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‘Summary. The influence of orally applied aqueous solutions of lead and zine as well
as its combinations on the oecurrenes of chromosorhe aberrations in the rat has been stu-
died. A eytogenetic ana]ysis was pex-formed on the bone marrow cells multiplied as & re-
sult of the iilibml culture. A routine test of chromosome aberrations and SCE test wore
used. The action of lead present in the solution on chromosomes was expressed by the
induction: of a strong chromaiin erosion and by chromosoms pulverization. The presence
of zing¢ in aqueous solution firsk of all induced strixctural chromosome sberrations, par-
tiularly chromatid gaps. The frequency of fragments exchange between sister chromatids
also significantly incressed. The application of agueoys solution containing zinc after 6-
-week treatinent of animals with solution with lead significantly reduced a genotox:.c lead
effect. Biological aspects of the obtained results are presented.

Lead is a protoplastic poison, which easily forms complexes with amine and
b earboxyl groups leading to enzyme inactivation and disturbance of structural
protein functions in the cell’ (Dutkiewicz 1974). An effect of ifs action are dis-
: - : turbances in different systems, snch as: central nervous system (Kittel 1983),
P . alimentary tract system (Szewezykowski 1957), kidneys and eardiovaseular
A ' system (Kittel 1983) and erythrocyte system, where special affinity to bone
marrow was displayed by lead (Gawlicka 1980). |

Workers of rafinery, electrotechnicsl, textile, gam industries, graphical plants,
non-ferrous metalurgy, as well as drivers are cecupationally expoesed 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 BNA as well
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as thymldme kinase (Byczkowska 1962). It has heen found tha.t zine has a Pro-
tective action in relation to toxic effects induced by lead in erythroeytes. (Finelli
et al. 1875, CerLlewsLx 1978, Papaloannou ehal. 1978, Abdulla 1980, Plana-
gan et al. 1982, Cerklewski 1984, Chiba, Kikuchi 1984, Chiba, Kikuchi
1985), Lead mlnbl{;s & number of enzymes of heme biosynthesis; including de-

Yra ~amir id (ALA-D), whereas treatment with zine
n vivo andin vitro conditions. Ruither
of lead chlorate on mactophages in mice
ne lons. o
the studies on the effect of lead and zine
in the rat in vivo.

MATERTIAL AND METHODS

‘The studies were carried ouf on rat males and females of the race Wistar with the .
weight about 200g. . i
The animals were randomly divided into 5 diagnostic groups, sepamtaly among
qales and among females.
Dosage:

Group 1 — Pb, 500°ppm for 6 weeks in the form of lead acetate in drinking

water,

Group 2 — Zn, 240 ppm for 14 days in the form of zine chlorate,

Group 3 — Pb--Zn, Pb 500 ppm for b6 weeks, then zine 240 ppm for 14 days,

Group 4 — Pb+H,0, Pb 500 ppm for 6 weeks, than water for 14 days,

Group 5 — water control — the animals had cnly water throughout the

-experiment.

Each group consisted of 4 animals — 2 males and 2 females, Twenty four hounrs
after the last dose, the animals were anaesthetized by ethyl eter and material was
taken for studies.

A cytogenetic analysis was performed on the basis of cultured bone marrow
cells. In each case, there were 2 versions .of ¢ulture — routine and with the addifion
of 5-bromodeoxyuridine of (BrdU) for the analysis of induction of sister chromatid
exchanges (SCE). The culbures were conducted on the nutrient medium consising
of Rugle’s fiuid, bovine serum and antibiotics (all manufactured in Poland). It
has been found that the optimal $ime of culture is 28 - 31 hours. It makes possible
to obtain cells affer 2 replication cycles, which is important. for sister chromatid
differentiation, as well as a sufficient acenmulation of cells. Coleemid (Serva) was
added 30 minutes before the planned end of culture. Colcemid in the amount of

_ 0.2ml was added at the concentration of 10 ug/ml to the culture having the volume of
Jloml L
Cytogenetic preparations were made aecording to the traditional method using

0.075 M. KCl as hypotonic fluid as mell as Carnoy’s solution {(methanol and ice-cold
‘acetm acid 3:1) as a fixator.
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:;?_ : : The culture with BrdUswas supplemented- wxfh 0.1 ml of that compound per 10 :
- ' ml of the nutrient medinm (0.2%, was scworking concentration of Brd U). The techni- ;
. que: of Perry a.nd 'Wolff (1974) was employed $o obﬁam differentiation in the sister
. pg : :
o tions ;&cm routine cultures 50 random metaphase plates in the
gni—‘ ir each (;ase. In the case of SGE shlftmgs of chromosome i
|
dZn Ly s - o
- two means fmm smaH samples) i
= H
E:‘-eg RESULIS ' t
z _ Group 1. (Pb 500 ppm). The most frequently encountered sbnormality was the ' §
a . |- pathern of chromosome confour broadening with a simultaneous chrotuatin washing i
: (that chromatin formed sheaths round the chromosomes and entire metaphases) i

The chromosomes showed weak stainability.

PR In many cells that effect began from the middle of a metaphase plate causing
185 h - uneven intensive chromosome staining within it (Figs 1 and 2). The degree of erosion
was different in individual mebaphases. In cases, where contour broadening was
smaller, aberrations of the chromatid and chromosome fype with the presence of
acentric fragments was abserved.

Chromatin 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 {Fig. 3 and 4). As compared to the confrol these results were statistically signi-
N ficant. Chromosome aberrations were few and in relation to the control wers statis-
i “ } tieally insignificant.

Group 2. (Zn 240 ppm). The 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 the mentioned types of aberrations,
and for that reason the number of these abnormalifies was given per 1 metaphase
ws plate. The aberration level multiply exceeded not only the control values, but also
It; ST those detected in the remaining studied groups. _
: ' The most numerons were chromatid gaps. They were observed in 148 omt of 200

P

]31: : analysed cells, which constitute 0.74 gaps per cell, while the control value was 0.5
ng gapfeell. Stutistio calewlations in that case showed the largest significance level
e among all the observed changes in individual groups.

) Chroma,md and chromosome brealks were 0.42 and 0.21 per cell, respectively, and
al . were also statistically significant in relation to the eontrol.
he Treatment with zine in the amount of 240 ppm did not cause chromosome pul- -
»d . - verization, and the frequency of chromatm erosion was sumlar 1o that of the control

' and statistically nonsignificant.

- ~— =
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Group 3. (Pb 500 ppm, Zn 240 ppm). Lead intake for 6 weeks followed by zine in-
take for 2weeks, canse erosion and echromosome pulverization in similar proportions —
44%; and 38%, of cells respectively. These values were statistically significant.

It was found that in this group the degree of the chromosome confionr broadening
decreased whlch ma,rkedly 1mproved the qnahty of metaplmse plates in companson

ficant to‘ tis control.

Table 1. Chtomoaomal aberrations in rat bons marrow eells after the treatment wn‘h Pband Zn

T )
“Treatment j amii a(mcius:e . 1 erosion | gu!veﬁsation 1 cm;‘;:tfd | cmm v mb::::m
e loof % Jme ] % [ ome |percelli mo. {percell] moy]percell
e 4 | 20 |w7r) sas | 70 | ss0 | s oo | 6] ooz | £ o0
Zn s | w0 len| wms] - | - {18 | om {8 |02 ] a2 {0
P . ] 88 4.0 | ] 3 ’ ] ! 1.
Pb+Za 4 200 | (56)% | (28) 7% 38.0 5 0.025 5 0025 1 | 0.005
BEIE YN | ' o
PorEO | 4 | 200 || @ | w | &5 ] 1 [ o00es| — | - 2 | oot
o | 4 L 200 {@oiasod - | - 1 9|00 | ¢]om| 7{o0ms

* The bracketed numbers show & frequency of cells with-a little erosion

Table 2. Sister chromatid exchenges in the rat bone marrow cells affer
the treatment with Pb and Zn

-

) ?rntal 1 Numhet ot‘ "' o SCB
Treatment | 3::?;“:; el | c.hromo- i SCE kB per- N eell
_ ) ) scorod somes | chromosome | per "
“Pb T4 Ty T 1428 128 | 0087 | 361
Zn . 4 58 2436 285 0118 | 491
Pb4Zo - | 4 85 3570 360 0111 | 424
Pb+H,0 4 40 - 1880 47 ] 0.087 8.67
H,0 - 4‘ _100 1200 | W0 | 0081 | 3840

The punber of chromosomes was obfained by multiplying the total cell scored by 42,
i.e. the number of chromosomes In diploid rat eelis,

Group 4. (Pb 500 ppm, H,0). The percentage of cells with erosion in that gronp was
extremely high and statistically significant (178 cells out of 200 analysed ones). It,
should, however, be emphasized that the percentage of chromatin destruction in
many cells was clearly smaller $han that observed in group 1 {in 69 oub of 178 cells
with erosion the chromosomes preserved their - -shape with a slight ehromatin washing
making possible a cytogenetic analysis). Pulyerization and fragmentation was re-
vealed only in 8.59%, of the cells, but that result was sta,iusfnca]ly significant.

An analysis of induction of the sister chromatid exchanges in the studied material
showed a statistically significant difference in the SCEs number/eell between all the
experimental groups and the control group. The largest significance was revealed

DUP040007577
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. Fig. 1. A metaphase plate with yisible washing of chromesome contours i the -central p&

R (Ph 500 ppm, § weeks]

:‘ .. CLlng

: pin of '. iority of chromo-
Fig. 2. A metaphase plate presenting a strong washing of geatour of tne majority of chrom

somes (Pb 500°pp™h 6 woeks)
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Fig. 5. A metapha.se plate with sister chromatid differentistion (SCE test) in the case of lead
.and zing action (Pb 500 ppm, § weeks and Zn 240 ppm, 14 days)
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ail;i?ﬁ o in the groups with zine-(groups 2and 3). The number of SCEs/cell in these groups was
ooy ‘ . 4.91(Zd) and 4.24 (Pb+-Zn), while the control frequency was 3.40 SCEsfcell (Fig. 5)
: o {Tables 1, 2). Resulls obtained in male and female rats were similar. :
nie ' '
gob
3880 DISCUSSION
ber-
gest L
1 - An analysis of results of the studies on lead and zine effect upon rat chromosomes”
age, " has révealed certain abnormalities. An undoubtedly characteristic effect of lead ac-
tion at the rate of 500 ppm for 6 weeks is washing of chromosome chromatin and in_
yed part of the cells — a more advanced destruction in the form of chromosome pulve-
on- rization,
s The cytogenetic analysis in the present paper was earried out on the bone marrew
gis cells. As it is well-known, lead displayes the largest affinity fo marrow (Gawlicka
1980). The lead level in the marrow exceeds 50v_fold the content of this metal in blood.
tal. If the lead concentration in blood is 70 ~ 130 ug/100 ml that in bone marrow attains
eek foe . 4200 - 9200 pg/100 g of tissue (Dutkiewics 1974, Gawlicka 1980). This undoub-
the D © tedly affects the processes taking place in marrow, including also the state of genetic
Jel- . information and the rate and regularity of cell divisions.
the Rejports of the literature are focused mainly on cytogenetic studies among people
oti- : -+ occupationally exposed fo the action of increased lead doses (Schwanitz et al.
15e8 1970, Forni, Secchi 1972, Schwanitz et al: 1975, Forni et al. 1976, Forni 1980,
ues : Forni et al, 1980). The material for these studies consisted of peripheral blood, i.e.
ter 1 of uncomparable tissue with regard fo aﬁimty 10 lead cumulation. The authors of
tes. e A these studies have revealed an evident increase in the frequency of strietural aber-
ski ©* rations of the chromatid type. Schwanitz et al. (1970) additionally obsétved spi-
pm ralization defects and chromosome pulverization. Other authors did not confirm the
oceurrence of chromosome aberrations with regard to Jead in industrial exposition

ger :
Al _ ' (Bauchinger et al. 1972, 0°Riordan, Evans 1974).
The present studies have shown that lead does not cause significantly increased

mne

am, frequencies of structural chromosome aberrations. An explanation of that may be
the fact that the metaphases had strongly broadened contours and the chromosomes

out were little stainable, due to which they were insufficiently “readable” for a oyto-

’_Df genetic analysis. As a matter of fact, more breaks were observed in the cases, where

inc erosion was‘weak, which perzmtted o estimate the chromosome structure. Therefure,

Se- the ability of lead to induce chromatid and chromosome breaks in the bone marrow

' s " cells cannot be completely negated. Tmprovement of the metaphase plates quality

ere . after putting away lead and appheainon of 14-day water break (Pb-+-H,0) indicates

the - B that changes induced by lead do not inkibit cell ability to regeneration and may be

pe- - reversed to 4 certain extent. ,

n, ’ A significant increase in the frequency of structural chromosome aberrations in
blood Iymphocytes under the effect of lead was revealed by Deknudt ef al. (1977)
§ Genetica Polonica 2/88
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in a long-lasting expenment on monkeys in vivo, whereas a slightly increased level of
chromosome fragments was detected in human lymphocytes ¢ultured in vitro in the
presence of subtoxic doses of salts of different heavy metals including also lead ace-
tate (Deknmdt Demma.ttl 1978),

; ich paid a’utentmn f0 a possxhﬂlty of mutagenic

ts of thats meta.l acbzon A szmxlar con-
_»t al (1973), Who fdund ishat zine forms

&nd most of the meta,phases had a week
o literature. It is considered that the
crease in dehydrogenase activity of del-
¢ ytes (Chlb a, Klkuchl 1985) In the

dose (above the reqmred Ievei} caises
affects the lead level decrease in tissues
Wskl, Fer”bes 1975) chfeedmg a;fter

r,dp.
‘ _Jjaé skron, gly decreased by leaki acﬁmn (200 ppm

miﬂa refe,rence to a h_armful ac.tlon of lead on the state of
; at may be reiated with the 'sug«ested parﬁcipati‘on of zinc

catmn of repalr processes in cells.

‘induction was very difficuls, especlally in group 1, where
uries by erosion metaphases was noted. For that reason the
in that group is small. Troubles of a technical nature appe-
rimental groups due to the occurrence of chromatin erosion,

DUP040007582
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fzine <« ..xy  gndinview of thatall Lhe metaphases covezed"by the a.na.lysm had well-differentiated
wmica- L e gister chromatids.
wreen : - Differences in the SCE number/cell as compa.red to the control were the largest
‘ in the case of a.ctmn of zine and zmc mth Iea,d The pr&eence of zinc, therefore, in-
ssiuo
lead.
sntal
Ltd., 1
.S it efi a,l 1984) . .
?E’;z‘;l : ' esent ‘paper, it should be inferred tha.t lead and
Gino- i zine tivity in vivo, bub interaction of zine and:*
ienti- ‘ " lead we a relation has not Been found in the level
of sister ¢ ' :_
w the
piez-
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WPLYW PODAWANEGO DOUSTNIE OLOWIU' I CYNKU W ROZTWORZE WODNYAL
NA POWSTAWANIE. ABEERACJI GH:ROMOSOMOWYCH ORAZINDUKCIE WYMIANY
CHROMATYD SIOSTRZANY( CH U SZCZURA (RATTUS spy)

Py
€

Streszezenie

Badsno wplyw podawanego doustnie olomu, ¢ynku oraz kambma.cp tych metali w roz-
tworze wodnym ne powstawanis abarracii chromosomowych u szezura. Anglize eytogenetyczng
- przeprowadzono na, komérkach szpiku kﬂstnego'mmnozanyeh w wyniku hodowii piérwobnej.
Zastosowano rutynowy tost analizy aherraeji ehromosomowych ofaz fest SCH. -
Drzialanie olowin W roztworze przejam%o sie wywolywariem silnej erozji chmmatyny omz
pulwemae;x chromosoméw, Obecniodh cynkn W rdzbworse wywolywals przade wizystiimm aberra-
- gje strukturaloe ‘chromosoméw, szezegélnie przarwy chromatydows. Znammnme zmeksza!& sig
i teZ czgstoéé wyrm,any “odéinkéw mxrsdzy ehwmatyﬂs.mx siostrzanymi. Po wame mzt:hroru

szalo genotaksyezny dfekt olowit, Pzzedstamdno asg@kby Imlogxczne Wk&ﬁych wymkéw v

BRYSTHUE IIEPOPANILHO IIO)XABAEMLTX BO}IHBIX PACTBOPOB CBUHIIA u I.IMHBCA
HA OBPA3OBAHUIE XPOMOCOMEBIX ABEPPAITNIL W MHAVKUUIO CECTPHHCKOI‘O
XPOMATHIHOL ] OBMEHA ¥ KPRIC (RATTUS sp.)

Peaome

Viccneiopanoch BIMARAS UEPOPANERO IOMABAEMETX BOMHEIX PACTEOPOB CBEHNE, IFHEA, 4 TAKEe
XomOuHaqwi CBRHIA ¢ MEEROM Ha 06pazosanas XpoMocOMHEX aGeppamnit y kpuic. Lgroreneragecsai
AWAIA3 BPOBOIIC Ha KISTRAX KOCTHOI'D MO3Ia, Pa3sMHOKEHASIX B PC3YILTATE HEPBRTHOTO Pa3BeACHEN.
TIpeMenSy py TANHBIE Tecr a3 XPOMOCOMBEIX abeppauxit, a Taxxe recr SCE (cccrpm;cmﬁ xpoma-
TERENE ofMen)..

Heficrare cBuANA, HAXQONMNErOCK B BOJHOM PACTROPE, DPOABIANOCEH B CHILHCH P03yl XpoMaTHEa
¥ B DYALBEPE3AIHN XPOMOCOM. I.Imnc HaXOAANKAHCA B PACTBOPE, BEIALIRANL OPERNE BEETO CTDYKTYPANLHES
aepaitay XpoMOcoM, OcO0SHHO XPOMATHIEEIS PA3PLIEEI, 3 TAKKE SHATHTENLHO NOBEIIAT YACTOTY abmera
dparMeRTOB MEKIY CECTPEECKEME XpoMarriaMy. Tlonasa Boxmoro pacrsopa HMEKA NOLTE OpEABapH-
TENEROrO 6-HENENEEOrO HepOEPAEHOTO BECEHHA XABOTHEIM CBHALR, TAKKE B BOANOM PACTBODE, CYIecTs
BENHO YMCHBIOYWIZ FeHOTOKCHIscKY sddexr ceuana,

TIpencrasnenst OHOMDIAYSCKHE ACHSKTH! TONYICHHEIX pesynbraros,
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