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Abstract

In present work, genotoxicological effects of chemical pollution of an
industrial region, on species of genus Apodemus (Rodentia, Mamumalia ), werc
studicd. The two species, were A.flavicolis and A.agranus. In this study
chromosomal aberrations of bone marrow cells were analysed and were conpared!
according to sex and different species in polluted and unpolluted (oot
arcas. Results showed that frequencies of chromosomal aberrations, ol
breaks, between two groups were statistically significant (P<0.005); and al.
sensitivity of two sexes and two species against chemical pollutant, were nol
significant.

Introduction

Historically, geneticists tried to investigate the mutagenic effects ol
lonizing radiations before the effects of chemicals,

We are daily exposed to literally hundreds of chemical agents in perbiaps
staggering nuros of combinations via the air, water and food, by skin contact,
medication, in mdustrial and indoor environments and lifestyle.
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Hundreds of investigators, worked on genotoxic effects of chemicals o

1
different orgamisms (13,17,18,19,20,24), also, numerous investigators worked on
the effects of pollutants on ecosystems (4,7),

There are several ways to study genetic hazards of chemical pullotion and
evaluate ils genotoxicity on man. One of the usual ways, is 1o study its elfects
on animals, especially rodents. The genus which was used in present study was wood
mice, "Apodemus”. Sensitivity potential aginst environmental chemical pullotants
among two species of genus Apodemus, A.flavicolis and A agramus, were also
studied i this work. .

Present work will determine and compare sensitivitiy of these two species
apainst chemical pollution and will ry to look in this view to find another
reason for wider spread of A.flavicollis than A.agrarfus. This study showed that
the chemical pollution of environment cause chromosomal aberration. Also it
seemed that there 15 no difference between sensitivity of Apodemus agrarivs and
A dlavicollis against chemical pollution. How about the Man? Is he more
sensitive than these small mammals or not? The future works will answer this very

important question and also will search the danger of the chemical hazards to the

" gene pool of man".

Materials and methods

Pancevo (Panchevo), and Jastrebac (Yastrebats), were selected as research
fields, in which we collected our subjects. The first one, is an old industrial
zone very close to Belgrade (capital city of Yugoslavia), and the Jastrebac, is
an non industrial area near Belgrade. Both areas have rather the same
chmatological and geographical features. Based on the data that were avilable
in the Department of Climatology | the mean values of concentrations of most
important pollutants of Pancevo were more than standard values.

In October 1992, Longworth live-wraps, baited with sardin were used 1o
caplure rodents, The studies were carried out in two study areas, and Pancevo as
polluted area (P) Jastrebac, as an unpolluted, control area (£}, In cach arca, the

traps were placed for three days and were examined every morning (8:30 AM)
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to collect live animals, and rebatting. The captured animals were individually
marked by putting them in separate cages. Animals other than Apodenus, 1f
captured , were not analysed in present work. The procedure of chromosom:
analysis were done using standard technique.

FMetaphase analysis were carried out only by one person, and then checked
the aberrations by another person. The metaphases that were shown as
morphologicall: s21l defined, as well as being without superposed chromosomes,
were selected for the analysis. At the first step fifty metaphases from each
animal were analyzed and registered as normal or as displaying chromosome
aberrations. Aberrations considered were chromatid and chromosome breaks, paps,
acentric fragments, centric fusion, rings and ete, ldentification ol aberration
was based upon ISCN (11,21,22).

The statistical analysis was based on: i. "Gap per cell” |, i "Break po
cell”, ii."Other aberrations per cell”, iv. "no. of abr. with Gap", v. "no. ui
abr. without Gap", vi. "frequency of cells with abr. + Gap", vii. "frequency of
cells with abr. - Gap". All groups were compared with cach other, according 1o
these seven factors. The significance of differences between samples, was tested
by wsing i-test. The steps of analyses were as follow:

I st step: males and females were compared, among each group, separately:

(a). If there was no significant differcnce between two sexes, should pool their
data and go to the next step; and (b). if there were sig. differences, should go
to the next step for each sex, separately.

2nd step: In 2nd step, different groups were compared with cach other.

If significent differences were not observed between F1 and PII in one hand, and
1 and CII in the other hand, should go to the next step.

3rd step: P1+ PH x CI + CII, Animals collected from Panchevo, were compared with

Animals collected from Jastrebac.
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Results )

Table 1, shows the animal groups and their codes, according to different
collecting arcas,

Table 2, shows the number of cells thal scored and number of their
chromosomal aberrations, according to the species and sex of the animals which
captured in Panchevo (polluted arca), and Jastrebac (unpolluted area). Because
the frequencies of the aberrations such as translocations, rings, dicentric
fragments, etc. were low, they were pooled and presented as "others".

Table 3 | shows results obtained in different stages of all three steps
of statistical analyses.

Discussion

The eytogenetic monitoring of wild rodent has been used as a method to
evaluated the possible clastogenic effect of chemical environmental pollutants
produced by ndustrial factories. This type of approach-cytogenetic momtoring
of natural populations - though complex, may provide more information on
clastogenic effects on a given environment than isolated in vivo analysis

laboratory 1n vitro ones using rodent strains bred for this finalitt (6).

, or

The realisation that certain man-made chemicals and some naturally
occurming agents in the man's environment induce cancer, has provided impetus to
the genetic toxicology (loxicogenetics). Evaluation of safety of therapeutic
agents employing somatic and meiotic cells of mammals has some significance in
human health nsk assessment {2). Mulagenecily 15 considered as an accepted
txicological parameter for such analyses (3), Bone marrow chromosomal study has
been recommended as an ideal protocol among the available cylogenetic assays o
screen potential mutagenic effects of environmental agents (16,14). In our study
arcas human were living as well as rodents. Therefor, it deserves to elucidate
whether chemical pollutants in industrial areas are able to produce chromusomal
aberrations in human.

The real significant dilferences between exposed groups (Pl & PI1) and
control groups (C1 & CIT), sre due o breaks and other abermations but aot o gap.
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The significance of gaps as an expression of genetic damage 15 nol yui luis
understood (2,10). Counted them separatly but not included i the categones ol
true aberrations. However gaps and fragments as "light” aberrations in munkey
lymphocyte chromosome analysis was recorded (8).

Some works on human lymphoeyte chromosomes (23), showed the gaps bul nul
regarded them as aberrations, but others (15) in their studies accounted them as
indicators of genotoxic potential of reference compounds; while in o work
although frequencies of gaps in Pl and CI as well P11 and CTT were dilforont o
were not statistically significant

In this study sensitivity of two species were nob sipndico b
different, but the two sets of data showed a mild difference, It is konown il
different species, or even strains, submitted in a given way to the sam: by
quantity, and concentration of a clastogenic agent may react differently . s
their metabolism differs (1,5,12). In a natural population, it is generally
known if all species are being submitted to the same pollutants, in the same
quantity, and/or in the same way, and what quantity of these substances anbor
their metaba’“=s reach the animal's bone marrow. It can only be nformud il
these species are reacting differently to environmental impact. For ths type of
study . these observations stress the importance of undertaking intraspuecifc
COMPArISunS.

In a similar study in south Brazil (6) the researchers noted that "hndwe

organisms in a given environment had present a greater pumber of mieroscogne i

detectable mutations may point to mutagenic agents provokmg such allveatoe
incfficient repair mechanisms, affected cells not bemng cluminaed, el
increasing genelic load for the population , since orgatisms carroiny e

alterations are surviving. The damage described here might nonthuless b
fraction of the total damage. Other cells andfor organisms curyie
which died as a consequence, will not be detected .

The results which are summarized in table 3, shows chronic treatmend ol
industrial chemical pollutants, in our research area, induce somatic chinmonoi

. i 5 i o 1 ITEN] [l
anvmalics in both species ul‘gunus Apinilers, that we examined Alse the ool
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shows

that in our work , there are no significant differences between

sensilivity of males and females of both species,

The increased frequencey of chromosomal aberrations, for total cell

nucnber containing chromosome aberrations as well as for total analyzed

chromosomes, found in polluted animals can be interpreted as onc of the effects

of the environmental pollutants to which the animals are exposed,

The recent concern for chemically induced mutations and the development

of practical methods for determining mutagenic aclivily, accents the need for a

close alliance between the diverse science of toxicology and genetics. The

problem of selection of hybnd or inbred strains of experimental animals, the

wierpretation of results from reproductive, carcinogenecity, or leratology

studies surely requires the expert knowledge of both toxicologists and

genclicists, and their cooperative participation is long overdue,

Not only should geneticists become actively involved in the development

of screeming and determining safety festing protocols, but a decided effort

should be made tw insure their participation in expert committees concerning

policy,  proetocol,

or vital

of environmental agents,
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Table 1- Animal groups and their codes, according to different collecting areas

RETOUPS SpeCies collecting areas i

[ code AT stinaluen i

1 Pl A flavicolis Pancevo polluted Il
It Pl A agrarieg Pancevo poliuted |i
n ] AMavicalis Jastrebac unpolluted ||
13 1 A.ngrarius Jastrebac unpelluted ||

Table 2- Mumber of cells that scored and their chromosemal aberrations, according o

the species and sex of the animals which captured in two research areas.

cailes species BEX na.of no. of cells with no. of cells with
cells
seord Ciaps Brenks | Chhers | ABS+G | AHS-G
Bl Aflavicalis Tatal 1384 34 37 &5 13t 12 .
hale 565 12 14 22 50 38
Female B9 12 2l 43 B i
FII Aagranius Total 1689 36 52 71 159 123
Male 1014 16 i3 43 @ M
Female | 675 20 1y 2% 7 W
] A flavicolis Toenl 932 15 [ 11 ;
Mule 519 & 4 5 3 e 7] I
Female 413 @ 2 & 7 H I
ol A agroTius I Total 550 4 11 § '.!;IM (O
' Male 150 3 g b 1t [
i Female Rl 1 3 G 4 i

ABS HA, stands for ioial of different types of chromosomal aberrations plus gaps.
AHS-0, stands for total of different types of chromosomal aberrations minus gape
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Table 3- Summary of results obtained o different steps.
sleps stapes X1 X2 X3 X4 X3 X X7
Firat PI, » FI, - - - - - -
' PII_ % PI, : g : A : E
. Clx O, : : Z : : L
5 CoL, x Ol : : o . £
Second Pl x C1 - ' { ¥ | b
" Pl x T 1 4 ot + + + +
i PLx PII . . . . . . .
" CTx - - - = - - =
Thurd P1+PI & €71+(0T . i T + 4 1 i
o ono significant difference, + 0 sipmificant difference, 0 ¢ t-test was not

possihle

X1 Giap per cell= Mo, of Gaps/No. of cells scored

X2 Mreak poer cell= Noo of Breaks/™o. of cells scored

X1 Other abr. per cell= Mo, of other abr. MNo, of cells scored

Xd. Moo of abr, with gap= Mo, of GapsiNo. of Breaksino of Other abr.

X5 Moo of abr. without gap- No, of Breaks+No. of Other abr.

X Frequency of cells with abrtGap (No, of cells with GaptNao, of cells with
Break Mo, of cells with Other abr Mo, of cells scored,

X7: Frequency of cells with abr.-Gap={Mo. of cells with Break +Mo. of cells with
Oither abr WMo of cells scored.

Study oo
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