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Summa ry. The influence of orally applied aqueous solutions of lead and zinc as well 
as its combinations on the occurrence of chromosome aberrations in the rat has been stu­
died. A cytogenetic analysis was performed on the bone marrow ceils multiplied as a re­
sult of the initial culture. A routine test of chromosome aberrations and SCE test were 
used. The .action of lead present in the solution on chromosomes was expressed by the 
induction of a strong chromatin erosion and by chromosome pulverization. The presence 
of zinc in aqueous solution first of all induced structural chromosome aberrations, par­
ticularly chromatid gaps. The .frequency of fragments exchange befcweensister chromatids 
also significantly increased. The application of aqueous solution containing zinc after 6- 
-week treatment of animals with solution with lead significantly reduced a genotoxic lead 
effect. Biological aspects of the obtained results are presented.
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T.end is a protoplastic poison, ■ which, easily forms complexes with amine and 
carboxyl groups leading tp enzyme inactivation and disturbance of structural 
protein functions in the cell' (Dutkiewicz 1974). An effect of its action are dis­
turbances in different systems, snob as: central nervous system (Kitte.l 1983), 
alimentary tract system (Szewezrkowski 1957), kidneys and cardiovascular 
system (Kittel 1983) and erythrocyte system, where special affinity to bone 
marrow was displayed by lead (Gawlicka 1980),

Workers of refinery, .electrotechnical, textile, gum industries, graphical plants, 
non-ferrous metalurgy, as well as drivers are occupationally exposed the most 
to a toxic action of lead.

Zinc is a trace element necessary for normal development of plants, animals 
and people. It enters into the composition of polymerase of DNA and RNA as well
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as thymidine Irinase (Byezkowska 1962). It has been found that zinc has a pro- ;
tective action in relation to toxic effects induced by lead in erythrocytes (Ejnelli 
etal. 1975, Cerklewski 1976, Papaioannon etal. 1978, Abdulla 1980, Flana­
gan et al. 1982, -Cerklewski 1984, Chiba, Kikuehi 1984, Chiba, Kikuchi I
1985). Lead inhibits a number of enzymes of heme biosynthesis, including de- f
hydratase of delta-aminolevulinic acid (ALA-D), whereas treatment with zinc f
caries restoration of that enzyme under in vivo and in vitro conditions. Ruither 
et al. (1977) displayed that a toxic effect of lead chlorate on macrophages in mice I
in vitro is smaller in the presence of zinc ions. s'' j

The present paper contains results of the studies on the effect of lead and zinc 
on the occurrence of chromosome pathology in the rat in vivo.

MATERIAL AND METHODS

The studies were carried out pn rat males and females of the race Wistar with the 
weight about 200 g, -

The animals were randomly divided into 5 diagnostic groups, separately among 
males and among females. ]
Dosage; 1

Croup 1 — Pb, 500 ppm for 6 weeks in the form, of lead acetate in drinking f
water, |

Group 2 — Zn, 240 ppm for 14 days in the form of zano chlprate, J
Group 3 — Pb+Zn, Pb 500 ppm for 6 weeks, then zinc 240 ppm for 14 days,
Group 4 — Pb+H20, Pb 5.00 ppm for .6 weeks, than water for 14 days.
Group 5 — water control — the animals had only water throughout the f

-experiment.
Each group consisted of 4 animals;— 2 males and 2 females. Twenty four hours 

after the last dose, the animals were anaesthetized by ethyl eter and material was 
taken for studies. j

A cytogenetic analysis was performed on the basis of cultured hone marrow f

cells. In each case, there Were 2 versions of culture — routine and with the addition i
of 5-bromode.oxyuxicline of (BrdU) for the analysis of induction of sister chromatid 
exchanges (SCE). The cultures were conducted on the nutrient medium consisting 
of Eagle’s fluid, bovine serum and antibiotics (all manufactured in Poland). It |
has been found that the optimal time of culture is .2.8 - 31 hours. It makes possible -
to obtain cells after 2 replication cycles, which is important- for sister chromatid s
differentiation, as well as a sufficient accumulation of cells. Colcemid (Serva) was i
added 30 minutes before the planned end of culture, Golcemid in the amount of ?
0.2 ml was added at the concentration of 10 pg/ml to the culture having the volume of 
10 ml. .

Cytogenetic preparations were made according to the traditional method using 
0.075 M EC1 as hypotonic fluid as well as Carney’s solution (methanol and ice-cold 
acetic acid 3 :1) as a fixator. ?
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Tlie culture with BrdTJ ;was supplemented with 0.1 ml of that compound per 10 
ml of the nutrient medium (0.2% was a working concentration of Brd IJ). The techni­
que of Perry and Wolff (1974) was employed to obtain differentiation in the sister 
chromatid dyeing.

In the preparations from rbntine cultures SO random metaphase plates in the 
field of vision were analysed in each case. In the ease of SCE shiftings of chromosome 
fragments were counted in ail encountered metaphases with differentiated sister 
chromatids. The number of SCEawas counted per 1 metaphase plate and per 1 chro­
mosome for each studied group.

A statistic analysis of the results was performed by the ^-Student’s test (test for ■ ''' 
two means from small samples).

RESULTS

Gr oup 1. (Pb .500 ppm). The most frequently encountered abnormality was the 
pattern of chromosome contour broadening with a simultaneous chromatin washing 
(that chromatin formed sheaths round the chromosomes and entire metaphases). 
The chromosomes showed weak stainability.

In many cells that effect began from the middle of a metaphase plate causing 
uneven intensive chromosome staining within it (Pigs 1 and 2). The degree of erosion 
was different in individual metaphases,. In cases, where contour broadening was 
smaller, aberrations of the chromatid and chromosome type with the presence of 
acentric fragments was observed.

Chromatic erosion occurred in 53.5% of cells. Besides that, 35% of cells displayed 
the state of. a still stronger destruction consisting in chromosome pulverization.
In some metaphases that was a complete degradation, whereas in others it was par­
tial (Pig. 3 end 4); As compared to the control these results were statistically signi­
ficant, Chromosome aberrations were few and in relation to the control were statis­
tically insignificant.

Group 2. (Zn 240 ppm). Tbe observed effects of zinc action are first of all structural 
aberrations of chromosomes (chromatid and chromosome gaps and breaks). A num­
ber of metaphases dipslayed simultaneously all tbe mentioned types of aberrations, 
and for that reason tbe number of these abnormalities was given per I metaphase 
plate. Tbe aberration level multiply exceeded not only the control values, but ..also 
those detected in the remaining studied groups.

The mosjfc numerous were chromatid gaps. They were observed in .148 out of 200 
analysed cells, which constitute 0.74 gaps per cell, while the control value was 0,5 
gap/eel1. Statistic calculations in that case showed the largest significance level 
among all tbe observed changes in individual groups.

Chromatid and chromosome breaks Were 0.42 .and 0-21 per cell, respectively, and 
were also statistically significant in relation to the control.

Treatment with zinc in the amount of 240 ppm did not cause chromosome pul­
verization, and the frequency of chromatin erosion was similar to that of the control 
and statistically nonsignificant.

fS] The effect of orally applied aqueous solutions of lead and zinc .1.83
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Group B. (Pb 500 ppm, Zn 240 ppm). Lead intake for 6 weeka followed by zinc in­
take for 2 weeks, cause erosion and chromosome pulverization in similarproportions — 
44% and 38% of cells, respective^. These values were statistically significant.

It was found that in this group the degree of the chromosome contour broadening 
decreased, which markedly improved the quality of metaphase plates in comparison 
to group 1 (56 out of 88 cells with erosion displayed a lower degree of injuries).

The frequency of structural chromosome aberrations was statistically insigni­
ficant to the control.

Table 1. GhromQaonaj.1 Aberrations in rat bene marrow cells after she treatment with Pb and Zn

Treatment .
No. of 

animalB

Tfq. of 
cells

analysed

Changes observed

erosion pulverisation
otoomatid

gaps

chromatid,
breaks

chromosome
bxeaks

. no. % no. . % no. per ceil no. per cell no,: | per cel!

Pb ■ .4 2QQ 107 53.5 70 35.0 6 0.03 6 0.03 4
. .
0.02

Zn 4 200 (35) 17.5 ■ - .148 0.74 .85. 0.42 42 0.21

88 : 44.0
Pb+Zn 4 200 (56)* (28) 76 38.0 5 0.025 5 ,0.025 i 0,005

178 mo
Pb+H.O .4 200 (69) (34.5) 17 8.5 1 0,005 - - 2 0.01

HtO 4 200 (38) (19.0) - 9 0.05 4 ■ 0.08 7 ■ 0.035

* The bracketed numbers ehorv a frequency of cells with a little erosion

,¥
;j Table 2. Sister chromatid exchanges in the rat bone marrow cells after

1 the treatment with Pb and Zn

Treatment ;
:Ko. of 
animals

Total
cell

scored

Number of SCE

chromo­
somes

SCE.
per

chromosome'
per .cell

Pb ' j 4 34 ' 1428' 123 0.087 ;3.01
Zn 4 58 .2436 285 0.116 4.91

Pb+2n 4 85 3570 360 0.111 4.24
Pb+fi.O 4 40 • 1680 .147 0.087 3.67

H,0 - 4 100 4200 .340 0.081 3.40

The number of chromosomes was obtained hr multiplying the total cell scored by 42, 
i.e. the number of chromosomes In diploid rat cells.

Group 4. (Pb 500 ppm, H20). The percentage of cells with erosion in that group was 
extremely high and statistically significant (178 cells ont of 200 analysed ones). It, 
should, however, be emphasized that the percentage of chromatin destruction in 
many cells was clearly smaller than that observed in group .1 (in 69 put of 178 cells 
with erosion the" chromosomes preserved their shape with a slight chromatin washing 
making possible a cytogenetic analysis). Pulverization and fragmentation was re­
vealed only in 3.5% of the cells, but that result was statisticafiy significant.

An analysis of induction of the sister chromatid exchanges in the studied material 
showed a statistically significant difference in ihel>GEs number/eell between ail the 
experimental groups and the control group. The largest significance was revealed
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Fig. 3. A residue of a metaphase plate, in.-which the largest portion of chromosomes underwent
pulverization (Pb 500 ppm, 6 weeks)
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Jig. 4. A metaphase plate, completely pulverized {Pb 500 ppm, 6 weeks!
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Pig. IS. A metaphase plate with sister chromatid differentiation (SOE test) in the case of lead 
and fcinc action (Pb 500 ppm, 6 weeks and Zn 240 ppm, 14 days)
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in the groups -with zinc (groups 2 and 3). The number qf SCBs/eell in these groups was 
4.91 (Zffi) and 4.24 (Fb-f-Zn), while the control frequency was 3*40 SCEs/eell (Fig- 5) 
(Tables 1,2). Results obtalnedte male andfemale rats were similar.

DISCUSSION

An analysis of results of the studies on lead and zinc effect upon rat chromosomes'' 
has revealed .certain abnormalities. An undoubtedly characteristic effect of lead ac­
tion at the rate of 50,0 ppm for 6 weeks is washing of chromosome chromatin and in 
part of the cells — a more advanced destruction in the form of chromosome pulve­
rization.

The cytogenetic analysis in the present paper Was carried ont on the hone marrow 
cells. As it is well-known, lead displayes the largest affinity to marrow (Qawlieka 
1980). The lead level in the marrow exceeds 50-fold the content of this metal in blood. 
H the lead concentration in blood is 7.0 - 130 pg/100 ml that in bone marrow attains 
4200 - 9200 gg/100 g of tissue (Dutkiewicz 1974, Gawlicka 1980). Ibis undoub­
tedly affects the processes taking place in marrow, including also the state of genetic 
information and the rate and regularity of cell divisions.

Reports of the literature are focused mainly on cytogenetic studies among people 
occupationally exposed to the action of increased lead doses (Schwanitz et al. 
1970, Forni, Seeehi 1972, Schwanitz et al. 1975, Forni et aL 1976, Forni 1980, 
Forni et al, 1980). The material for these studies consisted of peripheral blood, i.e. 
of uneompaEable tissue with regard to affinity to lead cumulation. The authors of 
these studies have revealed an evident increase in the frequency of structural aber­
rations of the chromatid type. Schwanitz et al. (1970) additionally observed spi- 
ralization. defects and chromosome pulverization. Other authors did not confirm the 
occurrence of chromosome aberrations with regard to lead in industrial exposition 
(Baucbinger et al, 1972, O’Riordan, E vans 1974).

The present studies have shown that lead does not cause significantly increased 
frequencies of structural chromosome aberrations. An explanation of that may be 
the fact that the metaphases had strongly broadened contours and tjjs chromosomes 
were little stateable, due to which they were insufficiently “readable” for a cyto­
genetic analysis. As a matter of fact, more breaks were observed te the eases, where 
erosion was weak, which permitted to esfcimatethe ehepmosome structure. Therefore, 
the ability of lead to Induce chromatid and chromosome breaks in the bone marrow 
cells cannot be completely negated. Improvement of the metaphase plates quality 
after putting away lead and application of 1.4-day water break (Pb+H20) indicates 
that changes induced by lead do not inhibit cell ability to regeneration and may be 
reversed to a certain extent.

A significant increase te the frequency of structural chromosome aberrations te 
blood lymphocytes under the effect of lead was revealed by Deknudt «t al. (1977)

S Genetics Polordca 2/88
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in a long-lasting experiment on monkeys in vivo, whereas a slightly increased Ievel.of 
chromosome fragments was detected: in human lymphocytes cultured, in .vitro in the 
presence of subtoxie doses of salts of different heavy metals including also lead ace­
tate (Deknudt, Demi.natti 1978),

The first experimental work, which paid attention to a. possibility of mutagenic 
action of lead in vivo was a publication by Mur o and G-oyer (1969). Mice orally got 
1% of lead acetate in food. In the marrow cells there occurred a significant increase 
of chromosome gaps and breaks." Of interest is the interpretation of chromosome aber­
ration. induction by lead contained in the work of the mentioned authors. They suggest 
that lead may act on repair mechanisms of cell by exerting a negative effect on ATP 
and protein synthesis or may activate a numb erofenzym.es, particularly 3DNA-s.se, 
which causes damage to the genetic material.

In our studies a special ability to induce chromosome aberrations was displayed 
by zinc. These were the only significant effects of that metal action. A similar con­
clusion follows from the work by Ei chhorn et al. (1973), who found that zinc forms 
stable combinations with various DMA groups, causing structural changes. This is 
important for normal functioning of nucleic acids.

Zinc fed to absorb lead caused, a'marked weakening of a toxic effect of that metal. 
The number of regular metaphases increased, and most of the metaphaseshad a week 
erosion. This corresponds to reports from the literature. It is considered that the 
most sensitive index of lead poisoning i3 a decrease in dehydrogenase activity of del­
ta-aminolevulinic add (ALA-D) in erythrocytes (Chiba, Kikuchi 1985). In the 
experiments on rats it was shown that lead inhibits 80 - 90% of that enzyme acti­
vity (Millar et al. 1970). An increase of zinc dose (above the required level) causes 
a marked reduction in lead absorption, which affects the lead level decrease in tissues 
and weakening of biochemical, effects (Cerkle wski, Ferbes 1976). Zinc feeding .after 
a 3-week treatment of rats with lead intensified lead discharge from erythrocytes. 
The speed of discharge increases proportionally to the zinc rate increase (Cerklewski 
1984). The activity of ALA-D in Mood, strongly decreased by lead action (200 ppm 
for 2 weeks), comes back to the control level more rapidly in animals feeding larger 
zinc doses. Asimilar action of zinc under in vitro conditions was displayed by Finelli 
et al. 19,75. The same conclusion was made by Chib a and Kikuchi (1984) for zinc 
and manganese action in vitro in. relation to toxic lead and tin effects in human, 
mouse and rabbit blood.

Our studies show agreement with such suggestions and extend hypotheses about 
protective action of zinc with reference to a harmful action of lead On the state of 
genetic information. That may be related with the suggested participation of zinc 
in functioning of DMA and DMA. polymerases (Byczkowska 1962) and in conse­
quence with intensification ..of repair processes in cells.

The analysis of SCE induction was very difficult, especially in group 1, where 
a large percentage of injuries by erosion metaphases Was noted. For that reason the 
number of analysed cells in that group is small. Troubles of a technical nature appe­
ared also in other experimental groups due to the occurrence of chromatin erosion,
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sister chromatids. ;.
Differences in the SCB ntunber/cell as compared to the control were the largest 

in the case of action of zinc and zinc with lead. The presence of zinc, therefore, in­
creased SCE induction. In the remaining studied groups deviations from the control 
levels were smaller, but all of them were statistically significant. A negative re­
sult of the SCE test was obtained by Beek and Obe (1975) in human lymphocytes 
after the action of lead acetate 10-SM. , '

Unfortunately, the authors found the lack of mutagenic activity of lead salt, 
but stressed its highly harmful effect on developing fetus. Injuries may concern all 
the stages of organogenesis (Leonard et al. 1984). , •

Summing up the results in the present paper, it should be inferred that lead and 
zinc are metals with a high genotoxic activity in vivo, but interaction of zinc and 
lead weakens effects of lead action. Such a relation has not been found in the level 
of sister chromatid exchange induction.
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WPtYW PODAWAHEGO DOUSTHIE OLOWITJ I GY.NKV W ROZTWGRZE WQDIJYM 
h a  P0W3TAWAHIE ABERRACJICHROMOSOMOWYCH ORAZINDUKCJE WYMIAITY 

■ CHROMATYD SIOSTRZAHYCH V SZCZTJRA {HATTUS so.)

Streszczenie

Badano wplyw podawanego dousfcnie olowiu, cynku oraz kombinaeji fcyeh metali w rpz- 
tworze wodnym na powstawanis abeiracji ehronsosomowych u szezura. Analizg eytogenetyczna 
przeprowadzono na komdrkaeh szpilcn kosfcnego nanmozonyeh w wyniku hodowli piarwotnej. 
Zaetosowano mtynowy test analizy aberraeji ehromosomowych oraz test SCE. ^

Dzialanie olowiu w roztworzo przejawialo si? wywolywaniem silnej erozji ohroxnatyny oraz 
pulweryzacji chromosomfiw. Obecnosd cynku wroztwnrze wywolywala przede wszystkiin abeira* 

i • eje struktuxalne chromosomdw, szczegdlnie przerwy chromatydowe. Znamiemds zwipkszala si? 
j tez cz§sto£c -wymiany' odcmkdw miijdzy chromatydami siostrzanymi. Podawaaie roztfroru
! zawierajaoego cynk po uprzednim podawaniu zwierz^tom roztwoni z olowiem wyraznie zmniej-

Szalo genotoksyezny efekfc olowiu, Przedatawiono aspekfcy biologiczne uzyskanych wynikdspj;
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JSJWmm HEPOPAJ1BHO IIOAABAEMKDC BOj(HHX PACTBOPOB CBHHIJA H IIHHKA 
HA 0BPA3OBAHKE XPQMOeGMHMX ASEPPAHHit H HHffyKHJffO CECTPHHCKOrO 

XPOMATHffHOrO OBMEHA Y KPBIC {BATTT3S sp.)

Pe3WMe

HccaeftoBaiioci bo h s h h c nepopantHo noflafiaewwx eo h h ebc pactEOpoB CBumia, BEHza, a “raiws 
.KOMduHanua CBHHtta c u h h r o m sa ofipasoBaiiae xpOMocoMBBtx a6eppanHk y Kptic. IRcroreneraaecKHS 
aaajiHa npoBojcraca na Knencax KpcTHoro Moara, paBMnoaceHHMx b peayni/raTe nepawHoro pa3BegeHHjr. 
IIpaMeHeH pytHHHHfi: TecT aHaarna xpoMOCOMBiix adeppapak, a xaEKe Teer SCE (cecTpzKCKHk xpoMa- 
raa£M& o Gmc h ),

Heacrsze CBHEtua, naxonirtnsrpca b bo h h o m pacxBope, npotfajumocb b  cHUtfioSapoBHA xpoMaxHaa 

h  b  0ym,BepH3aHHH xpoMpcoM. XIh ek , HaxopamHfica b  pacTBope, BBiSbiBannpttKne Bcero ctpyKxypani.Htie 

aSepapHH xpoMocoM, oc.a6err.HO xpoMaTHHHsxe paspUBti, a TaKBce 3Ha<mTeni,Ho nOBtaman aacroTy eSwceHa 

4>pameirroB Me*ay cecrpuHCKHMii xpoMaxHkaMH. IIoHaaa BOHHoro pacraopa nHHxa noons npegaapa- 

TeatHoro 6-Hen«n>Horo nepopansHoro BBeneaaa k u bo t h bim CBHHna, Tax3ce b  bo ah o m paciBope, eymecr- 

bbh h o yMsnhmma. reHOTOKCHnecKHk 3#$sicr CBHHta.a,

ITpenoTaBjieHH 6HOJjori«ecxHe acnesTtt nonyseHHBK ,pe3yin>TaTOa.
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