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Abstract

The purpose of this study was to determine the nephrotoxic effect of deltamethrin in experimental animals at a dose of
43.5mg/kg (1/2 LD50).

Materials and Methods: For the experiment, 48 male Wistar rats with a body weight of 240+10 g were divided into 4 groups
of 12 animals each. Groups 1 and 3 were control groups, which were administered a physiological solution intragastrically. The
animals in Groups 2 and 4 received a single dose (43.5 mg/kg) of the synthetic pyrethroid deltamethrin, which corresponds to
1/2 LD50. Rats were withdrawn from the experiment in two stages: 1) rats in Groups 1 and 2 — one day after the deltamethrin
administration; 2) rats in Groups 3 and 4 — 3 days after the deltamethrin administration. Biochemical and pathomorphological
changes in the kidneys were evaluated. The evaluation criteria were the content of pyruvate, inorganic phosphate, and glutathione
(GSH) and the activity of glutathione peroxidase activity (GPx), glutathione reductase (GR) and glutathione-S-transferase (GST)
in the kidneys. Histological preparations of kidney tissue were studied.

Results: The single administration of a toxic dose of deltamethrin caused a decrease in body weight of rats, an increase
in kidney weight, and the accumulation of pyruvate and inorganic phosphate in the kidneys. A decrease in the GSH content
was accompanied by an increase in the activity of GPx, GR and GST. One day after the experiment, in the convoluted tubules,
epithelial cells with blurred contours of the boundaries were enlarged; and the granularity of the cytoplasm containing vacuoles
was expressed. The nuclei of epithelial cells had different sizes; some of them were in a state of pycnosis. In the organ parenchyma,
large and small blood vessels full of blood were visible. Three days after the intoxication, these symptoms became more pronounced.
In the intertubular connective tissue, hemorrhages and leukocyte infiltrates were detected.

Conclusion: The study confirms the nephrotoxic effect of a single toxic dose (43.5 mg/kg [1/2 LD50]) of deltamethrin.
Pathomorphological changes in the kidneys are accompanied by the disturbances in energy metabolism and activation of the glutathione
antioxidant system with the development of glutathione deficiency.(International Journal of Biomedicine. 2018;8(3):220-223.)
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Abbreviations

BW, body weight; GPx, glutathione peroxidase; GR, glutathione reductase; GST, glutathione-S-transferase; GSH, glutathione;
KW, kidney weight; KMI, kidney mass index.

Introduction in agriculture and veterinary medicine for the destruction of pests
of plants and ectoparasites of animals.® Deltamethrin plays a key

Synthetic pyrethroids are used extensively as insecticides role in controlling malaria vectors and preventing the spread

and acaricides in agriculture and veterinary medicine, acting as of diseases carried by ticks.® This pesticide is highly toxic
neurotoxic agents. Among pyrethroids, deltamethrin is one of the to aquatic life, particularly fish, and therefore must be used

most popular and widely used insecticides in the world. It is used with extreme caution around water. Deltamethrin-¢7 is highly
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toxic to humans and other mammals.In recent years, however,
a number of studies have been published demonstrating
pathologically proven motor neuron death in people after acute,
massive ingestion of pesticides containing pyrethroids.®'? The
effect of deltamethrin on different organs and systems has also
been described.!"' In this connection, there is an increasing
interest in studying its toxicity for animals and humans.

The purpose of this study was to determine the
nephrotoxic effect of deltamethrin in experimental animals at
a dose of 43.5 mg/kg (1/2 LD50).

Materials and Methods

For the experiment, 48 male Wistar rats with a body
weight of 240+10 g were divided into 4 groups of 12 animals
each. Groups 1 and 3 were control groups, which were
administered a physiological solution intragastrically. The
animals in Groups 2 and 4 received a single dose (43.5 mg/kg)
of the synthetic pyrethroid deltamethrin, which corresponds
to 1/2 LDS50. Rats were withdrawn from the experiment
in two stages: 1) rats in Groups 1 and 2 — one day after the
deltamethrin administration; 2) rats in Groups 3 and 4 — 3 days
after the deltamethrin administration.

In the course of the experiment, the preparative form
of deltamethrin was used under the trade name “Butox 50”
(Intervet Productions SA, France). All stages of the experiment
were carried out in accordance with the requirements of
Directive 2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of animals
used for scientific purposes.

Atthe final stage of the experiment, the rats were weighed.
Kidneys of the animals were removed and weighed. The right
kidneys were homogenized at 0-2°C and biochemical markers
were determined in the resulting homogenate. The content of
total protein, pyruvate and inorganic phosphate was determined
by unified methods. The GSH level was determined according
to Rousar et al.'9 the activity of GPx and GR according to
Vlasova et al.'9, and GST according to Habig and Jakoby.'”

For histological examination, the pieces of kidney tissue
(the middle third of the left kidney) from each rat were fixed
in a 4% neutral solution of formaldehyde, dehydrated in spirits
with increasing concentration, then poured into paraffin. On a
rotary microtome, tissue sections of 5 um thick were made and
stained with hematoxylin and eosin. The study of histological
preparations was carried out using the Altami BIO 1 microscope
(Altami, Russia).

Statistical analysis was performed using the statistical
software «Statistica» (v6.0, StatSoft, USA). The results are
presented as Me (median), Q7 (lower quartile), and Q3 (upper
quartile). The Mann-Whitney (U Test) was used to compare the
differences between the two independent groups. A probability
value of P<0.05 was considered statistically significant.

Results

We recorded a decrease in BW of rats as a result of
exposure to a toxic dose of deltamethrin (Table 1). This change
was observed both in the first and third days of the experiment.

An opposite trend was observed in the change in the mass of
the kidneys of experimental animals. A decrease in BW and an
increase in the mass of the kidneys led to an increase in KMI
(Table 1).

Table 1.

BW of rats and KMI after after a single deltamethrin administration
at a dose of 1/2 LD50

Group | BW, g | KW, g | KMI, g/100 g
Day 1
Group 1 |240 (239-248)[0.740 (0.700-0.817){0.304 (0.288-0.341)
Group 2 23}73 5(2)3()125211) 0.905 13(9(.)83(2)%(—);.070) 0.393;9(.)383(—)?.456)
Day 3
Group 3 |244 (240-248)0.704 (0.654-0.776)|0.291 (0.272-0.314)
Group 4 23;4) _(%)30305(4)12) 0.99; £(())%%(())—3114) 0.420P(£)(.)4(())3(-)(2)4492)

The single administration of a toxic dose of deltamethrin
caused the accumulation of pyruvate and inorganic phosphate
in the kidneys (Table 2). A day after the beginning of the
experiment, the median value for pyruvate and inorganic
phosphate increased by 29.7% and 39.7%, on the third day
- by 24.1% and 116%, respectively, compared to the control.

Much attention in the studies of pesticide-related
intoxications is devoted to determining the antioxidant system
parameters.!'"'>!® Of greatest interest, in our opinion, is the
study of GSH, since GSH not only enters into battle with free
radicals and products of lipoperoxidation, but also participates
in the reactions of conjugation of synthetic pyrethroids.'*?
In our experiment, there was a decrease in the content of
GSH in the kidneys of rats subjected to a single deltamethrin
administration (Table 2).

Table 2.

The content of pyruvate, inorganic phosphate (Pi), and GSH in the
kidneys of rats after after a single deltamethrin administration at a
dose of 1/2 LD50

Group | Pyruvate, pmol/g Pi, pmol/g ng’rggﬂ/mg
Day 1

Group 1 | 0.431 (0.410-0.462) | 5.56 (4.19-7.32) | 30.8 (24.9-32.2)

Group 2 0.55913(_()(.)43&(2).601) 7.7;£%%52-099.24) 18.353&)7(.)%—0254.3)
Day 3

Group 3 | 0.440 (0.407-0.510) | 4.56 (3.58-7.06) |29.1 (26.0-33.1)

Group 4 0.546 P(_O(.)4gggg.620) 9.83P(_8(.)lg(3(1)%.18) 20.; E})So%-1256.2)

A decrease in the GSH content in the kidney was
accompanied by activation of enzymes of its metabolism
(Table 3). GPx activity increased by 73.4% and 42.2% on
the first and third days of the experiment, respectively. GR
activity increased by 82.9% and 81.5% on the first day and the
third day, respectively.
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Table 3.

The activity of glutathione-dependent enzymes in the kidneys of
rats after a single deltamethrin administration at a dose of 1/2 LD50

Grou GPx, GR, GST,
P U/mg protein | U/mg protein U/mg protein
Day 1
Group 1 504 (446-647) | 299 (252-368) 373 (345-474)
Group 2 874 (598-958) | 547 (452-634) 726 (635-793)
P P=0.0043 P=0.0001 P<0.0001
Day 3
Group 3 578 (465-610) | 248 (230-349) 414 (352-455)
Group 4 822 (674-923) | 450 (354-564) 607 (573-672)
P P=0.0001 P=0.0010 P=0.0001

Although the total GST activity in the kidneys is lower
than in the liver, renal GST also promotes the formation of
conjugates with degradation products of deltamethrin. A single
deltamethrin administration at a dose of 1/2 LD50 led to an
increase in GST activity in kidneys by 94.6% after the first day
of the experiment. On the third day of the experiment, the GST
activity remained quite high (Table 3).

Fig. 1.

Light microscopy of the kidneys of rats. Control (a), 24 hours
(b) and 72 hours (c) after a single deltamethrin administration
at a dose of 1/2 LD50 (43.5 mg/kg). Hematoxylin Eosin
staining.

(a) The size of the glomeruli is unchanged, small
subcapsular spaces, epithelium of the renal tubules
without damage.

(b) The granularity of the cytoplasm of renal tubule
epithelial cells, narrowing of lumen of proximal tubules,
congestive hyperemia.

(c) Cytoplasmic vacuoles in renal tubule epithelial cells.
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During the histological examination, we found the
following changes (Figure 1): One day after the experiment, in
the convoluted tubules, epithelial cells with blurred contours
of the boundaries were enlarged; and the granularity of the
cytoplasm containing vacuoles was expressed. The nuclei of
epithelial cells had different sizes; some of them were in a
state of pycnosis. In individual cells, the diameter of the nuclei
was increased in comparison with the control. Some vascular
glomeruli were hyperemic. In the organ parenchyma, large and
small blood vessels full of blood were visible. Three days after
the intoxication, these symptoms became more pronounced.
Degenerative processes in the epithelial cells of tubules
increased; therefore, the number of fragments of desquamated
cells increased in the tubular lumen, and the lumen of the
tubules was narrowed. The intensity of vacuolization of the
cytoplasm on different sites of histological specimens was
expressed in different degrees. In the intertubular connective
tissue, hemorrhages and leukocyte infiltrates were detected.
On the control histological specimens, various sections of the
renal tubules and glomeruli were observed, surrounded by a
capsule, without pathological changes.

Discussion

An increase in the mass of the kidneys may indicate
the active inclusion of these organs in clearing and removing
deltamethrin and its metabolites from the bodies of rats. To
activate metabolism and neutralize deltamethrin in the kidneys,
alarge amount of energy is needed. However, the accumulation
of pyruvate, noted above, indicates a disturbance of aerobic
oxidation, probably due to inhibition of the tricarboxylic acid
cycle. This assumption is confirmed by an increase in the
concentration of inorganic phosphate in the kidneys of rats
in the early stages of acute poisoning with deltamethrin. The
source of a large number of phosphoric acid residues can be
the active catabolism of the purine and pyrimidine mono-, di-
and triphosphates.®"

The increased burden on the glutathione system of
the kidneys after deltamethrin administration promotes the
activation of enzymes of its metabolism, probably due to
activation of the antioxidant response element (ARE).???9
ARE induces the synthesis of GP and GR, which function in
close cooperation and contribute to providing the glutathione
redox cycle. In itself, the use of GSH in these two reactions
does not lead to GSH deficiency. However, there are a number
of enzymes that extract GSH from this cycle and irreversibly
attach GSH or its individual amino acids to various substrates,
in particular, to deltamethrin decay products. Such enzymes
include GST; we noted its activation in the kidneys of rats
after acute poisoning. GST, along with GP and GR, is an
enzyme whose gene is regulated by ARE.??

After the action of GST and associated enzymes, GSH
breaks down into constituent amino acids. For the re-synthesis
of GSH, the energy of ATP is required, the availability of which
is limited by the inhibition of the cycle of tricarboxylic acids
and the mitochondrial respiratory chain. This can contribute to
the development of GSH deficiency and ultimately disrupt the
functioning of the glutathione system of the kidneys.
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The described biochemical changes also have
morphological manifestations. Our study demonstrates that
under the simulated conditions, free radical processes are
activated. Active oxygen metabolites can be produced by
both kidney cells and immune system cells.®**> The reactive
oxygen species themselves are capable of provoking and
stimulating the development of destructive processes.®

Moreover, lesions can occur in different parts of
nephrons (glomeruli, renal tubules, vessels) and induce
necrosis or apoptosis.®”

Thus, our study confirms the nephrotoxic effect of a
single toxic dose (43.5 mg/kg [1/2LD50]) of deltamethrin.
Pathomorphological changes in the kidneys are accompanied
by the disturbances in energy metabolism and activation of
the glutathione antioxidant system with the development of
glutathione deficiency.
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