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To study the mechanism of the toxic action of pesticides on mammals the study of the effect of these compounds
on function of the nuclear apparatus of the cell is very important. Pesticides have been shown to penetrate inside cells, to
accumulate in them, and to exert their effect through modification of certain systems controlling the genetic response of the
cell. Under these circumstances the frequency of chromosomal aberrations and sister chromatid exchanges is increased [9],
biotransformation of embryonic cells takes place [13]; unforeseen synthesis of DNA is observed in human lymphocyte
cultures [12], and processes of DNA, RNA, and protein synthesis are disturbed [10]. It has been shown [3] that induction
of cytochromes of the P-450 group is accompanied by increased transcription of genetic loci coding for particular forms of
hemoprotein. One result of this is the accumulation of corresponding mRNAs of cytochrome P-450 in animal cells,
potentiation of their translation by ribosomes and, ultimately, the more rapid biosynthesis of forms of cytochrome P-450
specific for the particular inducer promoting these processes [6].

In this connection the study of the toxic action of the pesticide Cotoran (a urea derivative widely used in agricul-
ture as a herbicide) is interesting, for discovery of the principles governing disturbance of cell metabolism will go some way
to elucidating the mechanisms of the pathology.

The aim of this investigation was to study the effect of the pesticide Cotoran on RNA synthesis and to study RNA
transport from nuclei into cytoplasm.

EXPERIMENTAL METHOD

Wistar rats weighing 120-150 g were used in the experiments. The animals were poisoned with Cotoran by its
administration through a special gastric tube. The dose of Cotoran was 0.05LDs,. The animals were killed by decapitation.
The nuclei were isolated [4], and the cytosol obtained by centrifugation of the postmitochondrial supernatant at 105,000g
for 1.5 h on a "Beckman" ultracentrifuge. RNA synthesis was judged by incorporation of 3H-uridine, injected intraperi-
toneally into the animals in physiological saline, in a dose of 100 #Ci/100 g, into the nuclei and cytoplasm of the rat liver
cells. The animals were killed 1, 3, and 5 days after injection of the labeled precursor of RNA synthesis and Cotoran. The
nucleocytoplasmic RNA transport. [15] and Mg-ATPase activity were studied, protein was determi~~d by Lowry’s method
[11], and the DNA concentration was measured on an SF-26 spectrophotometer at a wavelengt 260 and 300 nm in
lysate in a solution of 1% SDS, using the empirical formula Cpns (ug/ml) = (Agge — Asgp) *32. 1he isolated nuclei and
cytosol, each in a volume of 100 ul, were applied to millipore filters, which were washed twice with cold 5% TCA and
ethanol; the dried filters were counted on a "RackBeta-1217" Radioactivity Counter (LKB, Sweden).
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Fig. 1. Incorporation of 3H-uridine into RNA of rat liver cell nuclei and
cytoplasm under normal conditions (1) and after administration of
Cotoran in a dose of 0.05LDs, (2). a) incorporation into RNA of rat
liver nuclei, b) incorporation into RNA of rat liver cytoplasm. Abscissa,
time (in days); ordinate, radioactivity (in cpm/ug DNA for a, ug protein
for b).

EXPERIMENTAL RESULTS

Experiments to study synthesis of nuclear RNA, in which a single injection of Cotoran and of 3H-uridine was given
showed that one day after poisoning with Cotoran incorporation of the labeled precursor of RNA synthesis in the rat liver
cell nuclei was reduced by almost 60% compared with the control; on the 3rd day this difference was reduced somewhat (to
50%) but not until the Sth day did the level of RNA synthesis return to control values (Fig. 1a).

The time course of incorporation of 3H-uridine into cytoplasmic RNA in the liver of the normal and Cotoran-poi-
soned rats is shown in Fig. 1b. Clearly Cotoran considerably inhibits incorporation of the label into cytoplasmic RNA of rat
liver (by almost 30%); on the 3rd day after poisoning some increase was observed in the rate of incorporation of the
labeled precursor of RNA synthesis into the liver cytoplasm of the poisoned rats, although a significant difference still
remained compared with the control values (up to 30%), and not until the 5th day had incorporation of 3H-uridine into
cytoplasmic RNA in the liver of rats treated with Cotoran returned to normal.

Thus the quantity of newly synthesized RNA in the liver nuclei and cytoplasm of the poisoned rats was consider-
ably less than the control values, but subsequently incorporation of the labeled precursor of RNA synthesis into the nuclei
and cytoplasm (on the 5th day) was restored virtually compietely.

The pesticides Dieldrin and DDT [5] also have a significant effect on RNA synthesis and transport. An increase
was observed in incorporation of the labeled precursor of RNA synthesis into 4S RNA, whereas incorporation of 14C-uri-
dine in 18S and 285 RNA was reduced. The decrease in synthesis of 28S RNA in the nuclear fraction is explained by the
authors cited by the reaction of the pesticide-treated cells to replacement of part of the degraded cytoplasmic 288 RNA.
The inequality of incorporation of labeled uridine into the different forms of RNA in the presence of pesticides is evidence
of the multiphase effect of pesticides on RNA biosynthesis, and also perhaps of the more rapid degradation of cytoplasmic
forms of RNA.

One of the most important features of eukaryote cells is the uncoupling of transcription, which takes place mainly
in the nucleus, and translation, taking place in the cytoplasm. Consequently, in eukaryote cells a special stage of metabo-
lism known as RNA transport appears. RNA transport is not simply the transfer of RNA from its point of synthesis to its
point of function, but it also embraces a whole range of metabolic conversions of RNA. There is evidence in the literature
that much of the heterogeneous nuclear RNA formed in eukaryote cells is not transport into the cytoplasm. We know [14]
that 70% of primary transcripts of heterogeneous nuclear RNA do not contribute to cytoplasmic RNA. The next stage in
the study was to examine the effect of Cotoran on RNA transport from nuclei into cytoplasm of rat liver cells.

It follows from the data in Fig. 2 that under normal circumstances RNA transport from nuclei into cytoplasm takes
place very rapidly in the first 5-10 min, during the next 20 min of incubation the curve of the velocity of RNA transport
from nuclei into cytoplasm flattens out on a plateau, and after incubation for 30 min RNA transport from nuclei into
cytoplasm of rat liver cells decreases. A similar time course of RNA transport from nuclei into cytoplasm also is observed
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Fig. 2. RNA transport from nuclei into cytolasm of rat liver cells under
normal conditions (1) and under the influence of Cotoran in a dose of
0.05LDy, (2).
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Fig. 3. Fragment of hepatocyte of a rat poisoned with Cotoran in dose of

0.05LDg,. Magnification 8000. Embedding in Epon-Araldite. Stained with
uranyl acetate. NM) nuclear membrane.

under the influence of Cotoran, but under these circumstances inhibition of RNA transport by 20-25% is observed at all
times of incubation.

Cotoran thus inhibits RNA transport from nuclei into cytoplasm.

Let us examine why this should happen. We know that Mg-ATPase, which is essential for the provision of energy
for mRNA transport [2], is a specific marker enzyme of the nuclear membrane [8]. Particularly high ATPase activity has
been discovered in pores of the nuclear membrane, which arc sites of permeability for RNA. Moreover, RNA transport is
connected with the central granule of the pore complexes [1], and it is also possible that the process of maturation of the
nuclear precursors of RNA and of cytoplasmic forms of RNA and its completion may aiso be connected with the pore
complex. ‘

We accordingly used the value of Mg-ATPase activity as a marked of functional activity of the nuclear membranes
and of their interrity. We ivund that the time course of Mg-ATPase activity in the liver nuclei of rats poisoned with
Cotoran is almec: . “istinguishable from the time course of Mg-ATPase activity in the liver nuclei of normal rats.

A photo::.. ~ »graph of a section through the liver of a rat poisoned with Cotoran is given in Fig. 3. The nuclear
membrane is cleariy uefined, although certain structural changes can be observed in the form of widening of the perinuclear
space and condensation and compaction of chromatin.

' The results described above show that Cotoran has no marked effect on the structural and functional state of the
nuclear membrane.
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