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Environmental pollution by heavy metals insistently demands a comprehensive study of their biological
properties, with special reference to the establishment of hygienic norms. Since many of them have been
shown to give genetic effects [1], evaluation of the genetic activity of various compounds of heavy metals which
may contaminate the human environment is extremely important.

This paper describestheresults of an investigation of the genetic activity of thallium carbonate {T1,COs),
using as the criterion the action of this substance on DNA, by comparison with other methods: induction of
chromosomal aberrations and mutability in viruses, and also the appearance of dominant lethals, Thallium was
chosen as the model because of the widespread use of this element in industry and, consequently, the possi-
bility that it may enter the external environment, by discharge into watercourses of industrial effluents, for
example [2]. In regions where thallium ores are found its concentration in reservoir water may reach 2.7
mg/liter [4]. The concentration of this element in water and mud deposits of rivers and lakes in the USA and
Western Europe may reach 88,2 ug/liter [6].

EXPERIMENTAL METHOD

Experiments were carried out on cultures of rat embryonic fibroblasts prepared in the usual way. To
determine the number of single-stranded breaks the cell DNA was labeled with thymidine-*H (1 mCi/ml
medium) for 24 h and covered with fresh medium containing T1,CO3, After incubation with the mutagen the
cells were suspended in 0,1 M NaCl in a concentration of 1+10° to 110 cells/ml, Lysis of the cells and
chromatography of the cell lysates on columns with hydroxyapatite were carried out by Rydberg's method [5],
The DNA content in the fractions was determined by the amount of label precipitated by 5% TCA on Synpore
No. 4 millipore filters,

To determine the survival rate and mutability of vaccinia virus in the test culture it was infected with
this virus (Lister strain); the duration of contact was 40 min, Intracellular virus was treated with TL,CO,
solution and the cells were washed and titrated by the plaque method on a culture of chick fibroblasts,

TABLE 1. Action of T1,CO5 on DNA of Rat
Fibroblasts (M + m)

Double-stranded DNA, 9, of control
T1,COq M
mutagen 24 h postincubation 24 h
1-10—% 82+2 88+2
1-10—¢ 73+2 78+2
1-10—4 47+2 64+4
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Fig. 1. Effect of thallium salt (T1,CO;) on vaeccinia
virus in rat fibroblasts. A) Difference between sur-
vival rate of vaccinia virus in rat embrycnic fibroblasts
in control and after treatment with 1-10~*M T1,CO,) for
24 h, Ordinate, survival rate (in log PFU/ml). B)Spon-
taneous mutagenesis (1) and mutagenesis induced (2) by
141074 M T1,CO; for 24 h in vaceinia virus in culture of
rat embryonic cells, Ordinate, small plaque variants

(in%).

The optimal time of addition of the mutagen to the culture to obtain the largest number of metaphases
among the cells when studying chromosomal aberrations was after 48 h, Exposure to the mutagen lasted 24 h,
Colchicine (0,5 pg to 1 ml of culture) was added 4 h before fixation, Cells were taken by active pipeting with
EDTA solution and medium 199 consecutively, Hypotonia was produced with 0,54% KC1 solution for 15 min at
37°C. Fixation with a mixture of methyl alcohol and glacial acetic acid (3: 1) was carried out twice for 15 min
each time, at 22°C, The cells were stained with azure—eosin. Each experiment was repeated three times,
Induction of dominant lethals was studied by the method described in [3]; the poison was administered to the
animals perorally.

EXPERIMENTAL RESULTS

The ability of T1,CO,4 to induce single-stranded breaks in DNA was studied by a chromatographic methed.
Cultures of rat fibroblasts were treated for 24 h with different concentrations of T1,CO;, The number of
breaks arising in the DNA molecule was found to depend on the concentration of the salt used (Table 1). Post-
incubation of the culture in growth medium for 24 h partially restored the double-stranded structure of DNA,

As Table 1 shows, immediately after treatment of the cells with T1,COq in a concentration of 1+107*M
nearly half of the DNA was single-stranded, whereas in a concentration of 1+10~% M only 18-20% of the DNA
was single-stranded, With the concentrations of the compound used, complete restoration of the original double-
stranded structure of DNA was not observed after postincubation for 24 h, However, repair was more marked
in the case of low concentrations of thallium,

The second method used to determine the mutagenicity of T1,CO; was to study the survival rate and
mutability of vacecinia virus in rat fibroblasts treated with this salt, Viruses can be used as a test system for
the evaluation of environmental mutagens. Determination of the mutagenic potential of compounds in the cells
of higher organisms correlates as a rule with the mutagenic response in viruses,

Rat embryonic fibroblasts, infected with vaccinia virus, were treated with T1,CO, (11074 M) for 24 h,
The number of plaque-forming units in 1 ml (PFU/ml) was counted by the titration method and the size of the
plaques was measured, The survival rate of the virus reflected the difference in titers of the virus (log
PFU/ml) between the control and T1,CO; treated material. The yield of small plaque variants characterized
the number of induced mutations (Fig, 1). Analysis of the results showed that the survival rate of vaceinia
virus in rat fibroblasts treated with T1,CO; was significantly lower than in the control. The percentage of
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TABLE 2, Induction of Chromosomal Aber-
rations in Rat Fibroblasts under the Influence

of leCOS
Y o e B tme o= d e = a
°E 1583 |az 152 legs oo
ThCoW M BE | AR | 85,185 |E5 |EEs,
Se |E8% |B35\E5 |EE9s|BEgY
z® |ZE8 | 29855 |268212328
Control 3 300 5 5 1,66 1,66
1-10—¢ 3 275 17 20 6,18 7,27
1-10—5 3 350 43 55 12,29 15,71

TABLE 3, Frequency of Dominant Mutations in Intact Female Albino Rats after Mating with
Males Poisoned with T1,CO3 for 8 Months (M + m)

Mortality be 3 Qver-all
Number of NUH}bEI of |Number of |Number of |Number of k ortan ); N Mortahty ::after embryonic
umber of {5ostimplan- | corpora livi resorptions [ oro -THP1AN implantation, | o h.0
Dose, mg/ pregnant |{tation sites |lutea of er‘1,11|;1rg os (A)(B) tation, B C-A s
kg rats regnancy Y C—(A+B)/| A+B * 160%
& c
Control 16 10,93--0,39 | 11,75+0,33 | 10,87+0,37 | 0,87+0,13 | 0,06-+0,2 0,0134-0,009 6,16+1,64
5.10~8 18 11,06+0,49 | 11,724-0,35 | 10,83+0,47 | 0,22+0,12 | 0,0640,02 0,018+0,010 7,42-£1,60
5-10—8 18 10,38+0,48 | 1i,11+0,35 | 10,06+0,49 | 0,33-+0,13 | 0,074-0,02 0,031+0,012 10,03+2,10
5-10—4 18 10,11+0,48 | 11,550,401 9,77+0,48] 0,27+0,11 | 0,084-0,22 0,027+0,010 10,97+1,80

small plaque variants in the experimental material was three times greater than the spontaneous virus muta-
genesis in the control cells.

The same concentrations of T1,CO, and the same exposure were used to study the yield of chromosomal
aberrations intest cell cultures (Table 2), The yield of chromosomal aberrations after exposure to TL,CO; in
a concentration of 1-107% M was about six times, and in a concentration of 1°107% M three times, higher than
the spontaneous level, The aberrations were chromosome and chromatid fragments, except in only one case
when a dicentric chromosome was identified (in 1*10-% M T1,CO,).

Chronic administration of the thallium salt perorally to male rats followed by mating with intact females
showed a tendency for the overall embryonic mortality to rise after doses of 5+107% and 5*10™* mg/kg body
weight (Table 3). After administration of the thallium salt in a dose of 5+107° mg/kg the changes observed

affected only certaln parameters specific for this element: this dose can be regarded as on the threshold of
action of thallium under conditions of chronic poisoning,

As a result of the action of T1,CO; on cultures of rat fibroblasts definite correlation was thus observed
between induction of DNA breaks, the formation of chromosomal aberrations, and inactivation and mutability of

vaccinia virus, At the same time, the compound was shown to possess mutagenic activity in the dominant
lethals test in rats.
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