2nd week control line, 100 plates from each of 

two F^ individuals of one mother had 1,0% in one and 8.0% 

aberration in another individual. On the other hand, theee 

Fj males of a 2nd mother, the aberration frequency varied 

between 4,0% and 8.0%. The average frequency was 6.0% (18 

in 300 pia^E^) (Table 27), 

3rd week : 

In two 1?^ individuals of the 3rd week control line 

the aberration frequency determined in 100 plates each v/as 

1,0% and 3,0%- and the average frequency was 2,0% (Table 27). 

4th week t 

In three F^ 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 individuals of another 

mother the ab̂ erration frequency ranged between 5.0% and 

8,0% (Table 27). 
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Treated line s 

1st week t 

In thei 1st week treated line one F^ male individual 

had out of 100 plates 30,0% aberrations. 

2nd week i 

Xn two P- male individuals of 2nd week treated line 

out of 100 plates each, there were 34.0% and 36,0% aberrations 

(Table 27), 

3rd t^ek » 

One Pj individual of 3rd week treated line had out of 

100 metaphase? plates 42,0% aberrations, 

4th V7eek 4 

In three P̂^ male individuals of 4th week treated line 

out of 100 metaphase plates, the aberration frequency ranged 

between 15.0'6 and 73.0% while 1 individual of another mother 

had 43.0% aberrations (Table 27). Therefore, at metaphase I 

the frequency of chromosome aberration was much higher than 

that of contirol. The compiled data of chroirosome aberration 

frequency at metaphase I (Table 28) of four week control and 

treated line.-s would show that the average chromosome 

aberration frequencies were 30,0% in the treated line 

against 7*5% in control line of the 1st 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 v/eek and 36,87% against 



Table 27 

Frequency distribution of chromosome aberration in metaphase I cells of P^ males of bacterixim, 

P, aeruginosa treated and control males mating parents of different weeks to virgin females 

PjLx. Ind, 
No. 

1st wk 

1 

2 

Tofial 

1 

Ibtal 

2nd wk 

1 

2 

Ibtal 

1 

2 

Total 

Cells 
count. 

100 

100 

200 

100 

100 

100 

100 

200 

100 

100 

200 

Individual tvp 
Break tvpe 

Chr 

-

-

mm 

5 

5 

-

-

•. 

2 

5 

7 

• Frag. 

-

-

-

1 

1 

-

-

-

-

-

« • 

Mute/ 
ASSO. 

-

1 

1 

2 

2 

-

-

-

3 

4 

7 

le aberrations 
Pre.set). Total 
Aut. Sex 

3 

2 

5 

6 

6 

-

3 

3 

9 

9 

18 

Mother I 

Control 

«?• 

2 

2 

Treated 

5 

5 

Control 

-

3 

3 

3 

5 

8 

19 

19 

-

6 

6 

Treated 

9 

8 

18 

23 

26 

49 

Gross 
Num. 
cha. 

• 

1 

1 

7 

7 

» 

1 

1 

6 

8 

14 

tvpe aberrations 
Others Total 

5 

2 

6 

4 

4 

1 

1 

2 

5 

2 

7 

5 

3 

7 

11 

11 

1 

2 

3 

11 

10 

21 

Qrand 
total 

8 

7 

15 

30 

30 

1 

8 

9 

34 

36 

70 

% 

8.00 

7.00 

7.50 

30.00 

30.00 

1.00 

8.00 

4.50 

34.00 

36.00 

35.00 

00 
00 



Table 27 (Contd.) 

Plx. Ind, Cells 
No, count. 

Individual type aberrations 
Brealc type Pr&^sep^ 

Chr, Frag. Mute/ Aut, Sex 
Asso. 

^ Gross type aberrations Grand 
Total Ntim. Others Total total 

cha. 

% 

2nd wk 

1 

2 

3 

100 

100 

100 

3 

2 

1 

2 

. 

2 

Mother i: 

Control 

= 5 

2 

4 

t 

1 

1 
.. 

2 

1 

2 

3 

2 

2 

8 

4 

6 

8.00 

4.00 

6.00 

Total 300 4 11 18 6.00 

Treated 

1 Reduced testis 
2 Do 

3rd wk 

1 

2 

100 

100 

1 

1 

Mother I 

Control 

1 
2 

1 1.00 
3 3.00 

Ototal 200 4 2.00 

100 8 10 

Trea ted 

25 7 10 17 42 42.00 
00 

Tota l 100 8 10 25 10 17 42 42.00 



Table 27 (Contd.) 

Fix.. iDd. 
No. 

Cells 
coxrnt. 

Individual type aberrations 
Break tvtae 
Chr. Frag. Mute/ 

Asso. 

Pre-sep. 
Aut. sex 

______ Gross type aberrations Grand 
Total Num. Others Total total 

cha. 

% 

4th wk 

1 
2 

3 

100 

100 

100 

2 

3 
. 

2 

3 

2 

-

-

2 

Mother I 

Control 
4 1 

6 

4 2 

-

3 

1 

1 

3 

3 

5 

9 

7 

5.00 

9.00 

7.00 

^tal 300 14 4 21 7,00 

1 

2 

3 

100 

100 

100 

-

1 

3 

Total 300 

1 100 

2 100 

3 100 

Treated 

18 7 4 29 19 

- 1 1 3 10 

- 4 4 11 3 

25 

2 

8 

44 

12 

11 

18 12 43 32 35 67 

Mother II 
Control 

2 

4 

3 

2 

5 

1 

3 

3 

3 

8 

73 

16 

22 

73.00 

15.00 

22.00 

110 36.66 

5 

7 

8 

5.00 

7.00 

8.00 

%tal 

1 

Total 

300 

100 

100 

-

2 

2 

1 

1 

1 

1 

3 

3 

3 

15 

15 

1 

3 

3 

6 10 

Treated 

24 14 

24 14 

4 

5 

& 

14 

19 

19 

20 

43 

43 

6.66 

43.00 

43.00 

O 



Table 28 

Complied data of frequency distribution of chromosome aberration in meftaphase I cells of P^ males 

of control and the bacterium,- P, aeruginosa treated males mated with normal females at different 
weeJcs 

Fix, 

1st 
wk 

2nd 
wk 

3rd 
wk 

4th 
wk 

Ibtal 

(Control data 

Ind. 
No. 

1 

1 2) 

2 

(S) 

1 

(2) 

4 

(6) 

8 

(15) 

Cells 
count* 

100 

( 200) 

200 

( 500) 

100 

( 200) 

400 

( 600) 

800 

<1500> 

are in brackets) 

Individual 
Break tvpe 

Chr. 

5 

( -) 

7 

(-) 

3 

U) 
6 

(-) 

21 

( -) 

Frag, 

1 

(-) 

.. 

M 

1 

(-) 

1 

(1) 

3 

(1) 

Mute/ 
Asso. 

2 

(l) 

17 •• 

(1) 

3 

(̂ ) 

21 

( 6) 

33 

(8) 

type 
Pre* 
Aut. 

6 

( 5) 

-18 

( 9) 

8 

( 1) 

27 

(10) 

59 

(25) 

aberrations 
set), 5total 
Sex 

5 

( 2) 

17 . 

( 7) 

10 

( 2) 

12 

( 3) 

44 

(14) 

19 

m 
m-
(17) 

2R 

( 3) 

67 

(20) 

160 

(48) 

Gross 
Num. 
cha. 

7 

( 1) 

14 

( 3) 

7 

( -) 

46 

(13) 

74 

(17) 

type aberrations 
Others Total 

4 

( 3) 

7 

( 6) 

10 

( 1) 

40 

( 8) 

61 

(18) 

11 

( 7) 

21 

( 10) 

17 

( 1) 

86 

( 21) 

135 

( 39) 

CSrand 
total 

30 

( 15) 

70 

< 27) 

42 

( 4) 

153 

( 41) 

295 

( 87) 

9 

30, 

( 7, 

35. 

C 5, 

42, 

( 2, 

38, 

( 6. 

36. 
(5. 

i 

.00 

.50) 

• 00 

.40) 

iOO 

,00) 

,25 

•80) 

.87 

,80) 

VO 
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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 foxxc weeks in the treated and control line 

respectively. Therefore, the aberration frequency 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 

P^ generation in the treated line, 

Metaphase II : 

tftilike 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, Ihese made some difficulty for an acurate 

determination of the chromosome aberration though the 

frequency was hi^er in the treated line than that of 

control. The aberration could also be put \ander two 

categories as individual and gross types (PM 101-106; 

Figs, 98-107), 

Control line : 

1st week t 

In the 1st week control line, two F̂^ males had the 

file:///ander


Explanation of PjhotomicrocDfaph 

Photomicrographs of some affected metaphase II in male 

germinal cells of F̂^ individuals produced after mating 

of nortnal females to Pseudomonas cultiire treated males 

PM 101 i- A chromatid breaJc,-

pn 102. A chromatid break and a constriction. 

f44 103. A Chromatid break and a constrictions. 

PM 104, Two fragments and one centromeric dissociation. 

PM 105. One break, one fragment and a constriction. 

PM 1(^, A pol3^1oid plate. 
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Explanation of flcftrres 

Camera Iticlda drawing of a part of metaphase II plates 

showing different types of aberrations. 

Pigs. 98-103, Each with a chromatid break. 

Pigs. 104-105.. Each with a fragment of imknown origin. 

Pigs. 106-107i, 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). 

.2jnd week j 

In the 2nd week control line two P- males had 16,0% 

and 18,03% aberration frequencies consisting both individual 

and gross type aberrations. In a total of 136 plates 

examined the average frequency was 16,91%, In three F. 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 t 

In t-wo F. individuals of a 3rd week control line 

mother, the aberration frequencies at metaphase II were 

5,26% and 7,27%* In a total of 112 plates the average 

frequency was 6,25% (Table 29). 

4th week : 

In three F. 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 frequency was 12.16%. In another three P^ 

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 



194 

control line the average aberration frequency appeared to 

be more than v/hat was found in spermatogonial metaphase, 

diakinesis and metaphase I, Ihis V7as possibly due to some 

difficulty in determining the aberrations as mentioned 

already. 

Treated line : 

Ist week t 

One treated line F^ male of 1st week had 30 plates 

showing varioiis types of aberrations and the frequency of 

all types taking together was 53,33%. 

2r̂ d week t 

Two treated line F^ individuals of a 2nd week had 

the aberration frequencies of 59.52%, 66.0%. The average 

was 63.04% (Table 29). 

3rd v/eek : 

In one P^ individual of 3rd week treated line, the 

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

examined. 

4th week s 

In 3 F^ individuals of a 4th week treated line, the 

aberration frequencies ranged between 26,66% and 68.28%. 

In a total of 63 metaphase II plates the average frequency 
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was 49.2%, In another one F, individual of a different 

mother had the aberration frequency of 21.60% (Table 29). 

The frequency xîas 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 

weejc control and treated lines would show that in 1st xnreelc, 

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 v/eeks taken together (Table 30). Therefore, the 

frequency of aberration at metaphase II in the treated line 

was strikingly higher than that of control line. 

If the data of net increase in the aberration frequency 

in 4 week treated lines were compared between spermatogonia! 

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 spermatogonia! 

metaphase, 25.79% in diaklnei^s, 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, Ptirther> the 

spermatogonia! metaphase appeared to be more susceptible and 

the next one v;as metaphase II, In the other words, the 



196 

mitotic chromosomes like that of bone marrow cells, 

spermatogonial roetaphase and metaphase II appeared more 

vulnerable than that of chromosomes of diaminesis and 

metaphase I, 

^ e result of the lethal test presented before has 

indicative of the induction of mutation for the treatment 

of log-cultiire of Psejudomonas to male parents which has 

also been supported by the occurrence of the higher frequency 

of chromosome aberration observed in the living individuals 

of Pĵ  generation. Therefore, the log culture of Pseudomonas 

contained some genotoxic agents which might have induced 

chroiTODSomal mutgtion in mice. 



Table 29 

FJcequency distribution of chromosome aberration in raetaphase II cells of F^ males of bacterituu, 

£• aeruginosa treated and control males mating parents of different weeks 

Fix* Ind, Cells 
No, count* 

Individual type aberrations 
Break type Phv»type 'Sotai 

Ghr i Prag s Trans; Gaps & 
Asso. conS>, 

Gross -type aberration Grepid % 
Num. Others Total total 
cha. 

Mother i 

G5ontrol 
.-.: • 3 

1 

2 

3 

.5 • 

4 

5 

4 

8»33 

6*15 

1st wk 

1 

2 

60 

65 

Itotal 125i 7.20 

30 4 

Treated 

« » . • 8 B m 53,33 

Total 30 

2nd w6 

1 

2 

75 

61 

4 

3 

1 

1 

2 

8 8 8 

Pfother Z 
Control 

5 2 

3 4 

5 

4 8 

16 

12 

11 

53,33 

16,00 

18.03 

Obtal 136 

1 42 

2 - 50 

Obtal 92 

4 

3 

6 

9 

3 

2 

4 

6 

«.. 

2 

3 

5 

1 

1 

1 

8 7 

Treated 
7 7 

14 4 

21 11 

9 

11 

15 

26 

15 

18 

19 

37 

23 

25 

33 

58 

16.91 

59,52 

66.00 

63.04 

VD 



Table 29 (Contd.) 

Fix. Ind. Cells Individual type aberrations 
No. count. Break type 

Chr. Frag» Trans, Gaps & 
/ASSO. COBS. 

Gross type aberrations Grand % 
Phy.^ype Total Num. Others Total total 

cha. 

2nd Wk 

1 45 1 -
2 38 2 1 
3 52 - 2 

^ther II 

Control 

2 

3 

4 

2 

1 

2 

2 

3 

5 

4 

4 

7 

6 

7 

11 

13.33 

18.42 

21.15 

Total 

1 
2 

135 3 3 

Reduced testis 
Do 

<»•' 3 9 

Treated 

5 10 15 24 17.77 

3rd wk 

1 
2 

57 
55 

Mother 1 
Control 

1 2 

1 

«. 

3 

2 

4 

3 

4 

» 

5.26 

7.27 

Total 

1 

Total 

112 

68 

68 

-

8 

8 

-

2 

2 

-

» 

-

1 

2 

2 

1 3 , 

Treated 

12 3 

12 3 

3 

15 

15 

6 

18 

18 

7 

40 

40 

6.25 

58.82 

58.82 

(D 



Table 29 (Contd.) 

Fdbc. Ind. Cells Indivldt3,al type aberrations Gross type aberrations Grand % 
No. cdxant. Break type Ph.type Total Nam. Others Total total 

Chr. Frag. Trans. 'Gaps & = cha. 
/Asso• cons, 

4th wk 

1 65 2 

2 45 1 

3 79 -

1 

2 

Mother I 

Control 

3 

2 

2 

2 

4 

6 

4 

8 

7 

6 

10 

10.76 

13.33 

12.65 

Total 189 4 12 16 23 12.16 

1 

2 

3 

20 

15 

28 

1 

1 

1 

2 

9 

2 

IS 

9 

3 

17 

9 

4 

18 

45.00 
26.66 
64.28 

Total 63 26 29 31 49.20 

1 
2 

3 

105 
55 
39 

3 
* 

1 

2 

3 
1 

Mother II 
Control 

7 2 

3 
2 

4 

4 
2 

6 

4 

2 

13 12.38 

7 12*72 

4 1(^25 

Total 

1 

2total 

199 

37 

37 

4 

-«•» 

4W 

6 

-

«. 

«• 

2 

«» 

-

12 2 

Treated 

w 6 

6 

10 

2 

2 

12 

8 

8 

24 

8 

6 

12.06 

21.60 

21.60 



Table 30 

Coraplled data of frequency distribution of chromosome aberrations in metaphase II cells of P^ 
males of control and bacterivrai, P, aeruginosa treated mating parents of different (Control data 
are brackets) 

Fix. No.of Cells 
Ind. count. 

Individual tvx>e aberrations 
Break type -.. ̂  

Chr. Prag. Trans/ Gaps & 

^ (̂ ross type aberrations 
•Riy.tvpe , Total Num. Others Total 

cha. 

Grand 
total 

% 

1st 1 30 4 2 1 1 
^^ ( 2) (125) (-)(-) (-) ( -) 

2nd 2 92 9 6 5 1 

•̂'̂  ( 5) (271) ( 7) ( 6) (-) ( 4) 

3rd 1 68 8 2 - 2 
'̂̂  ( 2) (112) ( .) ( -> U) ( 1) 

4tti 4 100 1 - - 1 
"^^ ( 6) (388). (7) ( 5t) (-) ( 5) 

8 

( -) 

21 

(17) 

12 

( 1) 

2 

(19) 

-

( 4> 

11 

(11) 

3 

( 3) 

9 

( 6) 

8 

( 5) 

26 

(19) 

15 

( 3) 

26 

(22) 

8 

( 9) 

37 

(30) 

18 

( 6) 

37 

(28) 

16 

( 9) 

58 

( 74) 

40 

( 7) 

39 

(47) 

53.33 

( 7.20) 

63.04 

(17.34) 

58.82it^ 

( 6*25) 

39.00 

12.11) 

Total 8 290 22 10 6 5 
(15) (896) (14) (13) (-) (10) 

43 23 77 100 153 52.75 
(37) (24) (49) ( 73) (110) (12.27) 

to 
o 
19 
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D, Sperm co\int i n 3 month o ld P- males » 

With a view to finding out if there was any effect 

on sperm number and sperm head morphology in the epididymal 

sperm santples of F^ treated line males against that of 

control line, these tests were carried out in the same 3 

month old P- male individuals as they were used for the 

chromosome aberration study in the somatic and germinal 

cells described before. 

Sperm depletion test » 

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 » 

In first week control line, count of sperms in left 

and ri^t. epididjmies in two F- male individuals did not. 

show an appreciable difference. The average count was 22,90 

+ 0.34 and 16.62 + 0,37 and in the combined data of the two 

sides the mean average was 21.26 (Table 31)4 

In fltve P. 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 maximxam in one individualo While in some cases it was 

very negligible as 17.36 + 0.65 in the right and 17.42 + 

0.X3 in left epididymes. Anyhow the average coiant 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 epididyroes (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 

PH Individuals of 3rd week control line, the mean nuxriber 

of sperm count did not vary much between the ri^t and left 

epididymes of each individual and the average was found to 

be 14.02 + 0,43 in one individual and 18,44 + 0.61 in another 

individual, Ihe mean value of 2 individuals was 16.23 which 

v;as little lower than that of 1st and 2nd week F. Individuals, 

In the 4th week control line the sperm cotint of the 6 

individuals showed some amount of difference between the 

right and left epididymes. The maxiraiam difference v/as 24,04 

+ 0,45 in the right epididymes and 17.64 ĵ  0.65 in the left 

epididymis in the same individual. In some other individual 

the differance was very negligible as the values v/ere 

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 

ri^t epididymes and 21.29 in the left epididymes and 22.78 

was the average of the left and right epididymes combined. 

Therefore, in spite 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 teas 16.23 

in ;he 3rd week (Table 31). 

The data of sperm cotmt in the treated line had 

certain limitation because very few males were available 

for the study. In one individual of 1st 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 v/as 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 theCi sperm count though the difference was not so 

significant between left and right side. The mean nximber 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 xveek control line. In one P^ male of 

3rd week treated line the mean cotant 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 conibined 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 5 

individ\ials differed between the right and left epididymes. 

In one individual the maximum difference was 22.04 + 0.9'6 

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 (I^ble 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 nrast cases the difference in the mean value 



Table 31 

Mean average sperm coiint in the epididymes of P, in different mothers mated to bacterium 

£• eoruginosa treated and control males parents at different weeks 

Fix. No,of Control ĵ ^ ̂ ^ Treated 
indiv. Ricflit epidi. Left epidi. R & L eorifl. "̂ -̂ -̂  Rjt^t epid. Left epidi. R&& Le.comb. 

(Mean value (Mean value (Mean value I^div. (Mean value (Mean value (Mean value 
+ S.E.) + S.E.) + S.E.) + S.E.) + S.EJ + S.E,) 

Mother I 

1s t 1 2 2 , 9 6 + 0 . 4 0 2 2 . 8 4 + 0 . 5 7 2 2 . 9 0 + 0 . 3 4 1 8 , 8 0 + 0 , 6 6 4 . 5 2 + 0 , 4 6 6 , 6 6 + 0 . 4 8 
^^ 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 + 0.56 22.64 + 0.38 1 6 ,68 + 0,53 4 ,80 + 0,43 5 .74 + 0,36 
^^ 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 

to 
o 



Table 31 (Contd.) 

Fix. Ko.of 
Indlv. 

Control 
RJG^t epidl. Left epldl. 
(Mean value (Mean value 
,+ S.E.) + S.E.) 

R & L comb. 
(Mean value 
+ S.Ei) 

No. of Treated , 
Indiv . Right e p l d l . Left etmi. 

(Mean value 
+ S.E.) 

(Mean value 
+ S.E.) 

R & L GOiTib. 
(Mean value 
+ S.E.) 

2nd 

3 20.32 + 0>36 24.64 + 0,44 22.48 + 0*42 
4 17*36+0*65 17*92 + 0*2a 18.04 * 0*32 
5 22,20 + 0.40 18.28 + 0.17 20.28 + 0.35 

Mother II 

3 

4 

Reduced testis Absent 

Reduced testis 

3rd 
wk 

Ave-
raqe 

19,90 22.26 21.17 

Mother I 
1 1 4 , 8 0 + 0 . 6 5 1 3 . 6 0 + 0 , 6 1 1 4 , 0 2 + 0 * 4 3 1 1 . 6 6 + 0 , 2 3 
2 1 9 , 4 4 * 1 , 0 5 1 7 . 8 4 + 0 , 6 1 1 8 * 4 4 + 0 . 6 1 

Ave^ 17̂ .12 
rage 

15.72 16.23 

12.50 + 0,23 6.68 + 0.80 

1.66 12.50 6.68 

o 



ffable 31 (Contd.) 

Fix, 
Mo .o f 
Ind. Control 

Rjcftit ep ld l . 
(Mean value 
+ S.E.) 

Ipeft ef t ldl . 
(Mean va lue 
± S.E.) 

R & L coirib. 
(Mean value 
+ S.E.) 

No, of 
Indlv . 

Ideated 

Right e p i d l . Left e p j d l . 
(Mean value (Mean value 
+ S.E.) + S,E, ) 

R & L coirib, 
(Mean value 
+ S,E.) 

4th 1 20.48 + 0.44 16.24 + 0.73 18,36 + 0 ,54 
2 2-^04 + 0.45 17.64 + 0 .65 21 ,14 + 0,64 
3 25,32 ^ 0.35 24.88 + 0.46 25 ,10 + 0.29 

Mother I 

1 

2 

3 

13,36 + 0.48 20,00 ^ 0»77 16,68 + 0,65 

22.04 + 0,95 9,68 + 0,73 15̂ .86 ± 1,04 

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 
5 29,00 + 0.86 29,16 + 0,72 26,58 1 0 .65 5 
6 23.44 + 0,78 27,32 + 0,57 25 .38 ± 0 .55 

4 ,80 i 0.37 3 ,24 + 0.26 4 ,04 + 0 .25 
22,04 i 0 ,70 22.84 + 0 ,69 22.44 + 0,49 

Average 24,17 21,29 22,78 15,62 14,08 14,85 

to 
o 
a* 
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of) the left and the right epididymal sanples did not 

differ to a great extent. Puirther, in different week control 

lines, the mean average did not differ appreciably but in 

the treated line it differed quite a bit. The occurrence of 

the lower co\int 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 P, treated line males. 
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E , Sperm head morphology in 3 month old F^ males J 

The sperm head morphology in the control and treated 

lines P- males of 4 weeX matings was also condticted taking 

600 sperms per individual. The smear preparation of sperms 

stained with Giemsa was made according to the method described 

before^ In both control and treated males, there were 

sperms with both normal and abnormal head morphology (EM 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 

to 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 P̂^ treated 

line males. The quantitative data (Table 32) of the sperms 

with abnormal head norphology in 4 week control line males 

would show that the frequency was not very high and the 

average of 2 individxials 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 

individuals was 1.08% in the 4th week (Table 32), Pxirther 

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 quite 

hic^ though there was some limitation in the data (Table 32), 

The average frequency of spenns with abnormal head morphology 

v;as 11,66% determined from one P- individual of the 1st 

week treated line, 13,58% in two individuals of the 2nd ̂ veek 

treated line, 10,33% in one individual of the 3rd week treated 



Explanation of Photomlcrocoraphs 

Photomicrographs of sperm with abnoraml head of P-

Individuals produced after mating of normal females to 

Pfleridnmnnafi cxilture treated males, 

PM 107a, A normal sperm head. 

PM 107 b-j. Different types of sperm with abnortaal head 

morphologyi 
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line and 17,62% in foxar individuals of the 4th week treated 

line, therefore, the frequency of sperms with abnormal head 

l^rphology was distinctly higher than that of respective 

cbntrol and the maximum difference \̂ras found in 4th week 

(Table 32), Further as compared to controls the average 

frequency in 4 v/eek treated lines was quite variable which 

ranged between 10.33% and 17,62%, Oliis could be due to 

the random segregation of chromosome containing the mutated 

loci. That the sperm head morphology could be iinder genetic 

control was mentioned before (Wyrobek, 1979); The occurrence 

of the higher frequency of abnormal sperms obtained in F^ 

males in different week treated lines than that of control 

might be taken as a supportive evidence of the mutagenic 

potentiality of the bacterixOT P. aeruginosa in mice systems. 

Therefore, the bone marrow chromosome aberrations in 

F. male and female and in in meiotic chromosome aberrations 

in spermatogonia! metaphase diakinesis, metaphase I and metaphase 

II, sperm count and sperm? with abnormal head morphology shown^ 

significant difference between treated and control lines on 

the whole indicated the mutagenic potentiality of log cultxare 

of £, aertgginosa which was transmitted to F, generation. 
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Table 32 

Frequency distribution of sperm with abnormal head 

morphology inSmonth old F. progeny of different mothers 

mated at different weeks to the P. aeruginosa treated 

and control males. 

Cont ro l 
p . No,of To ta l No. To t a l % 
t ime ^^^^^ sp .head Ko.abn 

counted sp .head 
coiinted 

Trea ted 
No.of To ta l No. To t a l ?» 

Ind , sp .head No,of 
cotonted a b n . s p , 

head 
counted 

1st 
wk 

1 

2 

600 

600 

6 

4 

Mother I 

1.00 1 

0,66 

600 70 11,66 

To t a l 2 1200 10 0.83 1 600 70 11.66 

2nd 
wk 

Ttotal 

1 

2 

2 

600 

600 

1200 

8 

22 

30 

1, 

3. 

2. 

.33 

.66 

.50 

1 

2 

600 

600 

1200 

66 

97 

163 

11. 

16. 

13. 

.00 

.16 

.58 

' 

2nd 
wk 

3 

4 

5 

600 

. 600 

600 

11 

4 

Mother II 

1.50 

1.83 

0.66 

Tota l 1800 24 1.33 
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Table 32 (Contd.) 

Fix. Control Treated 
time No.of Total No. Total >- % No.of Total No. Total No. % 

Indi. sp.head No. abn. Ind. sp^head of abn.sp. 
counted sp.head counted head 

counted counted 

3rd 

Ototal 

4th 
wlc 

Total 

4th 

WH 

Total 

Grand 

1 

2 

2 

1 

2 

3 

4 

5 

6 

600 

600 

1200 

600 

600 

600 

1800 

600 

600 

600 

1800 

3600 

6 

2 

8 

4 

5 

8 

17 

7 

5 

10 

22 

39 

Mother I 

1.00 

0.33 

0.66 

0i66 

0.83 

1.33 

0.94 

Mother II 

1.16 

0.83 

1.66 

1.22 

1.08 

1 

1 

2 

3 

4 

• 

600 

600 

600 

600 

600 

1800 

600 

600 

2400 

-

62 

62 

190 

124 

62 

376 

47 

47 

423 

10.33 

10.33 

31.66 

20.66 

10.33 

20.88 

7.83 

7.83 

17.62 
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F, Teratogenic effect j 

a) In P- festus at 15 day of gestation a 

So far as the present author vras aware the 

teratogenic effect for the treatment of log culture JP. 

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 lirtib etc, in 

"P^ generation (see Manna, 1980). The present author 

carried out some studies to detect the teratogenic effect 

in embryos of 15 day gestation and in P^ adults of 3 months 

old while those specimens of the control and treated lines 

were sacrificed for colleeting the tissues for chromosome-

aberration study, sperm count and sperm head morphology etc. 

Method s 

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 embr37os 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 (1»1) and left for overni^t. Next 

day, the einbryos were transferred to pvure glycerine 

when the skeletan appeared darlcly stained v̂ rhich could be 

seen through the transparent muscles and the vegetative 

parts. 

Observation and comment : 

In a total alezarine preparation of 94 F. embryos of 7 

ueek control lines, no skeletal deformity v/as observed in 

any one of them. On the otherhand an examination of aleaarine 

transparency of 48 embryos (Table 14) of the treated line 

resulted for mating of P.. aeruginosa treated males in 1st 

week, 2nd week, 3rd week, 4th week and 7th week to different 

set of females, only one was foxind 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 thou0i it was foimd 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 present, 

b) In 3 month old P- individuals organs s 

In a total of 35 control line F^ individuals 

sacrificed for bone*raarrow chromosome aberration study 

(Table 20) in 4 week lihes, 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 F- adults of the first week 



Explanation of Photomicrocoraphs 

PM 108, Normal s t ruc tu re of the slceletai of DKiuse. 

BM 109, Photomicrograph showing i l l develop l a s t r i b . 
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treated line no abnormality was observed in the two organs 

mentioned above but on the other hand among 5 F. treated 

line adults of a 2nd week mating mother, 2 P^ females shox̂ ed 

abnormality in the morphological appearance of the brain 

(PM 1H-.119), It was round, while the normal shape (PM 

110) is oval elongated. Incidentally it might be mentioned 

that these specimens \-iere found to rest at a comer of the 

cage and if distxirbed they used to make v*iorl-movement 

like "Waits; 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 viev; of the futiore study. In another mother of the 2nd 

week treated line, three P^ adults consisting of 1 female 

and 2 males showed that rhe female \ms with one reduced leg 

(PM 12^). ill-<leveloped uterus and reproductive organ (PM 122 c) 

and abnormal brain, the txi/o males had ill-developed testes 

(PM 122 a-i>). It was interesting to note that all three 

individuals obtained from this mother v;ere of dvrarf size 

(PM 123 b, c, d) like dwarf mutation reported in mice. In 

spite of ovir 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. ^erefore, the specimens were 

sacrificed and some abnormalities were foxmd which have 

already been mentioned. In the 3rd week treated line, out 

of 3 P- adults obtained, two v/ere females showing abnormal 

roxmdish brain morphology and one male had ill developed 

testes (PM 121)., One of the 4 P- individuals of 4th week 

treated line of one mother, 3 showed abnormal brain 

morphology while 2 P- individuals of another mother did 

not shov; any form of abnormality. The occurrence of rib 

- -Ji 

file:///-iere


Explanation of ^otomicrograTahs 

PM 110, Normal brain• 

PM. 111»114. Different types of abnormal brain* 





Explanation of Photorolcroqraphs 

PM 115-119. Different types of abnormal bra in . 





Explanation of Photomieroqrapha 

PM 120, Normal structure of the testis^. 

PM 121-122a,b, 111 develop testis. 

5M2'122c.̂  Ill develop uterus. 





Explanation of Photomicrographs 

PM 123?. Normal individual, 

PM 12S"b-x} Dwarf individuals, 

PM 124a, Reduced fore llrob, 

EM 12Hl>«c. Normal fore li}id9s. 
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abnormality in one out of 35 embryos and reduced leg, 

abnormal brain and reproductive organ foxind in 8 out of 19 

F^ 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 

£• aeruginosa induced some visible changes like klnJcing of 

tail, deformities of hind linto in treated mice. All these 

evidences together ivith the studies 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 its clastogenic and mutagenic potentialities have been 

shov-m by various tests. 
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G, Histological effect j 

a) Effect on testis s 

The study of the histological section of the testes 

of P- 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* % e study of the 

histological sections of the testes of F̂^ individuals of 7 

week treated lines showed little difference from that of 

control. Ihe epiflhelium of the tiobule of the testis was 

normal (EM 125) like that of control but most of the 

seminiferous tijbules appeared to have lost their conpactness 

(PM 126-129). A number of vacuoles (PM 128) appeared in the 

txibules and in some cases the Iximen was blocked (PM 127). 

The spermatogonia1 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 structxire of the testis. 



Explanation of Photomicrotaraphs 

Photomicrograph of T.S, of Testis in F^ generation. 

law 125. Normal structure of T.S, of testis* 

wa 126# Degeneration of the follicular cells lining. 





Explanation of Photomicrographs. 

Photomicrographs of T.S, of Testis in F̂  generation-

PM 127• Blocked lumen* vacuolation in the tubules and 

a lumen withoiit spermatozoa • 

irai 128 • Many vacuolation within the ttibules and a Iximen 

without spermatozoa,. 

PM 129. Vacuolation î ithin the folliciilar cells* 
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b) Effect on ovary : 

The 2nd week and 4th week treated line P^ female 

individuals, which did not have successful mating were used 

for the present study in order to find out if any histological 

changes was related to the sterility. The histological 

sections of the ovaries of the treated lines were coinpared 

with that of control line females which did 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 v/eek and 

2 females of the 4th week showed variable number of large 

perivitelline spaces in secondary andG;5aaf£anyf maturing 

follicles, Wie maximum nu&ber 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 iPti 134-136), 

These changes might not have any genetic significance but 

they could imply the reason for the failtire of regular 

ovulation. The frequency was fovmci to range between 3.94% 

and 15,23% in the secondary follicle and between 7,77% and 

12,94% in Graafian or maturing follicles (Table 33), In 

histological sections of the treated line the main differences 

were attributable to the nturiber of nucleoli and the frequency 

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 line F̂^ females did not have offsprings 

due to some reproductive failure it was obvious in the 

sections of the ovary of treated line females. 



Explanation of Photomicrographs 

Photomicrographs of the secondairy follicles in F-i f̂ :nales. 

PM 130, Secondary follicles with fragmented nucleolus. 

JM 131» Secondary follicles with two micronucleoli within 

a nucleus» 

PM 132, Large perivitelline space in secondary follicle 

with granular cytoplasm, 

PM 133, Large perivitelline space with many vacuolation 

in the cytoplasm of a secondary follicle. 





Explanation Of Kiotomicrooraphs 

VH 134-135, Perinuclear space within the secondary 

follicle. 





Explanation of PhotomieirQcrraphs 

Photomicrograph of abnormal maturing or/<Sraafian 

follicles in Fĵ  females ovary. 

PM 136', Perinuclear space vjithin the follicle, 

K4 137, TvK) micronucleAli within the nucleus, 

PM 138, Large perlvltelllne space and tvro nucleoli 

(One mega and one micro) within the nucleus. 



l * : f f i ' « > * A ^ ^ 



Explanation of Photomicrographs 

PM 139. TiiTo micro nucleoli tî lthin the nucleus, 

PM 140. Two nucleoli within the nucleus with a bridge. 

FM 141, Three nuclei within the follicle , 

PM 142, Two micro and two macro-nucleoli within the 

nucelus, 





Explanation of Photomicrographs 

Photomicrograph of abnormal maturing/Graafian 

follicles in P- females ovaiy, 

PM 143. Large perivitelline space with two micro 

and one macro-nucleoli within the nuclexis. 

Wl 144« Two micro- and one macro-nucleoli within the 

nucleus. 

PM 145, One micro- and one macro-nuclei within the 

! nucleus. 



# * 

144 

1 
^ ^ - ' 

1 

• * J ^ 



Explanation of Photomicrographs 

Photomicrograph of abnormal maturing or/Graafian 

follicles in Pi females ovary* 

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 sttidy of the histological sections of the uterus 

of the 2nd and 4th week P- control and treated line females 

mentioned before shov;ed 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 

accessory pari: of the reproductive organ^ 

G&p^('.r!=il rinmment.q r»n Char»f:er I I 9 

The cytological assays in F- generation carried out 

by various methods mentioned 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 foiind e.g. 5th and 6th week in 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 m,utagenic index vras 

hi^er 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 P- shov;ed 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 P- treated line males against controls and also 

by the sperm depletion test and the frequency of sperm with 

abnormal head nrarphology. Besides the mutagenic effects, 

the study of teratogenic effects and histological changes in 

the testes, ovary and uterxis also supported genotoxic 

potentiality of the log culture P, aeruginosa. That the 

cytological phenomenon is under genetic control was postulated 

for chromosome pairing Herdetco and Secale (Gupta, 1985a, b) 

chromosome aberrations by Manna (1984) and so on. 

Some lacxmae 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 P^ males and 

females did not heljp to improve this draw back. CThe 

frequency was found exceedingly high in the treated line 

which x-rould favour the transmission of mutagenic factor to 

the F^ generation. 



Table 33 

Frequency of ovxjm abnormality in F- female progeny of different mothers mated at different 

weeks to JP. a,eruginosa treated male parents 

Fix, Stage Total Large Nucleus Nucleus Nuclexxs Peri- Atri, Total % 
No. P.V, 2 3 4 nucleus foil, 

space cavity 

Control 

2nd 1 Gf/M 70 4 

^^ S.F. 76 3 

Total 146 

6 

3 

8.75 

3.94 

6,16 

1 Gf/M 

S.F. 
75 

77 

3 

1 

1 

1 

Treated 

6 

3 

8.00 

3.89 

Total 152 9 5,92 

2 Gf/M 

S.F. 
90 

120 

Total 210 

4 

6 

10 

Control 

4** 

3 

4' 

4 

7 

10 

17 

7.77 

8,33 

8k09 to 
o 



Table 33 (Contd.) 

Fix. Sta^e Total Large Nucleus Nucleus Nucleus Peri- Atri. Total % 
No. P«V. 2 3 4 nucleus foil, 

space cavity 

2nd 
wk 

2 Gf/M 

S . F . 

61 

120 

32 

50 

20 

8 

T r e a t e d 
3 1 

2 3* 

56 

63 

83.60 

52.50 

Total 181 82 28 119 65.74 

Control 

3 Gr/M 

S.F. 
85 

135 

7 

9 3** 

11 

12 

12.94 

8.88 

Tot<^l 

Gf/M 

S . F . 

T o t a l 

Zzo 

60 

102 

162 

16 

43 

41 

84 

Z 

5 

2 

7 

T r e a t e d 

1 4 

- -

1 4 

3 

5 

3 5 * * 

4 0 

2. 

-

-

-

PL2, 

58 

78 

136 

^o - H6-

96i66 
76.47 

83.95 

to 



Table 33 (Contd.) 

Fix. Stage Total Large Nucleus Nucleus Nucleus Peri- Atri, Total % 
No. P.V, 2 3 4 nucleus foil, 

space cavity 

4th 
wk 

1 

1 

Gf/M 

S.P. 

Total 

Gf/M 

S.P. 

Ototal 

110 

120 

230 

60 

122 

182 

3 

7 

10 

36 

54 

90 

1 

-

1 

4 

2 

6 

Control 

-

-

-

Treated 

2 

-

2 

-

-

-

2 

-

2 

2 

4** 

6 

3 

30** 

33 

4 

-

4 

/ 

4 

«w 

4 

10 

11 

21 

51 

86 

137 

9.09 

9.16 

9.13 

85.00 

70.49 

75.27 

Control 

2 Gf/M 

S.F. 

Total 

110 

105 

215 

5 

9 

14 

2 
7** 

12 

16 

28 

10.90 

15.23 

13.02 

to 

to 

* Trl nucleated 

** Cytoplasm abnormal. 
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CHAPTER III 

Cytogenetic Assays in Second Filial (P,) Generation 

A, Lethal test 

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

It has been mentioned before that the lethal 

so-called 'dominant test • was conducted in P^ 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 F^ generation. On the other hand Manna 

and his collaborators (Manna, 1980, 1981, 1982; Roy and 

Manna, 1981; Manna and Patel, 1981, 198S) found that if F̂^ 

individuals of the treated line were selfed, in P- generation 

some lethal effect was indicated. 

However, in the present study, the lethal effect v/as 

not possible to evaluate when P- males and females of the 

treated line of different weeks were separately mated 

(Table 34), In the control line the data were extremely 

limited beca\ise the reproductive potentiality of the F-

individuals was also seriously affected. An analysis of the 

data of the control line at gestation and after parttirition 

would show (Table 34) that 2 pregnant females in each of 

1st, 2nd, 3rd and 4th week yielded all living implants except 

1 dead inplant in 3rd week. Therefore, the data oviously 

showed that no lethal factor was operating in the control 

line. However, out of 13 P^ 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 1st to 4th week 

treated line were seriously handicapped beca\ase practically 

no pregnant female was obtained by selfing P- male and 

females in these weeks. Out of 10 females allov;ed 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 

linplants and none was dea<3, therefore ̂ nothing could be 

said about the lethal effect in Pg 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 

Fg generation* 

B. Somatic chromosome aberration in Pg generation 

a) In liver of embryos of 15 day qfestation » 

Ttte liver of living embryos of 15 day gestation 

obtained from inbreeding of P^ 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 P2 living embryos, 3 males and 3 
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Table 34 

Data- of lethal test in F^ Ĵ îse from different mothers of 

treated and control mated with F. males 

^ek No.of fern. No,of Mother 
allowed preg* No. 

. for mat« fem« 

At Total 
No,tOf 
ixnpl. 

No.of 
live 
impl. 

No. of 
dead 
impl. 

1st wk 

Total 3 

Total 2 

2nd wk 

4 

4th wk 

Control line 

2 1 Ges 

2 Partu. 

6 

5 

M, 
Treated line 

Not impregnated 

Control line 

1 Ges 

2 Partu. 

5 

6 

6 

5 

11 

5 

6 
Total 

Total 

3rd yfk 

Total 

4 

3 
3 

3 
-

3 

1 
2 

1 

2 

1 
1 

2 

2 

2 

Treated line 

1 Partu, 
1 

Control line 

1 Ges 

2 Ges . 
2 

Treated line 

Not impregnated 
Do 

- «M 

• ii 

4 
4 

6 
7 
13 

-

11 

4 
4 

5 

7 
12 

mm 

-

V 

-

1 
. 

1 

-

Control line 

1 Ges 

2 Partu* 

7 
6 

7 

6 

Total 3 13 13 
Treated line 

Not impregnated , 

Partu. 4 4 
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females of a P̂  n»ther of 1st week control line had very 

little individual type aberration. If the cases of 

centromeric dissociation were disregarded, two embryos 

would have no individual type aberration. The frequency in 6 

Pg embryos ranged betv/een 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 F^ 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 P- mother, the frequency of aberration 

ranged betv;een 3*67,and 9.0% and the average was 5.4% (Table 

35). Further 3 male and 1 female of another Fj 3rd week 

control line mother had the aberration frequency ranging 

betv/een 6.0% and 8,0% and the average frequency was 6.75%. 

In 4 males and 3 females Pg embryos of a 4th V'/eek 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 foxir 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. Pxirther, 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%. Hierefore, the 

average frequency of both individual and gross type aberrations 

taking together was 180 or 6*6%. However, as mentioned before 

some of the ernbryos practically had no individual type of 
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aberration if the cases of centooraeric dissociation was 

disregarded. If the average aberration frequency in 

different week of control line was compared (Table 35) 

with that of Pĵ  generation (Table 16) it would be found 

6.5% against 6,14% in the 1st week, 6.6% 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 P- and Pg generation. 

It was mentioned before that as the number of pregnant 

mothers in the treated lines was limited, they were not be 

sacrificed during gestation. Therefore, in the absence of any 

data of chromosome aberrations in the treated line P^ embryos, 

we could not make any comparison with that of the control 

data. However, there vras another way of comparison becaxise 

instead of Pj embryos, some P^ adult individuals were available, 

Ihey were sacrificed at the age of 3 motft̂ Ĵ  to study the 

meiotic chromosome aberrations, sperm depletion, sperm head 

morphology etc, with a view to compare with the corresponding 

control (vide infra)a 

b) Pg individual of 3 mofath old i 

Bone marrow chromosome aberrations 8 

2he bone marrow chromosome aberrations in 3 month old 

individuals of F2 bad qualitatively the aberrations in the 

form of individual types and gross types (PM 148-159; Pigs, 

108-127) in variable frequencies. In three males and two 

female P- 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 F^ 

bone marrow cells of treated line F^ individuals. 

R4 148, Plate showing several individual type aberration 

as an acentric fragment.!, a trans location* a 

constriction? isochromatid gap etc, 

Pt^ 149"• A chromatid breaXî  in the middle region of 

a group I chromosome and an acentric fragment, 

PM 160. A chromosome with two breaks in a chromatid, 

a terminal assocation. 

PM 151. A fragment and centromeric dissociation in 

different groups of chromosomes^.' .. 

FM 152, Plate showing acentric f\asion, a ring chromosome, 

a fragment and one extra elen-ient, 

EM 153, A centric fusion. 



^ . 

/ife '̂ 
149 

-r 
151 

152 I 5 3 i 



Explanation of Photpmlcrocrraphs 

Photomicrographs (PM) of affected metaphases of Fg 

bone marrow cells of ^2 "treated line individuals, 

PM 154, A centric fusion. 

EM 155, A ring chromosome, 

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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n}^^ 

,̂  154 
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Explanation of figures 

Camera lucida drawing of a part of metaphase plates 

showing different types of aberrations in F^ treated 

line Individuals. 

Figs, 108, A chromatid break in the middle region of a 
groi:tp I chromosome. 

Pigs, 109-110, A chromatid break in the distal region of a 

group I chromosome. 

Pigs, 111-112. A chromatid break in the middle region of a 

group II chromosome. 

Pig, 113, A chromatid break in the distal region of a 

group II chromosome. 

Pigs. 114-115, A chromatid break in the middle region of a 

group III chromosome. 

Pig, 116, A chromatid break in the distal region of a 

group III chromosome. 

Figs, 117-118, A chromatid break in distal region of a group 

IV chromosome. 

Figs,119-120. 2nd to end association between two chromosome. 

Pig, 121, A ring chromosome and a fragment. 

Pigs, 122-124. A centric fusion between the chromosomes. 

Pig, 125, A constriction. 

Pig, 126, Ihe centromeric dissociation of a group V chromosome. 

Pig, 127, An aster metaphase. 
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The average frequency in these 5 P2 individuals was 7.6% 

(38 in 500 metaphases) (Table 36) which was not very 

different from that of 1st week P- embryos of control line 

(Table 20). Unfortunately no Pj Individual of 1st week 

treated line was available, therefore, the data could not 

be compared. 
/ r 

Two female and 2 male of Pg individuals of 2nd week 

control line yielded the bone marrow chromosome aberration 

frequency in different Individuals ranging between 6.0% and 

14.0%. In the combined 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 P. adults ware 

available. The chromosome aberration frequency in their bone 

marrow cells ranged between 15.0% and 56.0% (Table 36). In 

the combined data of 4 Individuals, the average 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 P, individuals was 

28,0% (^ble 37), Qualitatively the aberrations were in the 

form of chromatid break, centric fusion, ring chromosome, 

translocation or association^ acentric fragment etc, (PM 

148-157; Pigs, 108«.125) and gross type (FM 158, 159) some 

of v;hich had genetic significance. 

Since no treated line F^ individuals of 3rd week 

mating line vjas available, the control line data could not 

be compared. 

Three month old Pg individuals from both 4th week F^ 

control and treated line mating mothers.were available 



Table 35 

Frequency distribution of chromosome aberrations in liver of ^2 embryos at 15 day gestation 
of F. mothers mated to control and treated line F̂^ male parents, 100 plates per ind, were assessed, 

Fix. Ind, Sex Individual type aberrations 
Hoi Break type Phv« type Ibtal 

Chr, Frag. Trans,/ Gaps & Cent. 
Asso, cons, dlsso. 

Gross type aberration Grand 
Num. Others Total total 
cha. 

1 s t 
wk 

1 
2 

3 

4 

5 

6 

M 
M 

M 

F 

F 

F 

. • 

-

•* 

1 

2 
«. 

Control 

-

1 

1 

-

-

... 

•»-

3 

3 

1 

4 

5 

-

4 

6 

2 

6 

5 

-

1 

2 

3 

-

3 

2 

-

1 

2 

2 
^ 

2 

1 

3 

5 

2 

3 

2 

5 

9 

7 

8 

8 

2,00 
5,00 
9,00 
7.00 
8.00 
8.00 

-ik. 

Total 6 3M+3F 3 C2 16 2'3 9 16 39 6.50 

Not available 

*Hb treated line F2 Embryo Tsjas available from 1st, 2nd, 3rd and 4th 

week Fj mating parents. 

to 
to 



Table 35 (Contdl.) 

Fix, Ind. 
No. 

Sex Individual type aberrations 
Break type "' jjreaK t:vpe Fny^ type , 

Chr, Frag. Trans./ Gaps & Cent. 
Asso. cons. disso. 

Gross type aberrations 
Phvy type 55otal Num. Others Total 

cha. 

Grand 
total 

% 

2nd wk 

1 

2 

3 

4 

5 

M 

M 

F 

F 

F 

Contrdl 

2 

2 
3 

5 

7 

4 

5 

7 

7 

6 

4 

2 

1 

-

. 

4 

2 

1 
«̂  

1 

4 

7 

8 

7 

7 

4.00 
7.00 
8.00 
7.00 
7.00 

Ibtal 5 

3rd vtlz 

1 

2 

3 

4 

2M+3F 19 25 7 8 33 6^60 

M 

M 

F 

F 

F 

Total 5 2M+3F 

Control 

1 

1 3 

4 

4 

3 

4 

2 
2 
2 

10 17 

2 

5 

2 

3 

3 

15 

6 

8 

6 

3 

9 

32 

e.oo 
8.00 

6.00 

3.00 

9*00 

6»40 

to 

o 



Table 35 (Contd») 

Fix, Ind, S ^ Individual "type aberrat:lons 
No. Break type Phv.type 

Chr. Frag, Trans./ Gaps & Cent. 

Asso. Cons. disso. 

— — . Gross type aberrations Grand 
Total Num. Others Total total 

cha . 

% 

3jrd wit Mother.II 
Control 

1 
2 

3 

4 

M 
M 

M 

P 

3 

3 

2 

3 

5 

2 

3 

2 

4 

5 

3 

3 

4 

7 

6 
8 

6 

7 

6i00 
8 .00 
6»00 
7i00 

Total 4 3M+1P 8 10 14 17 27 6.75 

4th wk 

1 
2 

3 

4 

5 

6 

7 

M 
M 

M 

M 

P 

P 

P 

1 
1 

Control 

2 

2 
1 
3 

3 
1 
2 
5 
3 

6 
1 
2 
5 
7 
4 
6 

5 

2 

2 

3 

3 

5 

2 

2 

3 

5 

7 
1 
7 
7 
9 
7 

11 

7 .00 
1.00 
7 .00 
7 . 0 0 
9 .00 
9 .00 

11.00 

Total 7 4M+3P 8 17 31 16 18 49 7.00 

to 
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(Table 36). In the bone marrow of control line 3 male and 3 

female F^ individuals, the frequency of aberrations in 

different individuals ranged between 5,0% and 13.0%* In the 

coittoined data of 6 individvials 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 

Pp individuals of 4th week treated line P^ mother, the 

frequency of aberration ranged betvjeen 16,0% and 58,0% 

(Table 36), Out of 400 metaphase in 4 individixals the 

total ntsniber 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 » 

It has been mentioned before that the chromosome 

aberration data in P, generation could not adequately be 

obtained for ttbnssaility of pregnant females for which the 

comparison made here would have some limitation. In the 

treated ll»?e only tb<* data of 2nd week and 4th week were 

obtained v^ich could be compared v;ith 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 F- was 

possible, the chromosome aberration in bone marrow cells of 

Pg adults of the treated line clearly indicated that the 

mutagenic factor was transmitted to Pg from P- generation. 



Table 36 

Frequency distribution of chromosome aberration in bone marrow of 3 month old F2 individuals 

from mating of F^ mother of control and treated line F, males. 100 plates/ind, were assessed. 

Fix. Ind. 
Bo. 

1st Wk 

1 

2 

3 

4 

5 

Total 

Sex 

M 

M 

M 

F 

F 

3M+2F 

Individual ty 
Brealt; tvx>e 

Chr. 

-

-

% 

-

-

1 

Frag, Trans/ 
Asso. 

m. 

«» mm-

1 
-

-

0 

1 

pe aberrations 
Phv^tvpe Total 
Gaps fit Cent, 
cons. Disso. 

Control 

— 

-

2 

2 
mm 

4 

3 

— 

3 

3 

- • 

9 

3 

-

7 

5 
^fm< 

15 

Gross 
Num. 
cha. 

2 

2 

2 

~ 

2 

8 

type aberrations 
, Others Total 

2 

5 

3 

3 

2 

15 

4 

7 

5 

3 

4 

23 

Grand 
total 

7 

7 

12 

8 

4 

38 

% 

7.00 

7.00 

12.00 

8.00 

4.00 

7.60 

Treated 

Not impregnated 



Table 36 (Contd.) 

Fix. Ind« SeK Indlvldiial type aberrations 
No* Break tvpê  Phv> type 

Chr. <Btag. Trans/ Gaps & Cent. 
Asso. Cons. Disso, 

«-.««—. Gross type aberrations Grand % 
Total 'Hum. Others Total total 

cha. 

2nd wk Control 

1 M 

2 M 

3 P 

4 I? 

-

3 
2 
• 

5 
5 

-

4 

5 
8 

4 

4 

4 

4 

2 

5 

4 

6 

2 

5 

9 

14 

6 

9 

9.00 
14.00 
6.00 
9.00 

Total 2M*2P 14 21 15 IT 38 9.50 

î'eated 

1 

2 

3 

4 

M 

H 

F 

P 

4 

2 

5 
,^ 

3 
1 

1 
^ 

5 

2 

12 

3 

3 

4 

3 

3 

14 

11 

17 

3 

29 

20 

38 

9 

8 

9 

11 

1 

6 
7 

7 

5 

14 

16 

18 

6 

43 

36 

56 

15 

43.00 

36.00 

56.00 

15.00 

Total 2M+2P 11 22 13 45 96 29 25 54 150 37.51 

to 



Table 36 (Contd.) 

Fix, Ind, Sex Individual type aberrations Gross type aberrations Grand % 
No, Break type- Phv.tvpe Total N«in, Others Total total 

Chr, Frag, Trans, Gaps & Cent. cha. 
Asso. coas. disso; 

4th yfk Control 

1 

2 

3 

4 

5 

6 

M 
M 

M 

P 

P 

P 

mm 

2 

1 

1 

5 

6 

3 

5 

5 

10 

4 

6 

3 3 
3 3 
3 3 
4 4 
5 5 

8 

Treated 

8 

13 

7 

10 

5 

8 

8.00 

13,00 

7,00 

10,00 

5.00 

8,00 

Total 3M+3P 1 2 - 4 26 33 - 18 18 51 8,50 

1 
2 

3 

4 

Total 

M 
M 

F 

F 

2M+2P 

-

5 

4 

-

9 

-

-

2 

— 

2 

im 

7 

3 

— 

10 

-

2 

1 

3 

-

7 

21 

23 

6 

57 

7 

35 

33 

6 

31 

5 

5 

13 

5 

23 

4 

11 

12 

7 

34 

, 9 

16 

25 

12 

62 

16 

51 

58 

18 

143 

16,00 

51,00 

58.00 

18,00 

35.70 



Table 37 

Gonpiled data of chromosome aberration in bone marrow of 3 month old F Individual after birth from 
mating Of. P-- mothers from ist vjeek to 4th \^ek with control and the bacterium P, aeruginosa treated 
line Fj males,: Control data in brackets. 

Fix^; No.of No,of No.of individual type aberrations Gross type aberration Qrand total % Net incr, 
mother emb-^ meta-Break type Phy^tvpe Total Ntjm.̂  Others Total % 

ryos pha- Gh. Fr- Tra- Gaps & Cent. chan. 
se ag., ns/ const, diss* 

. Ass. 

wk ilj <6^ (600) m (1) (-) i4) (9> USf 4 sy (iBf i2^ i 3©> (6.33) 

2nd 1 # 400 11 5 22 la 45 96 29 2& 54 150 37.50 
wk il} (5) (500) U) (-̂  (1) (S) (14) (21^ ( 2) (15> (17) (38) (9.50) 2^*°° 

(4) 

1^ 
(S) 

3 

(4> 

(9> 

45 

(14) 

57 

(26)i 

(15) 

96 

(21^ 

81 

(33) 

( 8) 

29 

( 2) 

28 

( -) 

4th 1 4 400 9 2 10 3 57 81 28 34 62 143 35.75 
wk (1) (6) (600) (1) (2) ( ̂ ) (4> (26)i (33> ( -) (18) (18) (5l) (8.50) '̂̂ '̂ ^ 

Total 2 8 800 20 7 32 16 102 177- 57 5^ 

(3> (17) (1700) (3) (3)( 1) (13) 

116 

( 58) 

293 

(127) 

36.62 

( 7.40) 
29i22 

to 
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C, Meiotic chromosome aberration in 3 month old Fg males 

Since two F- adult males could only be obtained from 

2nd v;eek and 4th week treated line from mating of P, 

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 meiosis was available for the study of 

chromosome aberration as conpared to the corresponding 

control males. 

The preparations of the meiotic chromosomes of testis 

of 3 month old F 3 males each of 2nd and 4th week control 

line and 2 Pg 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 

aberrations in 100 metaphase I plates per individual of 

control and treated line males, all the spermatogonia! 

metaphase, diakinesis and metaphase II were also assessed, 

Spermatocfonial metaphase a 

Normal spermatogonial, metaphase complement was 

relatively rare 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 16l'-164; Pigs, 128-133), 



Explanation of Photomicrographs 

Photomicrographs of affected spermatogonial metaphases 

in Pj treated line male raice,^ 

PM 160, Plate with aneuploid number containing. 

PM 161, Plate sticky effect with some fragments breaks etc.. 

PM 162, Plate despiralization effect with some acentric 

fragment, break etc, 

K4 163, Pulverization effect. 
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Explanation of figures 

Camera lucida drawing of a part of spermatogonia! 

metaphase in P^ generation showing different 

types of aberrations, 

J?*ag, 128. A chromatid break. 

Pig, 129. A chromatid break. 

Pig, 130, A fragment of \mknown origin. 

Pig, 131, Centric fusion between two chromosomes. 

Pig, 132, Centric fusion between two chromosomes. 

Pig, 133, A constriction. 

file:///mknown
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The total frequencies of spermatogonia1 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 vfliile 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 P- males, the 

aberration frequency 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 

loti/er than that of treated line (46,34%), 2he net increase 

was 34,54% (Table 39), 

In the 4th week treated line the sperroatogonial 

metaphase chromosome aberration frequencies in two males 

were 54,54% and 62,85%(Table 38). 3he frequency of Individual 

type aberration was very lov/ in comparison to that of gross 

type. In the combined data out of 90 spermatogonia! metaphases 

there were only 4 or 4,4% Indivldtial type and 48 or 53,5% gross 

i^e 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 spermatogonia! metaphase aberration 

frequency ranged between 10,52% and 20,0% ̂ Table 38), In a 

total of 247 spermatogonia! 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 individiial 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 larger sample. It showed that out of 

the total 172 spermatogonia1 metaphases there were only 13 or 

7,55% individxoal 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 ©f 518 spermatogonia1 metaphases, 

there v/ere 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 i 

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 P^ generation in spite of the fact 

that. there was considerable reproductive failtire in the treated 

line. Thus the aberration data which could be studied, 

only in two weeks supported the view that the mutagenic 

factor induced by the treatment of log culture of £, 

aejruginosa to male grand parent was transmitted to F^ 

generation which yielded higher frequency of chromosome 

aberrations• 



240 

If the present data of spermatogonia1 metaphase 

chromosome aberration were compared with that of P, 

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 9.08% in 4th week and 51.53% 

against 8.23 in the average respectively. While in P2 

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 vjeeks 52.32% against 13,12% (Table 39), ©lerefore, the 

data of chromosome aberration in spermatogonia! metaphase 

in P- and P^ generation did not vary appreciably. This could 

be explained if it was asstmed that the higher frequency of 

aberration in F- and F^ generation was due to the transmission 

of the mutagenic factor induced by the treatment of P. 

aeruginosa cultxire to male parents. 

Diakinesis J 

The study of chromosome aberrations in the diakinesis 

nuclei of the same treated and control line males showed both 

individual and gross type aberrations thou^ the nxaitiber of 

Individual type aberrations appeared relatively more. The 

individual type aberration consisted of chromatid breaks, 

fragment of xmknown origin, bivalent association or 

translocation etc. (PM 164-166; Pigs# 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 diaklnesis in Pg 

treated line male mice, 

EM 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, 
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Explanation of ficruTQs 

Camera lucida drawing of a part of diakinesis 

plate showing different types of aberrations. 

Pig* 134, A chromatid break. 

Pig* 135. A chromosome break. 

Pig. 136. A chromatid break. 

Fig. 137. A fragment of unknown origin. 

Pig, 138. A fragment of unknown origin. 

Pig, 139, A precocious separation of autosomes and 

sex chromosomes. 
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Table 38 

^e.quency distribution' of chromosome aberration in spermatogonia! metaphase cells of P, ro^® of 

control and the bacterium £, aeruginosa treated line mice of 2nd and 4th week 

Fix. Ind, No.of 
No, cells 

Individual type aberxratiopts Gross type aberrations 
Break type ghy.tvpe Total Nicn. Others Total 

Chr. Frag, Trans/ Gaps & cha. 
Asso. cons• 

Grand 
total 

% 

2nd 
wk 

1 75 2 

2 115 2 

3 81 -

3 

1 

Control 

2 

5 

1 

3 

5 

5 

2 

4 

5 

5 

9 

10 

7 9.33 

14 12.17 

11 13.58 

Total 3 271 4 8 13 11 24 32 11.80 

Treated 

1 

2 

37 

45 
4 

Jl 

7 

7 

11 

18 

11 29.72 

27 6^.00 

Total 2 82 4 15 14 29 38 46.34 

to 



Table 38 (Contd.) 

Fix« Ind* No*of _ Indlvldiial type aberrations Gross type aberrations Grand % 
No,, cells Break type Phy.tvpe Total Nxm» Others Total total 

Chr, Prag, Ttans/ Gaps & cha. 
As so. cons* 

4th 

1 
2 
3 

95 
65 
87 

Control 

3 

4 

" 

13 

7 

7 

13 

11 

10 

13 

13 

10,52 

20.00 

14,94 

Total 3 247 - 11 20 31 36 14.57 

Treated 

1 
2 

55 
35 1 4 

13 

10 

17 

8 

30 

18 

30 

22 

54.S3 

62.85 

Total 2 90 4 23 25 48 52 57,77 

9 



Table 39 

Compiled data of chronrosome aberration in spermatogonia! metaphase cells of T^ Ĵ ^̂i® of 
control and bacterium, P, aeruginosa treated line mice of 2nd and 4th week (Control data 

i n b r a c k e t s ) 

F i x . 

2nd 
Wk 

4 t h 
wk 

I b t a l 

Xnd. 
No . 

2 

(3) 

2 

(3) 

. 4 

(6) 

C e l l s 
c o t m t . 

82 

(271) 

90 

(247) 

172 

(518) 

I n d i v i d i i a l t v p e a b e r r a t i o n s 
B r e a k t v o e 

C h r , 

4 

(4) 

1 

U) 

5 

(4) 

P r a g . 

^ 1 

( - ) 

1 

<2) 

2 

(2) 

T r a n s , 
As s o . 

1 

( - ) 

« 

( - ) 

1 

{") 

P h y ^ t y p e 
/ Gaps.& 

cons« 

3 

(4) 

2 

(3) 

5 

(7) 

3 b t a l 

9 

( 9) 

4 

( 5) 

13 

(14) 

G r o s s 
Num. 
c h a . 

15 

(13) 

23 

(11) 

38 

(24) 

t y p e a b e r r a t i o n s 
O t h e r s 

14 

(11) 

25 

(20) 

38 

(31) 

T o t a l 

29 

(24) 

48 

( S I ) 

77 

(55) 

Grand 
t o t a l 

38 

<32) 

52 

(36) 

90 

(68) 

% 

46 . 

( 1 1 , 

57 . 

(14 . 

52. 

(13 . 

,34 

.80) 

• 7 7 

• 5 7 ) 

.32 

.12 ) 

N e t t 
I n c r . 

% 

3 4 , 5 4 

4 3 . 2 0 

3 9 . 2 0 

N} 
* » 

^ 
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in control line the frequency of aberration in diakinesls 

nuclei of 3 Pg males ranged betvjeen 6,5% and 15.55%. In a 

total of 197 diakinesls nuclei there x̂ ere 5 or 2,53% 

individual type and 9 or 4.56% gross tyi)e aberrations 

(Table 40) making a total of 14 or 7,10% in the average 

of two types taken together (Table 41), Bius the frequency 

of aberration in treated line had a net Increase of 16,6% 

over the control (l^ble 41). 

In ti-jo P, males of 4th week treated line the total 

aberration frequency at diakinesls stage was 19.67% and 

29#72%, When the data of the 2 individuals were combined, 

out of 98 dlaJdnesis nuclei there were 12 or 12.24% individual 

type and 11 or 11,22% gross t3̂ pe making a total of 23 or 23.46% 

aberrations (Table 40). On the otherhand in 3 Pg aiales of 

the control line, the aberration frequency in the diakinesls 

nuclei ranged between 7.89% and 14.28%, In the combined data 

out of 164 diakinesls 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. %erefore,. 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 frequency 

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 diakinesls nuclei of P-

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 

coicbined data of 2nd and 4th week it was 38,35% in the treated 

line against 8,87% in the control line Indicating the net 

Increase of 29,48% while in Pg generation it was 25,33%. 



242 

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 spermatogonia! metaphas© plates 

the frequency of aberration was higher in the treated line, 

!Ihe frequency of aberration in diaJcinesis nuclei in F^ 

generation v/as little lower than that of P. generation which 

could be due to the non-random distribution of the mutagenic 

factor carried (tn chromosomes in successive generation, 

Metaphase I 

The chromosome aberration study at metaphase I in 

the same 2 males each of 2nd and 4th week Pg treated line 

and 3 each of 2nd 4th week control line Pg 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/ Pigs. 140-

145). The individual types were in the form of chromatid brê R, 

aOentric fragmentvT""""̂  ) translocation, precocious separation 

of autosomal bivalent or sex chroirosome etc. while the gross 

type included stickiness and aneuploidy etc. The frequency 

of chromosome aberrations in 100 metaphase I per individual 

revealed in 2 Pg 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. Corresp»ondingly in 2nd week 

control line 3 P2 males, the frequency of aberration ranged 

between 5.0% and 11,0% (Table 42). In a total ©f 300 

metaphase I of 3 males, the individual type aberrations were 



Explanation of Photomicrographs 

Photomicrographs of affected metaphase I of F 

male mice, Mus mttsculus of the culture of bacterium 

Pgecudomonas treated line. 

PM 167, Some chromatid breaks and fragments of \inknwon 

origin and some bivalents stretched out. 

PE'l 168,. Some chromosome break and gap. 

PM 109. Precocious separation of an bi'v̂ alent. 

file:///inknwon
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Explanation of figures 

Camera lucida drawing of a pairt in metaphase I 

plate of Pg males showing different types of 

aberrations, 

Pig. 140. A chromosome break. 

Pig, 141, A chromatid break and a bivalent association. 

Pig, 142. A fragment of unknown origin. » 

Pig, 143,,A bivalent with the borken chiamsa. 

Pigs, 144-145, Precocious separation of autosomal 

bivalent and sex chromosomes. 
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Table 40 

Frequency distribution of chromosome aberration In dlaklnesls cells of 3 month old Pj 
male of control and the bacterium JP, aeruginosa treated line mice of 2nd and 4th v/eek 

Fix. Ind, Cells Individual type aberrations Gross type aberrations Grand 
No, count. Break type Pre-gep. Total Num. Others Total total 

Chr, Frag. Mut./ Aut. Sex cha. 
As so* 

% 

2nd wk Control 

1 
2 

3 

6 5 

87 

45 

1 
2 
«. 

1 

2 

2 

1 
«* 

2 

1 

2 

3 

2 

2 

5 

3 

4 

7 

4i61 
4i59 

15*55 

Total 197 6 14 7.10 

Treated 

1 67 
2 25 

3 
2 

2 
2 

1 
1 

7 
7 

3 
5 

3 
5 

10 
12 

14.92 
48.00 

Total 92 d 14 8 8 22 23.91 



Table 40 (Contd.) 

Fix, Ind, Cells , Individual type aberrations Gross type aberrations Grand % 
No» count. Break type Pre-sep. Total Num. Others Total total 

Chr, Frag, Mut./ Aut, Sex cha, 
Asso, 

4th wlc Control 

1 39 
2 76 

3 49 

1 

2 

1 

-

-

1 

1 

2 

3 

3 
«Mii 

2 

-

4 

2 

3 

4 

4 

4 

6 

7 

10*25 
7,89 

14.28 

Tbtal 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 6 1 - - . 5 - - 5 - 7 7 12 19.67 

Tota l 98 2 1 7 2 - 12 -* 11 11 23 23.46 



J Table 41 

Con$>lled data of Iphromosome aberration in diakinesis cells of 3 month old F^ male of control 
and bacterium P, aeruginosa treated line mice of 2nd and 4th week (Control data are in 
brackets) 

Fix, Jnd, Cells Individual type aberrations Oross type aberrations Grand % Net 
No, count. Break type Phy.type Total Num. Others Total total incr 

Chr, Frag, Hut/ Aut. Sex cha, % 
Asso. 

8nd 2 92 2 - 5 4 2 1 4 - 8 8 22 23,91 
wk (3^(197) (3) (-) (1) (1) (•) (5) (3) (6) (9) (14) (7.1) 

4th 2 98 3 - 7 2 • 12 - 11 11 23 23,46 
wk (3) (164) (-) (1) (-) (4) (1) ( 6) (5) ( 6) (11) ( 17) (10,36) 

16,81 

13.10 

Total 4 190 5 - 12 6 2 26 - 19 19 45 23 ,68 
(6) (371) (3) (1) ( t> (5) (1) (11) (8) (12) (20) (31) ( 8 ,35) 

13,33 

to 
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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 F^ males of treated 

series 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 Pg control line 

males ranged between 4.0% and 12,0% (Table 42). In a total 

of 300 metaphase 1, thereiwere 16 or 5.3% individual types and 

11 or 3.5% gross types and the tv/o 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% individvial 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 



247 

mutagenic factor also present in Pg generation. If the 

aberration data of diakinesis and metaphase I stages were 

compared it would be fotind that the frequency was little 

higher in diakinesis than that of metaphase I, This was 

perhaps du^ to sampling error. Leaving aside the qioantitative 

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 line. 

Metaphase II 

A nuniber of second division metaphase plates encotintered 

while assaying chromosome aberrations in 100 metaphase I, 

plates per individual in 2 Pj males each in 2nd and 4th week 

treated line and 3 each of 2nd and 4th week control line, 

Ihe chromosomes of metaphase II in general appeared little 

despiralized with uneven surface and variable degree of 

stickiness, lhis>factor sometime stood in the way of 

acxirate determination of the aberration frequency. 

The aberrations in chromosome of second division 

metaphase plates of control and treated line Pg males could 

also be put under two main categories as Individual and gross 

types (PM 170»175; Pigs, 146-.155). Ttie individxoal type 

aberrations consisted 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 F- male individuals from 

upting of treated line P* male and females. 

PM 170• Chromatid break and centric fusion. 

PM 171, Some chromatid break acentric fnegment, constrictions 

and terminal fusion. 

PM 172, Siab-<:hromatid break and terminal association 

with uneven oxitlines of chromosomes, 

PM 173-., Chromatid break with the displaced fragments 

and constriction, 

PM 174. An ellastic constriction, 

PM 175, Partial stickiness« 
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Explanation of figures 

Camera lucida drawing of a part of metaphase II 

plate showing different types of aberrations in 

treated line P2 "^1® individuals 

Fig, 146, A chromatid break and a centric fusion* 

Pigs,147»149, Each with a chromatid break. 

Pigs, 150'-152,Each with the fragment of unknown origin. 

Pig. ISZtt Beaded appearance in chromosome. 

Pig* 154, A chromatid constriction. 

Pig, 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, £• aeruginosa treated line mice of 2nd and 4th week. 

Fix, Ind, Cells Individual type aberrations Gross type aberrations Grand 
No, count. Break type Pire-sep, Tbtal Num. Others Qtotal total 

Chr, Frag, Mut,/ Aut, Sex cha. , 
Asso, 

2nd wk Control 

1 

2 

3 

100 

100 

100 

2 
2 

2 

2 

1 

2 

5 

3 

6 

-

3 
^ 

-

1 

5 

-

4 

5 

5 

7 

11 

5,00 
7.00 

11.00 

Total 300 14 6 23 7.66 

1 %00 

2 100 

1 

5 

2 

7 

Treated 

5 7-

3 19 

2 

8 

2 

8 27 27.00 

Total 200 S) 8 20 10 10 3G 18.G3 



Table 42 (Contd.) 

Fix, Ind. Cells Individual type aberrations Gross type aberrations Grand % 
No. count. Break type Pre-sep. Itotal Num. Others Total total 

Chr. Prag. Mut,/ Aut. Sex cha. ' 
As so. 

4th wK Control 

1 100 -
2 100 -
3 100 -

Tbtal 300 -, - 6 3 7 16 6 5 11 27 9 .00 

Treated 

1 1 0 0 1 - - 1 1 3 3 2 5 8 8 .00 
2 100 2 - 4 - 2 8 7 11 18 26 26 .00 

Total 200 3 - 4 1 3 11 10 13 23 34 17.00 

2 
4 
«. 

1 
»̂ 

2 

im 

3 

4 

3 

7 

6 

1 

2 

3 

•w 

3 

a 

1 

5 

5 

4 

12 

11 

4.00 
12.00 
11.00 

VO 



Table 43 

Compiled data of chromosome aberration in metaphase I cells of 3 month old P, tcAle of 
control and bacteriiim P. aeruginosa treated line mice of 2nd and 4th week (Control data 

are in bracket) 

Net Fix, Ind. Cells Individual type aberrations Gross tvpe aberrations Grand % < c* 
No, coxint, . Break type Pre~sep. Sotal N\mi» Others Total total ^ 

• Chr, Frag^ Mut/ Aut. Sex, cha. 
Asso. 

2nd 2 200 6 1 3 9 8 26 •* 10 10 36 18,00 

^^ (3) ( 300) U ) (-) (3) (6) (5) (14) (3.) (6) (9) (23) ( 7,66) ^̂ •̂ '* 

4th 2 200 3 - 4 1 3 11 10 13 23 34 l7.00 

'̂̂  (3) (300) (-) (~) (6) ( 3) ( 7) (16) (6) ( 6) <11) (27) ( 9.00) ®*°° 

Itotal 4 400 9 1 7 10 11 37 10 23 33 70 17,50 

(6) (600) (-) (-) (9) ( 9) (12) (30) ( 9) (11) (20) (50) ( 8.30) 
9,20 

o 
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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 frequency 

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 t3̂ pes taken together, 

it was 50 or 36,23%. Correspondingly in 3 Pg ^ 2nd week 

control line males, the chromosome aberration frequency in 

the second 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% individvial type 

and 22 or 9*6% gross type and the two typos combined it 

was 38 or 16.70%, ^erefore, the frequency of aberration 

in the treateĉ  line was higher than that of control and 

the net increase was 19.53% (Table 45), 

In 2 F^ 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 

tyjjes taken together it was 28 or 40,57% (Table 44), 

Correspondingly in 3 males of 4th week Fg control line the 

aberration frequency determined from ^9, 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%. thereforê .vthfe 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)., 

I 
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If the aberration data of the 0nd and 4th week were 

cottibined to have larger sample, in 207 metaphase II ©f 4 

treated line males there were 26 or 12,56% individual 

t^e, 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 

line 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 spermatogonia1 

metaphase, diakinesis, metaphase 1 and metaphase IX of the 

control and treated line Fg males revealed in all cases that 

the frequency was much higher than that of control. It was 

true that there were some obser-vational 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 frequency but they were considered 

both in control and treated lines» Even if these types were 

eleminated, the total frequency would be reduced but the 

frequency of other types would be found higher in the 

treated lines than that of controls. ThiiS disregarding 

the exac^ frequency^ 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 



3^ble 44 

Frequency distribution of chromosome aberration in metaphase II cells of P, "^1® of control 

and bacterixim £• aeruginosa treated line mice of 2nd and 4th week. 

. • • • - • • - — ' — - — 

No.of Grand 
Fix, Ind^ Calls Individual, type aberrations Gross type aberrations Total % 

No, count. Break type Phy.type Ibtal Nxan, Others Total 
Chr. Frag, Tr^ns/ Gaps & cha, 

Asso. cons, 

2nd 
wk 

1 

2 

3 

43 2 

79 

105 3 

2 

2 

Control 

6 

10 

2 

10 

7 

3 

10 

9 

9 

10 

19 

20.93 

12.65 

18.09 

Total 3 227 4 16 19 22 38 16.70 

Treated 

1 

2 

88 

50 

3 2 

5 2 

5 

1 

13 

8 

7 

2 

3 
• 13 

14 

15 

27 

23 

30.68 

46.00 

Total 2 138 8 4 21 20 29 50 36.23 

to 



Table 44 (Contd.) 

F ix , Ind . Ko.of 
No. c e l l s 

Indlvidxial type aber ra t ions 
Brea'k type j - r-

count. Chr. Prag. Trans / Gaps & 
As so. cons. 

Gross type aberrations Grand % 
Phy.tvpe Tbtal Nxim. Others Total total 

cha. 

4th 
wk \ 

1 

2 

3 

59 

57 

49 

Control 

3 5 6 

10 

3 

6 

10 

10 

11 
10 

12 

18.64 
17.54 

24.48 

Total 3 165 19 26 33 20.00 

1 
2 

37 

32 

Treated 

1 

1 

1 

4 

3 

3 

5 

12 

8 

15 

9 

19 

24,32 

59.37 

Total 2 69 2 17 23 28 40.57 



Table 45 

Compiled data of chromosome aberration in metaphase II cells of Pj male of control and the 
bacteri\am V, aeruginosa treated line mice of 2nd and 4th week (Control data are in brackets) 

Fix. Indi« Cells 
No. count 

Individual type aberrations 
Break type 

Chr. Frag. Trans/ 
As so. 

Ph. type Total 
Gaps & 
Cons. 

Grgs*^ -type aberrations Grand % 
Nineteen others Total total 

Het 
Incr 

% 

2nd 
wk 

4th 
wk 

2 

(3) 

2 
(3) 

138 
(227) 

69 
(165) 

8 
(5) 

3 

(1) 

4 

(7) 

(1) 

3 

(-) 

(-) 

6 

(4) 

2 

(5) 

21 9 20 29 50 36.23 

(16) ( 5) (22) (27) (43) (16.70) 

5 6 17 23 28 40.57 

(7) (7) (19) (26) (33) (20;00) 

19.53 

20.57 

Total 4 207 11 4 3 8 

(6) (392) ( 6) (8) (-) (9) 

26 15 37 52 78 37.86 

(23) (12) (41) (53) (76) (19.38) 
18.48 

to 
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would have no other alternative but to think of some 

mutagenic factor Induced by the treat3nent of log culttore 

of P, aeruginosa in males of parental generation was 

handed over to the P- generation through P- generation. 

In other word the mutagenic factor present in P-

generation was transmitted in the F^ generation possibly 

through chromosomes. The frequency was variable as it vfas 

expected for random segregation. 

An extensive data could not be scored in P- generation 

because of the higher incidence of reproductive failrjure 

occurred in F^ generation. Anyhow, in spite of various 

limitation the present study showed more or less a clear 

indication of the mutagenic potentiality of the log 

CTolture of ̂ , aeruginosa treated mice and the inheritance 

of the factor in F^ and Pg generations, 

D,•Sperm count in 3 month old Pg males » 

Thie epididymes of 2 each of the 2nd and 4th weeks 

treated line males and 3 each of 2nd and 4th week control 

line Pg males kept separately in 1% sodium citrate solution, 

vjhlle removing the testes of the specimens, were processed 

for preparing sperm suspension sanple following the method 

described earlier. The mean number of sperm was determined 

from 25 cbtants made in the Neubauer haemocytometer chamber. 

Cttaservation » 

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 coiribined 

data of the left and right epididymes, the mean values 

were 20,62 + 0.34 in 1st individual, 23.08 + 0,33 in 

2i3d individual, 21,04 + 0,46 in the 3rd individual showing 

not very much difference among different individvials, Wie 

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 weeX 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 similar study in F, generation 

showed considerable difference ma 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 F^ control line revealed also not much 

difference between 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 

cornblned 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 coxant in the epididymes of P- male of 

control and bacterium P« aeruginosa treated line mice of 2nd 

and 4th week 

Fix* No,of Rlcftit epldi.. Left epidi. Right & left comb« 
indiv. (Mean value j;S,E) (Mean value ± S.©(Mean value + S»E.) 

2nd 
wk 

1 
2 
3 

Con t ro l 
20.20 + 0.36 21.0 + 0.56 20.62 + 0.34 

22.52 + 0 .41 23.65 + 0,48 23,08 + 0,33 

19,40 i 0.48 22.68 + 0.64 21.04 + 0,46 
Average 20.50 22.42 21.58 

Treated 

1 

2 

Average 

19.48 + 0.64 

21,48 + 0.60 

20.48 

19.96 X 0-75 
20.32 + 0.51 

20..14 

19.72 + 0.42 

21.06 + 0.37 

20.39 

4th 
wlc 

1 

2 

3 

Aveirage 

C o n t r o l 
24.52 + 0.46 23.68 + 0,60 
24.88 + 0.39 20.28 X 0»82 
23.44 + 0.45 21.,52 + 0.60 

24.28 21,82 

24,10 + 0,38 

22,62 + 0,56 

22,48 i 0,39 

23.06 

1 

2 

Treated 

6.52 + 0.37 20,04 + 0.52 

22;.2i^ 0*37 20ol2 + 0,62 

13.38 + 1.03 

21.18 + 0.39 

ivv^rfeige 14„?8 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 + 0̂ .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 xvas ignored and the data of two individuals 

v/ere combined, the average would be 17.28 against 23.06 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 \a*iich caused the higher frequency of 

sperm depletion. Anyhow, the difference was not so glaring 

as found In F^ generation (Table 31), In F̂^ the average sperm 

count was 22.78 in the contirol line against 14.85 In the 

treated line Indicating a difference of 7.93 while it was 

5.78 in P2 generation. 

General comments 

The sperm count data analysed above showed that 

there X7as 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 F. male individuals from 1st t̂ eek to 4th week showed 

that the control line males had alxurays much higher sperm 

count than that of treated line and the difference was 

much more glaring in 1st vireek, 2nd xteek and 3rd week data 

than that of 4th week (Table 31). It was generalized before 

that the sperm depletion effect was -being continued in P-

generation while in F2 generation it was not so obvious. 

^Is would possibly indicate that the effect v/as reduced in 

successive generation possibly due to random segregation of 

the mutagenic factor. 
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E, Sperm head morphology in 3 month old P, males i 

Some part of the sperm s-uspension sample of the 

epididymes of both 2nd and 4th week control and treated 

line Pg individuals was used for the stvidy of the sperm head 

morphology. The glemsa stained preparation of the sperm 

smear v/as made following the procedure described before. 

Observation * 

TSie study of the sperm head morphology of both control 

and treated line specimens showed sperms with both normal 

and abnormal head morphology (PM 176a-b)• Ihe types of 

sperm with abnormal head morphology were more or less the 

same as fovtnd in F^ generation with regard to size, gamitiire, 

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 niariber sperms with abnormal head morphology 

was 118 and the average frequency was 9,83%, Ifiilike the 

result of the sperm count there was significant difference 



Explanation of PhotomicrocrraBhs 

Photomicrograph of sperm with abnormal head morphology 

In F2 male offspring in the treated line. 

PM 176a. Nonnal sperm head. 

PM 176 ̂ -ii Different types of sperms with abnormal 

morphology* 



a 

dfc 

g 

176 
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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 Tirtiile it was very glaring 

between individual to individual of 2nd week treated line 

{Table §7), 

In the 4th week control line 3 ^2 roaies t^® frequency 

of sperms with abnormal head rrorphology also did not vary 

appreciably from individ\ial 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 v/as 1.50% tvhich \ms also not so striking different 

from 2nd week data (1.11%), However, in 2 males of the 4th 

week P2 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. Otit of 1200 

sperms of two individuals, 66 were with abnormal head 

morphology and the average frequency was 5.50% which was 

hi^er by 4.0% than that of control (Table 47). 

Comment j 

If the sperrt head abnormality data of the corresponding 

week in F, generation were compared with the present data, 

it would be found that in F̂^ generation the average frequency 

in the 5 males of two mothers was 1.80% (Table 31) with not 

Tmch variation among different individuals and in the Pg 

generation it was 1.11% (Table 47). Therefore, there was not 

much difference in frequency of the control line of P- and Fg 

generation. On the other hand the average frequency of 
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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 ftead 

morphology differed by abo\it 4.0% between F. and F^ 

generation of treated line* However, in comparison to the 

respective' control, the frequency was significantly h i ^ 

indicating that the matagenic factor for the treatment of 

male parent was continued in F. and F^ generation in variable 

frequency. In other words the mutagenic factor was present 

in both the generations. A similar conparison of the 4th 

week data would also reveal that the average frequency of 

sperms with abnormal head nKDrphology of 6 males was 1.08% 

between 6 individuals in F^ and in Fg generation. The 

control data of sperm head abnoirmalities in both F̂^ and Pg 

generations of 2nd and 4th week F^ line showed more or less 

the same tirend having in common low frequency and not much 

difference between iridividuBl to individual. On the other 

hand in the 4th week F̂^ treated line males, the average 

frequency of sperm with abnormal head morphology was 17.62% 

(Table 32) and in P- 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 F̂^ and Pg 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 

Pg male of control and bacterium, P. aeruginosa 

treated line mice of 2nd and 4th week 

Fix* 
No.of Total No* Total No. 
Indi. of sp.head of abn* sp» 

counted head 

% 

2nd wk 

1 

2 

3 

600 

600 

600 

Control i»ine 

5 

8 

7 

0.83 

1.33 

1.16 

4th wk 

Total 

1 

2 

Ototal 

1 

2 

3 

Total 

1 

2 

%tal 

1800 

600 

600 

1200 

600 

600 

600 

1800 

• 

600 

600 

1200 

20 

Treated 

35 

83 

118 

Control 

11 

9 

7 

27 

Iteated 

45 

21 

66 

Line 

Line 

Line 

1.11 

5,83 

13.83 

9.83 

1.83 

1.50 

1»16 

1.50 

7.50 

3.5G 

5*50 
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F. Histological studies ; 

1) Effect on testis t 

Since the reproductive potentiality in F^ and Fj 

generation was greatly affected specially in the treated 

line* only few testes could histologically be studied. 

Ihe microtome sections of the testis of F^ males of both 

treated and control line were stained with haematoxylln and 

eosine stain* 

Observation t 

Wie histology of testis of the control line male did 

not shox7 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 seminiferoxis tubules was normal like that, of 

control but most of them have lost their compactness and 

having a number of Vacuoles (JM 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 spermatozoa. In some cases the lumen was 

blocked (PM 177). Further^ the appearance of the 

histological structure of the testis of F^ and Fg treated line 

males did differ appreciably. 

ii) Effect on ovarv » 

Ihe histological changes in the section of the 

ovary of 2nd and 4th I'̂eek control and treated line F^ females 



Explanation of Photomicrographs 

Photomicrograph of the section of testis of treated 

line Fg individuals. 

PM 177, Lumen of the follicle is blocked and without 

spermatozoa. 

PM 178. No dividing cells and many vacuoles v;ithin the 

follicular cell lining. 
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with regard to the structure like perivitelline space, 

number of nucleoli, abnormal nucleus etc., ff any were 

studied (Table 48). In the control line the sections 

showed that there was some cases of large perivltelline 

space and abnormality in the nucleus. On the other hand 

the sections of the ovary of treated line of 2nd 4th week 

Pg 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, 

Ihus 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 

P2 control line was 8.09%, 10.12% and 0,71% (Table 48) v;hile 

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 amô n̂t of effect. 

Effect on uterus s 

Histological section of uterxis of the P, females of 

control and treated line did not show any glaring difference. 



Explanation of Photomicrographs 

Photomicrograph of T.S, of ovary of Pg individuals, 

PM 179, Two macro-nucleoli within the nucleus of a 

secondary follicles of which one in degenerative 

condition, 

PM 180, T\,nD 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 

highly fragmented. 





Explanation of Photomicrographs 

Photomicrograph of the T.S, ovary of F^ individuals. 

EM 182. Three macro-nucleoli with nuclexis of a 

Graafian follicle. 

PM 183^ One macro-, and some micro-nucleoli with a 

nucleus of a mattirlng/Graafian follicle. 

PM 184, Two prominent macro nucleoli within a 

nuclexis of a Graafian follicle. 





Table 48 

Frequency of abnormal secondary , m a t u r i n g / g r a f i a n f o l l i c l e s i n F_ female o f f s p r i n g 
f o r mat ing of P j male and females of c o n t r o l and Psaudomans t r e a t e d l i n e 

F i x . I n d . Stage T o t a l Large Nucleiis Nucleus Nucleiis i^bn, A t r i , To ta l % 
No#- P.V. 2 3 4 n u c l e , f a l l i , 

space 

Con t ro l 

G.T,/M 8 0 3 1 - - - 2 6 7 .50 
t 

S.P . 95 2 - - - 3 * * - 5 5.26 

2nd 
wJc 

Tb ta l 175 5 1 - - 3 2 11 6 .28 

Trea ted 

G,P./M 98 4 3 - - - 1 8 8.16 
1 

S . F . 110 9 1 - & 4** - 14 12.72 

T b t a l 208 13 4 - - 4 1 22 10.57 

to 



Table 48 (Contd.) 

Fix. Ind, Stage Total Xarge Nucleus Nucleus Nucleus Abn. Atrl. Total % 
No, J . . . P.V, 2 3 4 oucle, falli* 

space 

Control 
• A G.f;^ 100 4 1 • - ^ 4'_' 9 8,18 

^ i_ 

S,F. 125 6 - ^ • 5** - 11 8.80 

Ibtal 235 10 1 - - 5 4 ,20 8,51 

2nd wX Treated 
G.f./M 70 30 11 5 3 2 « 51 72,85 

2 
S.P. 105 18 15 1 - 11** - 45 42,85 

Total 175 48 26 6 3 13 - 96 54.85 

4,th wk Control 

1 - - « » 7 6,30 

1 

G.f./^ 

S.P. 

110 

100 

6 

10 - - 10 10,00 

Total 210 16 1 - ^ - « 17 8,09 

to 



Table 48 (Contd.) 

Fix. Ind.No, Stage Total Large Nucleus Nuclevis Nucleus Abn» Atrl, Total % 
P.V» 2 3 4 nuclei falll. 
space 

4th wl? 

G.f,/K 115 r 

S.P, 85 5 

Treated 

2 

3** 

14 

8 

12.17 

9.41 

Total 200 12 22 11.00 

G.f./M 112 8 

S.P. 125 6 

Control 

5** 

13 11.60 

11 8.80 

Total 237 14 24 10.12 

G.f,/M 105 

S.F. 

8 

125 10 

2 

1 

Treated 

1 

8 ̂* 

13 

21 

12.38 

16.80 

Total 230 18 8 24 14.78 

a> 



Table 48 (Contd.) 

Fix, Ind, Stage Total I*arge Nxicleus Nuclevis Nucleias f^n, Atri,. Tbtal % 
No, P,V, 2 3 4 nuele, falli, 

space 

4th Contxol 

G,f./to 117 4 

S.P, 130 11 3** 

10 8,54 

14 10,76 

Ibtal 247 15 24 9.71 

** Cytoplasm vacuolated 

vo 



CHAPTER IV '̂'̂  

A, Teratogenic effect in P. aeruginosa log cultvire 

injected females after showing vaginal plug 

against nutrient broth injected controls 

Ihe teratogenic effect caused by the rubella and 

cytoraegalo viruses have been mentioned before. Brown 

(1966) made a review of the viral aetiology of congenital 

anomalies associated with rubella, influenza, cytomegalo 

infections hepatitis, coxsackie, poliomyelitis, ECHO, 

muxTtps, measles, small pox and encephalities viruses, 

Airrang them the teratogenic ef'fect of rubella, cytomegalo 

virus, coxsackie, poliomyelitis etc. was claimed while it 

was not so certain about influenza, infections hepatitis, 

mvjmps etc, Desmond et al, $1970) reviewed the vrork of early 

growth and development of infants with rvibella infected 

mother. They showed various types of effect. Similarly 

Hanshaw (1970) reviewed the developmental abnormalities 

associated with cytomegalo virus infection. Beside virioses, 

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 v;ith 

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'stud^, an attempt has been made to see 
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the preliminary effect of Pseudoroonas culttire 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 if the vaginal 

plug had appeared. Such 10 females showing sign of 

pregnancy in each batch were taken and the log culture of 

JP, 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 vaginâ t 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 foxind 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 

CTilture, was found to have no embryonic iniplants 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 fertilized 

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 foTjnd in the treated line. !Iherefore, the absence of 

any female of the treated line having no implanted 

QPtibryD 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-iinplantation loss# 

Similar study was carried out with different 

sets of 10 females showing vaginal plug. In the 

seconffl 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 

£• 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 coTinting the nxariber 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 vAiich 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 mlg^t have taken place at least in 

some of than but the fertilized eggs could not 

implant in the utejrus indicating the pre-implantation 

loss. 
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A set of 10 control females showing vaginal plug 

was injected on 3rd day with the nutrient broth served 

as control v/hile another set of 10 females showing 

vaginal plug were injected on 3rd day with log cultxare 

<̂f 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 finales, 6 were really pregnant v*iich 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 living implants and 2 dead implants 

(Table 49) and in the other individuals some unlmown fluid 

was found to acciamalate in the swelled utertis (PM 185). 

Ihese two living embryos when examined under dissecting 

binocular, one appeared to have disproportionately large 

brain (PM 188) while both the embryos had one fore liitib 

without the formation of digit <PM 187-188). Therefore, 

the treatment of the log-cultxire on 3rd day after the 

formation of vaginal plug showed very interesting result. 

Thou^ most of the females had fertilized egg destroyed 

by the effect of the Pseudoroonas 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 vaginal plutf, 6 



Explanation of Photomicroorapha 

Photomicrographs showed different types of affect 

after treatment of Pseudomonas culttire on different 

days of pregnancy* 

Wi 185, Swelled uterus. 

PM 186, Uterine horn showed all dead eiribryos. 





Explanatior^ of PhotomicroqrapBs 

Photomicrographs of affected embryos after treatment 

of Pseudomoaas cultvire on different day of pregnancy 

i.e, after appearance of vaginal plug; 

PM 187. One deformed fore limb, 

m 188. One deformed fore llrtib and a abnormal brain size, 
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females were injected with freshly prepared broth and 

8 females vjere injected with log culture of Pseudomonas. 

Table 49 

Teratogenic effect in JP. aeruginosa log culture injected 

females showing vaginal plug against nutrient broth 

injected controls. Control data in baacket. 

Days of 
treat. 
after 
plug 

1st day 

2nd " 

3rd " 

4th " 

5th " 

No. of 
plug 
fern. 

10(10) 

10(10) 

10(10) 

Bi 6) 

9( 5) 

No.of 
preg. 
fern. 

*(6) 

*(7) 
t 

2(6) 

3(5) 

7(4i 

No .of 
impl. 

*(35) 

*(60) 

4(37) 

11(35) 

45(29) 

No. of 
living 
impl. 

*(35) 

*(57) 

2(36J 

1(35) 

-(29) 

No.of 
eitibr. 
show­
ing 
terato 
genie 
effect 

*(-) 

*(-) 

2(-) 

^l(-) 

-(-) 

No, of 
dead 
emb­
ryos 

*(-) 

*(3) 

2(1) 

lO(-) 

45(-) 

Remark 

Growth 

retarded 

Growth 

retarded 

•Complete absence of implantation in Pseudomonas c\ilture 

treated females after mating and appearance of vaginal 

plug. 
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Each female was sacrificed on 15 day after observing the 

vaginal plug, llie uteri of 6 control females exposure 

revealed 5 of them were pregnant and there were 35 

implants but none was deadf 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 control series and 9 females within 

log culture of Pseudomonas in the treated series after 5 

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 .7 

'Comments : 

ThQ injection of the log culttore 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. Puxrther the 

treatment of Pseudomonas culture was totally fatal to 

the fertilized egg \î en the bacterial sample v/as 

injected on 1st and 2nd day after the appearance of 

vaginal plut. It MBB largely fatal from Sard to 5th day 

indicated by both pre- and post-implantation loss. Ihus 

with the lapse of time after the appearance of vaginal 

plug, the treatment (as on 5th day) catased largely the 

post-iir̂ slantation loss because by the time the fertilized 

eggs vrere implanted into the uteri. If the data of the 

nutrient broth injected control series was considered, 

there vras perhaps no pre-implantation loss. This was 

svirmised because females which were really pregnant did 

have many living implants barring one or two dead, Ihus 

out of 196 implants for the injection of the nutrient 

broth in 1-day to 5th 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 h i ^ before and after implantation for 

the treatment of Pseudomonas culture to pregnant females 

1 to 5 days after the appearance of the vgginal plug. It 

was much higher than that of Pseudomonas treated males 

mated to different sets of females for 7 week described 

before. 

Ihe 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 ^eated 

series pregnant mothers. 

It was mentioned before that though the mechanism 

of action for the production high percentage of mortality 

and embryonic deformity in Pseudomonas culture treated 

females has not been critically undertaken but it was 

looked for if there was any mechanical reason apart from 

the genotoxic effect. With this in view transverse 

sections of'the 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. 

Observation s 

As examination of the histological stained 

preparation of the uterus of control females showed that 

the structiores were just like normal (PM 189) the detail 

of v^ich has already been presented in Chapter I. On the 

other hand the sect(|on of the utertis 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 undxilatedj large nxiihber of villi projected into 

the lumen (PM 192), blood vessels having very narrow 

cavity, RBC number was limited and so on. The mxascular 

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. Ihe 



E ^ l a n a t t o n of Photomicrocfraphsc 

Photomicrogjraphs of T*s. of utertis a f t e r treatment of 
PseudOOTonas cu l t u r e ou d l f ferei\t day of pregtvaney t*.ei, 
a f t e r appearance of vaginal p lug, 

PM 189, Normal s t ruet i i re of u t e r u s , 

PM 190, Disorganised connective t i s s u e with many 
nec^^rotlc c e l l s . 





Explanation of Photomicrographs 

JPHotomicrographs of T.S. of uterus ijafter treatment of 

gseudomonas culture on different day of pregnancy i»e, 

after\appearance of vaginal plug* 

PM 191. Disorganised connective tissue layer and many 

vacuoles in the uterus* 

file:///appearance




Photomicrographs of T.S. of uterus after treatment 

of Pseudomonas culture on different day of pregnancy 

i,e, after appearance of vaginal plug. 

V^ 192. Large nuntoer of villi projected into the lumen 

of uterus. 

PM 193, Loose villi within the lumen of the uterus. 

PM 194. Disorganised permimetrivira layer in the uterus. 
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cells in the uterine epithelium were disorganized, some 

ware loose and found in the lumen, some were cytolized 

(PM IBZYp The cells in the perimetrium layer were also 

disorganised and no definite demarcation of the membrane 

could be distin^tiished. etc. They would render some 

mechanical hindrance in the treated mother beside the 

genotoxic effect produced by the bacteritcn. 

The histological sections of the pregnant mother at 

15 day to whom the log culture was injected on 4 day after 

observing vaginal plug also showed the changes in the 

form of very narrow Ixjmen, some detached villi and dead 

cells within the lumen (PM 192) disorganised connective 

tissue layer, many vacuoles (PM 190), small number of 

fibroblasts and blood vessels, muscular layer 

showing sign of separation of muscular fiber etc,, 

TJaerefore, the structure of uter\is showed greater 

abnormalities specially 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 sone abnormalities which might have 

inflicted as a result of the toxin of the bacterium, 

Pseudomonas in the treated mother, Myhow, the toxin or 

some other factors must have genotoxic effect as 

indicated in earlier chapters. 
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Concluding remarks » 

!Ihe effect of the intraperitoneal Injection of 

log cult\are of P, aeruqinosai • (1) in male parents and 

their mating to virgin females leading to, (2) F^ 

generation and (3) IriTbreeding of F- brother-sister of 

F^ production Pg generation and (4) females after 

showings sign of pregnancy injected with the bacterial 

cultxire 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 to 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. 

Ihe 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 breaB:̂  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 t3?pes, 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 

importance on the exact value was not attached beca\jse 

of the inclxxsion 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 Pseudononas 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 iiranediate 

vmich lingered for a long time* Further, the individiial 

type aberrations v/ere ncstly of chromatid type Which would 

Indicate that the Gj pŜ ase was most vulnerable, Ihe 

response was con5)arable to those of chemically Induced 

aberration as similar situation was generalized by 

Kihlman (1966). It was not pertain how many of the affected 

chromosomes underwent restitution or else the affected 

cells died. It seemed that both were effective because 

more or less the same chromatid type aberrations were 

encountered at various intervals* It has been assumed 

that the aberrations were produced not by the direct 

effect of the bacterium but very likely the treatment 

induced certain mutagenic change in the some chromosome 

loci which under normal condition xsrere responsible to 

maintain the structural integrity* Such a hypothesis was 

forwarded by Manna (1984) < T^e same has also been 
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envisaged in the present study because the same types 

of aberration xirere encounted in the spleen of embryos 

and bone marrow cells of treated parents and in F̂ > and 

P, generation. 

The individual type aberrations specially the 

chromatid breaks when analysed, showed that they were 

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 P^ 

generation* %is has been explained as due to the presence 

of some inherent weaker region in the chrorrrasome 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 region in chromosomes in 

mice. He cited evidences from prokaryotype chromosomes as 

well (Stahl, 1972)4' txi recent years nearly 18 heritable 

fragile sites in hiaman cancer chromosomes have been 

detected (LeBeau and Rowley* 1984; Chaganti, 1985), In 

the present study the occiirrence of the nonrandom 

distribution of chromatid breaks found in F* generation 

of treated line mice vrould also suppozrt that the genetic 

loci controlling them were inherited, 

Ttie differential occurrence of the precocious 

separation of chromatids of some chromosomes belonging to 

different groups shov/ed that the maximum incidence took 

place in group V, The next one was garoxip IV while it was 

veiry rare in chromosomes of groups 1 and II, The 

differential precocious 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 grotcps specially of 

groups V and IV might have some defect in centromere. 

This was found more in treated series due to genotoxlc 

effect than that of the control* Sxirprisingly this trend 

v/as also found in F, generation^ This would indirectly 

lead to suspect that the phenomenon could be under genetic 

control. Anomalous chromosomes behaviotir due to centroraeric 

condition are Iqniown in many organisms while it has been 

fotmd also in some chromoscraes of mica. Further asynchronous 

separation of chromosomes of the complement in other 

mammals has also been claimed (Parook and Parook, 1985). 

The clastogenic potentiality of the log culttire of 

P» aeruginosa besides the somatic chroiraDsome aberration 

study was also supported by the micronuclei test. However, 

the dose dependent effect could not be established for the 

present because the higher doses ti/ere fatal to the treated 

mice, Ihe treatment of 1 ml dose revealed that the 

frequency of micrtjnucleated polychromatic and normochromatic 

erythrocytes was greatly enhanced than that of control.(^ 

However, the frequency of micronucleated cells was 

relatively low than of the chromosome aberrations, Ihis 

vms not unexpected because in MNT only few among many forms 

of chromosome aberrations could be detectable. 

The clastogenic potentiality of the bacteritim was 

further supported by the study of the meiotic chromosone 

aberration studied at spermatogonial metaphase, diakinesis, 

metaphase 1 and metaphase II, The frequency of aberration 
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in treated mice was significantly high than that of 

control Vifhich was observed at all 18 intervals between 10 

minute to 7th week. 3his confirmed the findings of the 

bon© marrow cells. All the more the aberration study in the 

meiotic chrortKJSomes 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 speirra count of the epidldymal 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 subjudiee. 

However^ the occixrrence of the higher frequency depletion 

in sperms in epidldymal samples in F, generation and 

^2 generation of the treated lines than that of control 

lines might tempt to imply soir̂  genetical involvement but 

we refrained from making any positive claim xmtil it is 

positively proved. 

The study of the frequency of sperms with abnormal 

head morphology in the epidldymal samples showed that the 

frequency in treated males was significantly high than 

that of control. The occurrence of higher frequency of 

sperms with abnormal head morphology in treated lines of 

Pĵ  and F^ males than that of control would siipport the 

genetic control of sperm head morphology which has been 

claimed by many workers (see wyrobeck, 1979) • 
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Ihe treatment of the Pseudomonas log culture to 

males and females brought changes in the histological 

structure of the testis and ovary. Ihis also affected 

the reproductive potentiality for which there were some 

increase in the frequency of sterility of the mating 

individuals, Ttiese results mi^t 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 F̂^ and 

Pg generation showed some struKJtural abnormalities 

along with the reduction in the reproductive potentiality 

in treated lines more than that of control* '2his would 

imply very likely the genetic involvement as histological 

changes in reproductive gland for the treatment of some 

Insecticide has been claln^d to be a parameter of mutagenicity 

testing protocol (Bal, 1984). Anyhow the study of 

histological section of uterus in bacteria treated females 

showed various changes in the structure. Thla was 

considered to be a sort of mechanical obstruction to the 

normal repooduction.^ 

It is well known that the mutagenic potentiality 

of an agent could be established irore definitely if some 

changes could be shown in F^ generation against suitable 

controls,. With this in view* several cytogenetic assays 

were conducted in F̂^ generation of v;hich so-called the 

"dominant lethal test" in mice was vejry crucial. Anyhow, 

for the lethal test the male moxise treated with the log 

cultxire of Pseudegpftgnas was allowed to mate with different 

sets of virgin females consecutively for 7 week to cover 

the tin^-table of spermatogenesis and spermiogenesls from 

undifferentiated 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 1st, 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, 

TSierefore, thou^ 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. Ihe effect of the treatment of Pseudomonas 

was supported fuxrther by the study of the chromosome 

aberration in the liver cells of F̂^ enibryos at 15 day of 

gestation and in bone marrow cells of 3 month old P- adults. 

Bie 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 (Tfeible 17) the frequency 

of chroiTiosorae aberration was strikingly higher than that 

of control. Similarly the study of bone marrow chromosome 

aberration in 3 month old P^ 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 Fj generation of the treated line had very high 

frequency of aberration than that of control which had been 

explained as due to the inheritance of the mutagenic 

factor from parent to P^ generation. Purt|̂ er, the effect 
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was not tissue specific as liver and bone marrow showed 

hi^er frequency of aberrations in F^ generation. 

Basing on the hypothesis advocated by Manna (1984) it 

has been envisaged that there was mutation in some 

chromosomal loci which \mder 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•̂  tt 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 ^^ living individuals, Anyhow, 

the study of the chromosome aberrations in F- generation 

would support that it was under the control of genetical 

factor. 

Ihe chromosome aberration was found not only in the 

somatic cell of F̂^ enibryos and bone marrow cells of adult 

but also in the testis cells of F, males of 3 month old 

mice of treated line. The study of chromosome aberration 

in spermatogbnial metaphase, diakinesis, metaphase I and 

metaphase II of the treated line F^ males of 4 week mating 

revealed very high frequency of aberrations in all these 
t 

stages as compared to that of control presented before. 

It could be generalised that the high frequency of the 

chromosome aberrations in somatic and germinal cells of 

Pj treated line than that of control mxist have been produced 

due to some mutagenic factor transmitted from treated 

male parent to the P- generation. 

file:///mder
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Ihe s-tafly of the sperm count and the spexro head 

irorphology of the epldldymal samples of those P̂^ males in 

which the melotlc chromosome aberration study was condxjcted. 

It revealed that there was significantly high depletion in 

the' sperm count in treated line males than that of control 

in all weeks, This result perhaps would Imply some genetic 

factor transmitted In P̂^ generation which was responsible 

not only for the higher frequency of the chromosome 

aberration but also the sperm depletion effect. Similarly 

the higher frequency of sperms with abnormal head morphology 

in the epldldymal samples of 3 month old P^ males of foior 

week tpreated lines than that of control would also imply 

the same factor was transmitted from treated male to 

offspring in Fj generation (T&ble 32). 

The study of the teratogenic effect in P- 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 lndlvidtd.s 

were encotjntered but all were in the treated line and none 

in the control line, O^erefore, they were indicative of 

the teratogenic effect induced by the treatment of the log 

culture. 

Beside the cytogenetic and teratogenic effect 

found in the P- generation metnioned above there was 

also some effects in the histological structture of the 

testis, ovary in Pĵ  individuals than as compared to 

controls ̂ ^ile no effect was found in the uterus. 



298 

% e various results obtained in F. generation 

sunroarised above would testify the mutagenic potentiality 

of the bacterium, JP, aeruginosa. However, the specific 

factor in £. aerugjjntosa acting as the mxitagen is yet to 

be determined, Ihe bacterial toxin a (Maana, 1980) 

or else the cell Wall or son© component of the bacterium 

is to be critically evaluated. 

^ e mutagenic potentiality of the bacterium was 

further evidence.n-zhen the result of the different studies 

carried out in F, g^n^ratlon were considered,' As the 

treatment of the bacterium reduced the reproductive 

potentiality and in some cases induced complete 

sterility, the data of F^ generation suffered considerable 

limitation. Because of the limited availability of 

specimens it was not possible to varify if there V7as any 

lethal effect in F, generation during gestation after 

seiflng the F^ treated line males and females in con?>arlson 

to that of control line males and females. It was attempted 

after parturition but the data was also very limited (Table 

34), However, the chromosome aberration study in the bone 

marrow cells of the F^ Individuals obtained from mating 

of Fĵ  treated line males and females of 2nd and 4th week 

revealed hiĝ êr frequency of aberrations than that of 

controls (e.g. 37.5% against 9,5% in the control of 2nd 

waejz and 35.0% against 8,5% in the control of 4th week) 

Indicating the mutagenic factor was transmitted from F^ 

^ F^ generation. 

Further, the study of the chromosome aberration in 

the spermatogonial metaphase,, dlaklnesls, metaphase I and 

metaphase II from the testis of two male individuals of the 



28^9 

2nd and 4th weeK treated line revealed also hl^er frequency 

of aberrations than that of control. The resizlts of 

chroirosome aberratipns in cells of testes,of Fj treated 

line males also suppoirted the view that the mutagenic 

factor was transmitted in the P- generation from F^ 

generation. It was mention^ before that the sperra count 

of the epldidymal sample of 2nd week treated line F^ males 

did not show much difference with that of control v^ile 

the difference was somevjhat 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 

i^ek and 4th week treated line F^ male indlvidxials was 

significantly higher than that of control in each week. 

-!Iherefore, almost all the tests:- mentioned above shotired 

that the mutagenic CUD change induced in the parental male 

vas transmitted to F^ and F^ generations. 

The teratogenic effect intended to be studied by 

treating the females with log culture froni one to five day 

after observing the vaginal plug against nutrient broth 

injected control. Ihie was largely not fruitfrol 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 t̂ ere 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 ĉ llture was injected on 3rd day after the plugging. 

The treatment of the log cultxare on 4th day and 5th day 

after plugging 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 

alitKsst all the implants were dead.> Thus out of the total 

of 60 implants observed in 12 pregnant irothers treated 

with Pseudoironas cult\ire on 3rd day, 4th day and gth 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-linibs etc. So in spite 

of this limited data the study indicated the possibility 

of very high frequency of teratogenic effect induced by 

log culture of Pseudomonas treated females, Wie high 

frequency of pre-implantatlon loss of the fertilissed eggs 

ciirtailed the data of the present study. 
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Sunnnary 

The clastogenlc, mutagenic and teratogenic 

potentialities of the bacterium, P, aeruginosa belonging 

to the family Pseudomonadaceae xinder 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 : 

Iiaboratory bred Swiss albino mice, Mus musculus of 

about 3 month old were used as experimental animals* The 
7 

log cultiore of P, aeruginosa containing approxiiiately 17x10 

cell/ml generally injected Intraperitoneally at the rate of 

1 ml/100 gm body weight of the individual served as treated 

series i<*ille 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 P̂, aerugjLnosa 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, 

gaps and constrictions, precocioxos centromerlc separation 

etc, and grossl types consisting of numerical change in the 

form of aneuplo;kdy and polyploidy and other types like 

stickiness, pycnosls etc. As compared to control, the 

aberration types were more common in the treated specimens. 
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% e 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 ati 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, 

t̂oong 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 dissociation 

in different groups of chromosomes in material fixed in 

7 weeks of the control and treated samples was made. Both 

in control and treated specin^ns, the frequency of 

centromeric dissociation was relatively high in chromosomes 

belonging to group V and grotip IV while It v;as practically 

absent in chromosomes belonging to groxrps I and II, The 

frequency of centromeric dissociation was relatively very 

h i ^ in chromosomes of the treated specimens and the net 

increase over control was 15,75% in 1st 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 coittoined 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 cultxire of Pseudomonas, 
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The chromatid breaks were fo\ind nonrandomly 

distributed betvjeen and within the five groxsps of 

chromosomes when the observed and the expected number were 

compared# The data showed that chromosomes belonging 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 chromosones 

was more vulnerable v^ile the proximal region was somewhat 

resistant as the observed and the expected nxiiiibers were 

compared. This has led to support the earlier view 

advocated by Manna that mica chromosomes possibly have 

inherent weaker regions which was supported in recent 

years by the discovery of some 18 fragile sites in htjcman 

cancer chromosomes. 

The clastogenic potentiality of the P, aeruginosa 

was s\5>ported further by the study of the micronucleated 

polychromatic and normochromatic erythrocytes as the data 

were conpared 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 cultvire of Pseudomonas failaS beca\3se these doses 

were fatal to the treated specimens. The frequency of 

micronucleated 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 potentiality of the P. aeruginosa 

was fxirther substantiated by the st\idy of the meiotic 
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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. Ihe 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, 1st week, 2nd 

week, 3rd week, 4th week, 5th week, 6th week and 7th week 

Was in• spermatogonia! metaphase, 1.37%ii 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%, 24,6T^, 55,39% and 

19,09% respectively? in diakinesis 7*26%* 1,96%, 5,72%, 21.78%, 

64.57%; 14i06%, 8.38%, 29.57%, 2.26%, 34.86%, 60.27%, 92.11%, 

22.22%, 71,57%, 52,83%, 29,59%, 74.14% and 58.47% respectivelyi 

in metaphase I 11,33%, 5.34%, 1,34%, 5.66%, 23.34%, 23.67%, 

9,66%, 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 II 15.40%, 17,05%^ 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 spermatogonia! metaphase, 33,99% at 

diakinesis, 19,56% at metaphase I and 28,53% at metaphase 

II. If the data of all stages of division were cornbined to 

have a very large sample,̂  the net increase in the 

aberration frequency in meiotic chromosomes over control was 

14.62%, Ihe occiirrence of the higher frequency of 

chromosome aberration in different stages of raeiosis 

confirmed the clastogenic potentiality of bacterium 

in treated mice which was evidenced by the study of bone 

marrov; chromosome aberrations and by the occxarrence of 

higher frequency of micronucleated cells. 
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The effect of Pseudoinonas eultxire was assessed on 

the spertn 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 againjSt 14.03 + 0*'50 at 24 hr, 

4.89 + 0„42 against 13.26 + 0,66 at 48 hr, 8.14 + 0.36 

against 13.71 + 0,83 at 72 hr,, 7.30 + 0.54 against 15,63 ± 

0^46 at 96 hr, 6,72 + 0,52 against 18,63 + 0,38 at 120 hr, 

4,61 + 0,33 against 16,86 + 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 18.35 + 0.96 at 5th week, 6,41 + 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, qeruginosa Induced 

significant decrease in sperm.count and the difference 

was statistically significant almost in every intervals, 

' The frequency of sperms xi/lth abnormal head 

morphology v/as studied from'smear of the epididymal sarrtple 

of the control and treated males. Ihe frequencies of sperms 

with abnormal head morphology foiand In the epididymis of 

treated and control specimens respectively were 1,22% 

against 0,94% at 10 rain, 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% against 1,61% 

at 3rd week, 17.0% against 1.22% at 4th week, 27.5% against 

2^05% at 5th week, 28„0% against 1.0% at 6th week, and 22.5% 

against 3,33% at 7th v;eek. 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 

conibined, the average frequency was 32*58% in treated series 

against 4*25% in the control series and the difference w&s 

statistically highly significant (P<0,001). 

The stxK3y 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 t^^ changes induced 

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 h i ^ in the 

treated specimens than that of control implying the 

clastogenlc and mutagenic potentiality of the bacterixim 

P. aeruginosa, 

The mutagenic potentiality of the bacterixan, 

P? aeruginosa v/as sxibstantiated in F- generation using 

different testing methods and the results have been presented 

in Gha|>ter II and they ]iave been summarized in the following : 
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The lethal test, a crucial one for testing mutagenic 

potentiality of an agent has been conducted by the mating 

log culture of Pseudomonas treated male mice with different 

sets of virgin females each week for consecutive 7 weeks 

to cover the time table of spermatogenesis and 

speriniogenesis. The lethal effect in F^ generation was 

assessed for the post-implantation loss at 15 day of 

gestation and at the end of weaning period after partxarition 

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 also good amoxint of sterility 

observed for vAiich out of 21 females, only a few were 

impregnated which limited the data of lethal test. The 

mutagenic index in treated series was found relatively high 

in 1st to 4th x-?eek as conpared to control while no data could 

be obtained in the remaining v/eeks for the reason stated 

before, The mutagenic index in the conibined data of during 

gestation and after parturition in treated and control series 

respectively viere 40,0% against nil in 1st week, 25.0% against 

4,17% in 2nd week, 22,73% against nil in 3rd week and 29,09% 

against nil in 4th week, \'^en the data of all weeks were 

combined, the mutagenic index of the average was 24,44% in 

the treated series against 1,58% in control series, Ihus 

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 

coir5>ared to control, A2cordi4:jg 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 roeiosis because no 

data were available after 4th weak. 

Ttie mutagenic potentiality of the log culture of 

£• aeruginosa also stipported by the study of the chromosome 

aberration in liver cells of embryos at 15 day gestation 

and bone marrovr cells of 3 month old individual of P. 

control and treated lines, Ttie chromosome aberrations in 

embryos of both control and treated series could be 

assessed for mating of 2nd week, 3rd v;eek, 4th week and 7th 

week lines Which showed qualitatively more or less the same 

type of aberrations as found in the treated and control 

specimens of the parental generation having both individual 

and gross type aberrations. However^ the frequency was much 

higher in treated line embryos than that of control line* 

The average frequency of aberration in the liver cells in 

different embryos 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 frequency 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 hic^er frequency of chromosome 

aberration them that of control. Similarly the stvidy of the 

bone marrow chromosome aberrations in 3 month old F- adults 

ware fo\md much higher in treated line than that of control 

and the frequencies were 34,33% against 5,6% in 1st 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. If 

aberration data of all weeks were combined the average 

freouency vrqs 33.31% against 5,94%, therefore, the frequency 

of the chromosome aberrations assessed from liver cells of 
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D̂nbryos dtiring gestation and the bone marrow cells of adult 

after parlnteAtion showed more or less the same trend of 

having much hi^er frequency of aberrations than that of 

control which has been considered to be due to the 

chromosomal mutation induced in parental generation was 

transmitted to P̂  generation. It was envisaged that 

possibly be some loci in chroitrasomes which normally control 

the structxoral integrity of chromosome \anderwent mutational 

changes and therefore, the presence of the factor prevented 

the maintenance of the structural integrity unlike nojntnal 

state, 

Bie 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 chronwsome 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 mô -e susceptible 

so also the distal region fertilch s\;«>ported the idea of 

Inherent weaker region present In chromosomes. 

In F. generation the frequency of chromosome 

aberrations at spermatogonlal metaphases, dlaklnesls, 

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 meiotlc division stage, Ihe frequencies 

file:///anderwent
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of total aberrations of spermatogonia! metaphase, in treated 

versus control lines were 46,6% against 8,0% 1st 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 dlakinesis, the frequencies of aberration in 

treated and control line F, males were 25.0% against 8,0% 

in 1st week, 44,28% against 9,05% in 2nd week, 34,28% 

agaJLnst 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 raetaphase 1 the frequencies of chromosome 

aberrations in treated versus control were 30,0% against 7,5% 

in 1st week, 35,0%,^ 5.4% 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% 

respectively. 

At metaphase II the aberration frequencies in treated 

versus control were 53*33% against 7,20% in 1st 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 chromosome 

aberration frequency was much higher in treated line P. 

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 P- generation. 
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Like the chroitosome aberration study, the study 

of sperm count from the epididymal s\aspension of sperms 

revealed higher frequency of sperm depletion than that of 

control and in the oonibined 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 week̂ ~ 6,68 against 16,23 in 3rd week and 14.85 against 

22,78 in 4th week indicating that the depletion in sperm 

coxmt in treated males was much higher than that of 

control as fotond in parental generation, The contrinuatlon 

of the higher depletion in sperm coiant in the treated line 

P- 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 F^ treated line and control line males was found much 

higher in frequency in̂  the treated line than that of control. 

The average frequencies in treated versus control line were 

11,66% against 0,83% in 1st week, 13,53% 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 hi^er 

frequency of sperm with abnormal head morphology was 

continued in P^ treated line like parental generation. 

This has also been taken as a supportive evidence of the 

Inheritance of mutagenic factor from the parental generation 

to Pi generation in the treated line. 

The study of the teratogenic effect was also attenpted 

on the living embryos collected v^lle testing the lethal 

effect and in some organs of the 3 month old P- individuals 

but higher percentage of sterility yielded the limited data. 
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Out of only 68 living enabryos obtained from 13 P, treated 

line mothers only 1 showed the rib abnormality while it 

v;as totally absent in 131 embryos examined in control line. 

Further out of 19 Pj adults examined 3 were dwarf in size 

and 8 had morphological changes in the brain*: Further 

the testes and utertis of the dwarf individuals were ill 

developed^ On the other hand* an examination of 35 

individual of control line did not show any such teratogenic 

effect, 

Tti^ histological study of testis,, ovairy 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 F^ individuals like that 

of individual treated with log culture of P« aeruerinosa > 

On the other hand the section of the testis and ovary of F, 

control line had practically no difference from that of 

normal structure#; The histological stiraeture of uterus of 

control arid treated line females showed no marked changes <* 

!Ihe mutagenic potentiality of the treatment of log 

culture of Pseiidomonas in treated male parent was followed 

to some extent in P, generation and the results have been 

presented in Ĝ iapter 111 as summarized in the following I 

Hie data Of the lethal test carried out by brother-

sister mating of P| treated line against control line were 

very limited beicjause not many individuals for mating were 

available and in some week they v;ere completely absent* 

2herefore> ho lethal testing was possible at 15 day gestation 

arid the very limited data obtained after parturition yielded 

only 1 pregnant fensile having 4 embryos all were alive in 

1st weeki. so also the case of another mother of 4th week* 
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The higher frequency of sterility developed in the P^ 

individuals prevented extension of the data. It was very 

uncertain if there was any lethal effect in P, generation 

because of the very meagre data though there was some 

indication shown by the chronwsome aberration stiidy in Fj 

individuals, 

The study of the bone marrow chromosome aberration 

in 4 ^2 a<3vdts of 3 month old of 2nd xjeek treated line 

yielded the frequency of 37,5% against 7,6% in the control 

line. Similarly in the 4 Fg individuals of the 4th week 

treated line the average aberration frequency was 35*75% 

against 8,5% in the control line which indicated that the 

living implants carried the mutagenic factor transmitted 

from the P- 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 vreelc mating yielded in 

spermatogonial metaphase 46,34% aberration against 11.80% 

in the control and in the 2 male individuals of 4th week 

treated line and 3 individuals of control line, the average 

frequency was 57,7% against 14,59%. In dlakinesls 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 13^0% in the treated line 

against 7,66% of 2nd week control line and in the 4th week 

it 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* Oherefore, 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 F̂^ to Pg generation. 

% e 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 nean frequency was 17.28 in the treated 

line against 23,06 in the control line indicating some 

amount of sperm depletion in 4th week treated line. 

Uie study of the frequency of sperm with abnormal 

head morphology was foiand to be much hic^er 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 Fg generation which 

caused the higher frequency of sperm with abnormal head 

morphology in treated line.' 

The histological study of the testis and ovary of 

the Fg 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 F- generation. 

!Ihe results of the different studies of parental, 

F- and Fg generation have been 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 Fg generation assessed at present* 
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Ihe teratogenic effect was presented specially in 

Chapter IV, It v/as planned to study affect by injecting 

the females with log cult\ire of Pseudomonas after normal 

mating and showing signs of pregnancy by the appearance of 

the vaginal plug against control» The log.«cultxire 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 5 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 sign of implantation examined on 15th day after 

injection, %is has been assumed to be due to the effect 

of the bacterial cultvire 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, Theae 3 en̂ Uiyos some way or the 

other were defoirmed for the enlarged brain and loss of digit 

in the fore-limbs* therefore, it was assumed that the 

teratogenic effect v;as high but the limitation of the data 

did not allow us to make any positive claim* 
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