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ABSTRACT. The aim of the Research. To identify morphological changes in Tetrahymena pyriformis W infusoria under the acute expo-
sure to plant growth regulators (PGR) — derivatives of pyridine-N-oxide and compare them to functional disorders of cells.

Materials and Methods. In the research we used the 2-methylpyridine- N-oxide, 2,6-dimethylpyridine- N-oxide and their complexes with
organic acids (succinic, maleic) or metal salts (ZnCl,, Znl,, CoCl,, MnCl,) (a total of 15 substances), synthesized at the Institute of
Bioorganic chemistry and Petrochemistry, NAS, Ukraine. Studies were performed on Tetrahymena pyriformis W infusoria in isotoxic
doses — at the level of toxic concentrations — LCs,, LC;4 and inactive concentrations (LCpy). Morphological changes in cells of infusoria
were assessed visually with the use of a light microscope. Structural changes in infusoria were compared fo functional changes in cells
(motor activity and energy state) obtained under the same experiment.

Results and Conclusions. It is demonstrated that 2-methylpyridine-N-oxide, 2,6-dimethylpyridine-N-oxide and their complexes with
organic acids (succinic, maleic) or metal salts (ZnCl,, Znl,, CoCl,, MnCl,) cause functional and morphostructural changes in infusoria,
the extent of which depends on the current concentration. Morphostructural changes in infusoria under the influence of the studied PGRs
are characterized by a change of shape, growth of the contractile vacuole, vesiculation, damage to the integrity of the cytoplasmic mem-
brane, emission of cytoplasm and structural elements of cells into the nutrient medium.

Complexes of methyl derivatives of pyridine- N-oxide with metal salts in the studied concentrations reduce speed and increase energy
expenditure on movement, cause changes in behavioural reactions and structure of cells to a greater extent than 2-methylpyridine-N-
oxide, 2,6-dimethylpyridine- N-oxide and their complexes with organic acids. Both functional and morphological changes in infusoria are
more evident under the influence of studied PGR occurring at concentrations corresponding to LCs,. At lower concentrations the changes
in the functional activity of infusoria were observed. Comparison of the obtained functional and morphostructural indicators of the state
of infusoria shows that complexes of methyl derivatives of Pyridine-N-oxide with metal salts have more toxic effects on infusoria than
complexes of methyl derivatives of pyridine-N-oxide with organic acids. Reduced motor activity and an increase in energy consumption
per a unit of a path of motion, together with the morphological changes of cell structure, are the indicators of toxicity of xenobiotics for
infusoria and criteria for assessing their viability.

Key Words: methyl derivatives of Pyridine-N-oxide, Tetrahymena pyriformis W, morphofunctional changes.

Introduction. Large-scale use of chemicals,
including pesticides and agrochemicals, for
various purposes in the national economy is a
real threat because of their potential entry into
the environment, as they can harm aquatic and
terrestrial bioresources, as well as human
health. Today in Ukraine a significant propor-
tion of registered plant growth regulators
(PGR) are the drugs based on methyl deriva-
tives of pyridine-N-oxide (ivin, poteitin,
kapanin, zeastymulin, agrostimulin, betastim-
ulin, triman, etc.) [1], as they contribute to the
increase in crops yield, reduction of the
amount of pesticide applied without reducing
efficiency, production of ecologically clean
agricultural products [2-7].

Complexes of 2-methylpyridine-N-oxide,
2,6-dimethylpyridine-N-oxide with organic
acids and metal salts synthesized at the
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Institute of Bioorganic Chemistry and
Petrochemistry of the National Academy of
Sciences of Ukraine demonstrated high auxin
or cytokinin activity on various crops.
According to the parameters of acute toxicity
for laboratory animals, they are low- or mod-
erately toxic substances. For 2,6-
dimethylpyridine-N-oxide (Ivin) and complex
of 2-methylpyridine-N-oxide with MnCI2
(Triman) membrane-associated trophic activi-
ty, intensification of protein synthesis process-
es in animals are proven. The ability, in partic-
ular of Ivin, to reduce acute toxicity and toxic
effects in the body of rats due to exposure to
pesticides of different chemical groups was
detected [2, 8-10].

It is known that chemicals, which are char-
acterized by high biological activity when
released into the environment, have a pro-
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nounced toxic effect on aquatic and terrestrial
environments. The most dangerous for the envi-
ronment are salts of heavy metals, surface active
substances (SAS), and pesticides. Thus, heavy
metals, accumulating in the soil, have a phyto-
toxic effect on plants, inhibit metabolic func-
tions, limit growth, cause chlorosis, etc. [11].
Salts of heavy metals have a pronounced toxic
effect on cyanobacteria Cynechocystis SP
atthe level of 1,5 mkg/l"!, zinc and copper
oxides are toxic in low concentrations to marine
bacteria Vibrio fischeri and freshwater protozoa
Tetrahymena Thermophila [12, 13]. With
decreasing aquatic temperatures, the toxicity of
heavy metals increases significantly [12]. SAS in
high concentrations cause lysis of infusoria,
and in low — a toxic effect. This is due to the
interaction of SAS with lipid bilayer of mem-
branes, which in its turn, leads to changes of
osmotic properties and disruption of cell lysis
[14]. Oxidative stress caused by chemicals is
also among the reasons of structural changes
and impairment of infusoria [135].

Toxic effects of heavy metals, some pesti-
cides and various chemical factors on infusoria
and other water bodies are mainly reported in
the literature as a concentration-effect rela-
tionship with the determination of lethal and
effective concentrations [9, 16-21] without
studies of structural cell disorders being con-
ducted. For some substances, including pesti-
cides, it is noted that along with physiological
changes there are changes in the structure of
infusoria (loss of their shape, growth of the
contractile vacuole, damage to the integrity of
the cytoplasmic membrane and organelles).
Inhibition of growth and phagocytic activity of
infusoria were observed. Important in the
mechanism of toxic action of pesticides on
infusoria is the imbalance of antioxidant
enzymes [22-24].

The effect of PGRs on the state of infusoria
is still insufficiently studied. It is shown that
methyl derivatives of pyridine-N-oxide under
the acute exposure are moderate or low toxic
substances for Tetrahymena Pyriformis W
infusoria, in high concentrations they cause
functional changes (increase or reduce the fre-
quency and speed, total energy consumption
for motion), under chronic exposure the curve
of concentration-infusoria growth dependence
has a mono -, bi - or polymodal form [9, 20,
21]. Along with functional disorders morpho-
logical changes in the structure of cells are an
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important characteristic of toxic effects on
infusoria. So the determination of mor-
phostructural changes in infusoria under the
acute exposure to pyridine-N-oxide deriva-
tives based PGRs, which are introduced into
agricultural practice in Ukraine is an actual
task.

The Aim of the Research. To identify mor-
phological changes in Tetrahymena pyriformis
W infusoria under the acute exposure to plant
growth regulators (PGR) — derivatives of pyri-
dine-N-oxide and compare them to functional
disorders of cells.

Materials and Methods. In the study we
used the 2-methylpyridine-N-oxide, 2,6-
dimethylpyridine-N-oxide and their complex-
es with organic acids (succinic, maleic) or
metal salts (ZnCl,, Znl,, CoCl,, MnCl,)
(a total of 15 substances), synthesized at the
Institute of Bioorganic chemistry and
Petrochemistry, NAS, Ukraine, that showed
high growth regulating activity and are recom-
mended for agricultural practice in Ukraine as
PGR on different crops.

The study is conducted in Tetrahymena
pyriformis W infusoria. Tetrahymena pyri-
formis W infusoria, as a test system in vitro, is
widely used in toxicology as an alternative test
object to study the toxicity of many pollutants
of water bodies, pesticides, heavy metals,
extracts of polymeric materials, preservatives
and disinfectants, organic and inorganic com-
pounds [23, 25, 26]. As a rule studies on infu-
soria are conducted under the criterion of “cell
death” to determine the parameters of toxicity
and predict the danger to humans and the
environment. But in addition to the criterion
of “cell death” functional and morphological
changes are important characteristics of infu-
soria, and their determination will comple-
ment to existing understanding of toxic effects
of the impact of chemicals on the cell body.

Studies of morphological changes in
Tetrahymena pyriformis W infusoria were per-
formed in isotoxic concentrations: at the level
of toxic concentrations — LCs,, LC;4 and
inactive concentrations (LC,), which were
determined earlier [8] and shown in the table.

At high concentrations (at the level of LCs)
the microscopic examination of the effect of 2-
methylpyridine-N-oxide, 2,6-dimethylpyri-
dine-N-oxide and their complexes with organ-
ic acids revealed morphostructural changes in
infusoria, which are presented in Fig. 1.
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Table
Toxicity values of the researched N-pyridine oxide derivatives
. LC LC LC
Chemical name (ng /Ionl) (mg /;rﬁll) (mg /i;’ll)
2-methylpyridine-N-oxide 9,45 18,90 26,00
2-methylpyridine-N-oxide with succinic acid 3,41 6,82 8,52
Di-2-methylpyridine-N-oxide with succinic acid 1,64 3,27 5,82
2,6-dimethylpyridine-N-oxide 8,89 17,79 34,27
2,6-dimethylpyridine-N-oxide with succinic acid 1,44 2,88 5,67
Di-2,6-dimethylpyridine -N-oxide with succinic acid 2,49 4,99 6,87
2,6-dimethylpyridine-N-oxide with maleic acid 2,05 4,09 5,78
Di-2-methylpyridine-N-oxide with ZnCl, 1,49 2,98 3,83
Di-2-methylpyridine-N-oxide with Znl, 2,30 4,60 6,50
2-methylpyridine-N-oxide with CoCl, 4,26 8,52 13,35
Di-2-methylpyridine-N-oxide with Col, 1,03 2,06 3,27
2-methylpyridine-N-oxide with MnCl, 4,83 9,66 13,92
Di-2,6-dimethylpyridine-N-oxide with ZnCl, 1,56 3,12 5,54
Di-2,6-dimethylpyridine-N-oxide with Znl, 0,87 1,74 2,76
Di-2,6-dimethylpyridine-N-oxide with CoCl, 3,55 7,10 11,93

As can be seen in Fig. 1, intact (control)
infusoria have a spindle-shaped or slightly
elongated body shape with a clearly defined
smooth cytoplasmic membrane and well-visi-
ble cell organelles. In the upper left part of the
figure there are the cells which are in the
process of division. The cells moved linearly,
the trajectory changed by a sharp turn, spiral
swimming was observed.

Under the influence of 2-methylpyridine-
N-oxide in high concentrations (at the level of
LCs,) the body of infusoria in most cases was
elongated, some cells had a pear-shaped body.
In cells that are located in the centre of the fig-
ure the vesiculation of the lateral surface of the
body was detected, vesicles are arranged in
chain. There was a slowdown in the speed of
movement alongside with frequent changes of
direction, reduction in the number of food
vacuoles. Morphological transformation of
body shape of infusoria, which was accompa-
nied by frequent changes of direction, can be
the evidence of the change of taxis [27].

Under the influence of the complex of 2-
methylpyridine-N-oxide with succinic acid
some cells become elongated in the forebody
and curved towards the end or pulled out like
“proboscis” (the “sickle shaped” form). These
cells forebodies seemed to be fixed to glass
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slides and they quickly moved clockwise
around its radial axis. The cytoplasmic mem-
brane was not damaged.

Under the influence of the complex of di-2-
methylpyridine-N-oxide with succinic acid,
the nature of morphological changes was simi-
lar to the complex of 2-methylpyridine-N-
oxide with succinic acid, but the field of view
was dominated by cells with elongated and
sickle shaped body form, which quickly rotat-
ed around its axis. Contractile vacuoles were
empty, food vacuoles were not traced. The
cytoplasmic membrane was not damaged.
Atrophied cells were observed.

Under the influence of 2,6-dimethylpyri-
dine-N-oxide in most cells the body shape of
infusoria was spindle- or pear-like, some parts
of the cell increased in volume, and membrane
of some of these cells was deformed, vacuolisa-
tion of the cell wall in a small rounded form or
in a form of single large spherical mass of ecto-
plasm, emissions of vesicles into the incuba-
tion medium were observed. Food vacuoles
were seen clearly.

In infusoria under the exposure to complex-
es of 2,6-dimethylpyridine-N-oxide with suc-
cinic acid and di-2,6-dimethylpyridine-N-
oxide with succinic acid the morphostructural
changes were similar. In both cases, there were
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infusoria with distorted body shape (retort- or
bottle-shaped), but in most of them the struc-
tural elements of the cells were well traced. In
some cells the integrity damage of the cyto-
plasmic membrane and the release of cyto-
plasm into the nutrient medium were observed.

Significant morphological changes in infu-
soria were also observed due to the effect of
complexes of 2,6-dimethylpyridine-N-oxide
with maleic acid. Some infusoria and contrac-
tile vacuole increased in size. Cell vacuolisa-
tion, damaged cell membrane, the release of
the cytoplasm and cell contents in the nutrient
medium were observed.

As can be seen in Fig. 2, under the influence
of 2-methylpyridine-N-oxide, 2,6-dimethyl-
pyridine-N-oxide in the concentrations corre-
sponding to LC,, there was a probable increase
in the velocity of infusoria; an insignificant
increase in this indicator under the influence
of complexes of 2-methylpyridine-N-oxide
with succinic acid and 2,6-dimethylpyridine-
N-oxide with maleic acid was observed.
Probable changes in the total energy consump-
tion for the movement of infusoria were not
detected, but there was a slight increase in

2-methylpyridine-N-oxide

Control

2,6-dimethylpyridine-N-
oxide with succinic acid

O

2,6-dimethylpyridine-N-
oxide
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A

energy consumption per a unit of a path of
motion with the greatest effect for 2-
methylpyridine-N-oxide and its complex with
succinic acid.

At concentrations corresponding to LCy¢, a
probable increase in the velocity of infusoria,
the total energy consumption for infusoria
movement, and an increase in energy con-
sumption per a unit of a path of motion were
observed only for 2-methylpyridine-N-oxide
with succinic acid.

In average lethal concentrations under the
influence of all studied PGRs a noticeable
reduction in speed and increase in energy con-
sumption per a unit of a path of motion were
observed. Thus, reduction of speed of move-
ment ranged from 22,4% to 51,4% and was the
least expressed under the influence of di-2,6-
dimethylpyridine-N-dioxide with succinic
acid and most pronounced under the impact of
2,6-dimethylpyridine-N-oxide and its com-
plex with succinic acid. Energy consumption
per a unit of a path of motion increased from
47,84% to 127,3%, and the changes were the
least expressed under the impact of 2,6-
dimethylpyridine-N-oxide with succinic acid

\
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Di-2-methylpyridine-N-
oxide with succinic acid

2-methylpyridine-N-oxide
with succinic acid
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2,6-dimethylpyridine-N-
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Di-2,6-dimethylpyridine-N-
oxide with succinic acid

Fig. 1. Morphostructural changes in Tetrahymena pyriformis W infusoria under the influence of methyl

derivatives of pyridine-N-oxide and their complexes with organic acids at concentrations correspon-
ding to LCs,. (1 — a cell at a stage of division, 2 — ectoplasm emission, 3 — vacuolisation)
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and 2,6-dimethylpyridine-N-oxide with male-
ic acid and the most expressed under the
impact of di-2,6-dimethylpyridine-N-oxide
with succinic acid, 2-methylpyridine-N-oxide
and its complex with succinic acid.

Studies indicate that given methyl deriva-
tives of pyridine-N-oxide and their complexes
with organic acids in concentrations at the
level of LC, and LC,s do not cause morpho-
logical changes in the structure of infusoria
and cause a slight increase in speed of move-
ment and energy consumption. At average
lethal concentrations, they significantly reduce
the speed of movement and increase the con-
sumption of energy, cause changes in behav-
ioural reactions and cell structure, which leads
to a decrease in the viability of infusoria.

Under the influence of the complexes of
2-methylpyridine-N-oxide and 2,6-dimethyl-
pyridine-N-oxide with metal salts, the behav-
iour of Tetrahymena pyriformis W infusoria in
the nutrient medium was the same and
depended on the active concentration of sub-
stances.

Under the action of low concentrations (at
the level of LCyand LC) visible morphologi-
cal changes of infusoria cells were not detect-
ed, the movement slowed down, the body
shape of infusoria did not differ from the con-
trol sample.

As can be seen in Fig. 3, at high concentra-
tions (at LCs,) for the complexes of 2,6-
dimethylpyridine-N-oxide and 2-methylpyri-
dine-N-oxide with metal salts morphological
changes of infusoria cells are more pro-
nounced than for the impact of complexes
with organic acids.

Thus, when the impact of the mixture of di-
2-methylpyridine-N-oxide with ZnCl, the
body shape of the cells was pear-like, contrac-
tile vacuole increased and the some cells were
deformed (with elongated and narrowed fore-
body and extended rear body with an enlarged
contractile vacuole, near which other structur-
al elements of the cell were concentrated). The
integrity of the cytoplasmic membrane of cells
was not damaged.

Under the impact of di-2-methylpyridine-
N-oxide complex with Znl, infusoria of differ-
ent shapes were found: pear-shaped, increased
in size with a large contractile vacuole, elon-
gated and flattened laterally, at the bottom
there were infusoria with defective cytoplasmic
membrane.
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The complex of 2-methylpyridine-N-oxide
with CoCl, had a pronounced damaging
effect. Most of the cells were deformed, the
cytoplasmic membrane of the cells was dam-
aged, and the remains of damaged cells and
structural components were observed in the
nutrient medium.

Due to the effect of the mixture of di-2-
methylpyridine-N-oxide with Col,, the shape
of most cells was deformed (oval, round, “sick-
le-shaped”, “cone-shaped). There were cells
with signs of atrophy, in some cells there was a
protrusion of the cytoplasm and the integrity
of the cytoplasmic membrane was damaged.

Due to exposure to the complex of
2-methylpyridine-N-oxide with MnCl, infu-
soria body shape was mostly elongated, there
were cells of “sickle-like” and rounded shapes.
Cells with cytoplasmic release into the nutrient
medium and with cytoplasmic membrane
damage were observed.

The effect on infusoria of the complexes of
di-2,6-dimethylpyridine-N-oxide with ZnCl,,
as well as of di-2-methylpyridine-N-oxide with
Col,, was characterized by a significant change
in the body shape of most cells. The body shape
of the infusoria was deformed (flattened, elon-
gated, cylindrical), the cytoplasmic membrane
looked tortuous, and some cells had signs of
dehydration. The damage to the integrity of the
cytoplasmic membrane of cells, cytoplasmic
emissions and cell contents emissions into the
nutrient medium were recorded. The contrac-
tile vacuole was without any inclusions.

Due to the effect of the complex of di-2,6-
dimethylpyridine-N-oxide with Znl,, infuso-
ria also were of a different shape (pear-shaped,
elongated, rounded, horseshoe-shaped). The
contractile vacuole was without any inclusions.
The vesiculation of cytoplasm, cytoplasm
emission in nutrient medium and damage to
the integrity of the cytoplasmic membrane of
cells were detected.

Complex of di-2,6-dimethylpyridine-N-
oxide with CoCl, in most cells caused form
deformation, damage to the integrity of the
cytoplasmic membrane, vesiculation of cyto-
plasm and its release into the nutrient medi-
um; damaged infusoria and the remains of the
structural components of cells were observed.

As can be seen in Fig. 4, there was likely
reduction in the the speed of movement of
infusoria under the impact of all complexes
with methyl derivatives of pyridine-N-oxide
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with metal salts in all concentrations studied, At the lowest concentrations corresponding
except for the complex of 2-methylpyridine- to LC,, the least expressed changes in the
N-oxide with Znl,. The severity of the effect speed of movement of infusoria were identified
depended on the active concentration of the under the impact of complexes of di-2,6-
test substance. dimethylpyridine-N-oxide with Znl,, 2-me-
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Fig. 2. Velocity and energy consumption per a unit of a path of motion of Tetrahymena pyriformis W
infusoria under the influence of methyl derivatives of pyridine-N-oxide and their complexes with
organic acids (* — P £ 0.005):

1 — 2-methylpyridine-N-oxide,

2 — 2-methylpyridine-N-oxide with succinic acid,

3 — di-2-methylpyridine-N-oxide with succinic acid,

4 — 2.6-dimethylpyridine-N-oxide,

5 — 2.6-dimethylpyridine-N-oxide with succinic acid,

6 —di-2.6-dimethylpyridine-N-oxide with succinic acid,

7 — 2.6-dimethylpyridine-N-oxide with maleic acid.
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Fig. 3. Morphostructural changes in Tetrahymena pyriformis W infusoria under the influence of methyl
derivatives of pyridine-N-oxide and their complexes with salts of metals at concentrations correspon-
ding to LCs.(1 — increased vacuole, 2 — elongated body in the shape f proboscis, 3 — damaged mem-
brane (dehydrated cell), 4 — cytoplasm and vacuole emission, 5 — destroyed cells)

thylpyridine-N-oxide with MnCl,, 2-me-
thylpyridine-N-oxide of CoCl,, di-2-me-
thylpyridine-N-oxide with Znl, and Col,, and
the most expressed under the influence of
complexes of di-2,6-dimethylpyridine-N-
oxide with ZnCl, and of di-2-methylpyridine-
N-oxide with ZnCl,.

At concentrations corresponding to LCg,
the least pronounced decrease in the velocity
of infusoria was due to the effect of complexes
of di-2,6-dimethylpyridine-N-oxide with
Znl,, di-2-methylpyridine-N-oxide with
ZnCl, and 2-methylpyridine-N-oxide with
CoCl,, and the most pronounced decrease in
the speed of movement was under the influ-
ence of complexes of di-2,6-dimethylpyri-
dine-N-oxide with ZnCl,, di-2,6-dimethyl-
pyridine-N-oxide with CoCl,.

At these same concentrations increase in
movement energy consumption was not
expressed, major changes were observed under
the impact of complexes of 2-methylpyridine-
N-oxide with MnCl,, di-2,6-dimethylpyri-
dine-N-oxide with Znl,. Under the influence
of di-2-methylpyridine-N-oxide complex with
Znl,, unlike other complexes, decrease in
movement energy consumption was observed.

Under the influence of average lethal con-
centrations of the studied complexes of methyl
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derivatives of pyridine-N-oxide with metal
salts, the decrease in the speed of infusoria
ranged from 47,1% to 77,0% and was most
pronounced in di-2,6-dimethylpyridine-N-
oxide with ZnCl,, 2-methylpyridine-N-oxide
with CoCl, and di-2,6-dimethylpyridine-N-
oxide with CoCl,. The increase in energy con-
sumption per a unit of a path of motion ranged
from 40,0% to 90,2% and was most pro-
nounced under the influence of the complexes
of di-2-methylpyridine-N-oxide with ZnCl,,
di-2,6-dimethylpyridine-N-oxide with ZnCl,,
di-2,6-dimethylpyridine-N-oxide with Znl,,
2-methylpyridine-N-oxide with CoCl, and 2-
methylpyridine-N-oxide with MnCl,, di-2,6-
dimethylpyridine-N-oxide with CoCl,. For
the complexes of di-2-methylpyridine-N-
oxide with Znl, and with Col, a decrease in
energy consumption per a unit of a path of
motion was observed.

As it was discovered in previous studies [20]
and is shown in Fig. 2 and Fig. 4, 2-
methylpyridine-N-oxide, 2,6-dimethylpyri-
dine-N-oxide and their complexes with organ-
ic acids and metal salts are characterized by an
increase or decrease in the frequency and
speed of movement of infusoria, which reflects
the response of cells to a chemical factor. The
frequency and speed of infusoria under the
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Fig. 2. Velocity and energy consumption per a unit of a path of motion of Tetrahymena pyriformis W
infusoria under the influence of methyl derivatives of pyridine-N-oxide and their complexes with metal

salts (* — P £ 0.005):

8 — di-2-methylpyridine-N-oxide with ZnCl,,

9 — di-2-methylpyridine-N-oxide with Znl,,

10 — 2-methylpyridine-N-oxide with CoCl,,

11 — di-2-methylpyridine-N-oxide with Col,,

12 — 2-methylpyridine-N-oxide with MnCl,,

13 — di-2.6-dimethylpyridine-N-oxide with ZnCl,,
14 — di-2.6-dimethylpyridine-N-oxide with Znl,,
15 — di-2.6-dimethylpyridine-N-oxide with CoCl,

impact of the researched methyl derivatives of
pyridine-N-oxide and their complexes with
organic acids reduced only at concentrations
corresponding to LCs,, under the influence of
complexes of methyl derivatives of pyridine-
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N-oxide with metal salts — in all studied con-
centrations with a maximum effect at average
lethal concentrations. Differences in energy
consumption per a unit of a path of motion are
also discovered. Under the influence of 2-
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methylpyridine-N-oxide, 2,6-dimethylpyri-
dine-N-oxide and their complexes with organ-
ic acids an increase in energy consumption for
infusoria movement with the greatest effect in
average lethal concentrations. Complexes of
methyl derivatives of pyridine-N-oxide with
metal salts did not increase this indicator as
significantly as complexes with organic acids,
and under the exposure to complexes of di-2-
methylpyridine-N-oxide with Znl, (at 2 high-
er concentrations) and with Col, (at the aver-
age lethal concentration) there was a decrease
in movement energy consumption.

Compared to the complexes of methyl
derivatives of pyridine-N-oxide with organic
acids, complexes with metal salts demonstrate
a significant reduction in the speed of move-
ment of infusoria and energy consumption for
movement which indicates a more toxic effect
of the latter.

Impact on morphostructures of infusoria of
methyl derivatives of pyridine-N-oxide and
their complexes with organic acids and salts of
metals is characterized by a change in shape
and impaired osmoregulation of cells, increase
of contractile vacuole, vesiculation, damage to
the integrity of the cytoplasmic membrane,
cytoplasm and structural elements of cells
emissions into a nutrient medium. However,
under the influence of complexes of methyl
derivatives of pyridine-N-oxide with salts of
metals a change of body shape of infusoria and
destructive changes occur more often than in
complexes of methyl derivatives of pyridine-
N-oxide with organic acids. It should be men-
tioned that “sickle-like” body shape of infuso-
ria and rapid clockwise movement of these
cells was unique to 2-methylpyridine-N-oxide
and its complexes with organic acids and salts
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MOP®O-OYHKI[IOHATbHI 3MIHH KJIITHH TH®Y30PIH TETRAHYMENA PYRIFORMIS W
34 BIUIUBY PETYJIATOPIB POCTY POCJIHH — IIOXITHUX N-OKCHJ] IIIPH]THHY
O.II. Baceupka
JII «Haykosuii uenmp npeeeHmueHoi mokcuxonoeii, xap4oeoi ma ximiunoi 6e3nexu
imeni akademika JI.1. Medseds MO3 Ykpainu», m. Kuie, Yxpaina

PE3FOME. Mema. Busnauumu mopgonoeiuni aminu inghysopiii Tetrahymena pyriformis W 3a eocmpoeo énaugy desicux peeyasmopie
pocmy pocaur (PPP) — noxionux N-okcud nipudury ma 3icmagumu ix 3 yHKUIOHAAbHUMU NOPYUEHHAMU KAIMUH.

Mamepiaau ma memodu. Y pobomi suxopucmani N-okcuo-2-wemunnipudun, N-oxcud-2,6-0umemunnipudun ma ix KomMnaexcu 3
OpeaHIMHUMU Kucaromamu (0ypuimunoeor, mManeinoeor) aoo coaamu memanie (ZnCl,, Znl, CoCl, MnCl,) (6cvoeo 15 peuosun),
cunmesoeanux 6 Incmumymi 6Gioopeaniunoi ximii ma wagmoximii HAH Ykpainu. Iocaiddcenus nposedeni Ha iHgy3opisx
Tetrahymena pyriformis W 6 isomokcuunux doszax — na pieni mokcuunux xouyenmpauii — JIKsy, JIK 4 i neditowux Konuenmpauii
(JIK ;). Mopghonoeiuni 3minu Kaimun inghy3opiii oyintoeanu 8i3yansho 3a 00N0MO20H0 c8ima06020 mikpockony. [lopywenns cmpykmy-
pu iHQy30piil nopieHI06an 3 QYHKUIOHANLHUMU 3MIHAMU KAIMUH (DYX080I0 AKMUBHICIIO MA eHepeeMUYHUM CMAHOM), OMPUMAHUX
¥ MoMy Jic eKchepumeHmi.

Pesyavmamu ma eucrnoexu. [lokazaro, wjo N-okcud-2-memuanipuoun, N-oxcuo-2,6-dumemusnipudur ma ix komniexcu 3 opea-
HiuHUMU Kucaromamu (6ypulmunosor, Maneinoeor) abo coramu memanie (ZnCly, Znl,, CoCl,, MnCly) euxaukaroms pyHKyioHANbHI
ma mopgocmpykmypHi 3minu ingy3opiii, cmyninb aKux 3asexcums 8id ditowoi konuenmpauii. [lopyuernns mopgocmpykmypu inghy-
30pitl 3a énaugy docaiowcenux PPP xapaxmepusyomocs 3MiHOW (opmu, 30i1bUieHHIM CKOPOUYBANbHOI 8AKYONI, 8e3UKYAAUIEI0,
NOUKO00MNCEHHSIM UiniCHOCMI UUMONAA3MAMUYHOT 000A0HKU, BUKUOAMU YUMONAA3IMU | CMPYKMYPHUX eAeMeHMI6 KAIMUH Y JICUBUAb-
He cepedosuuie.

Komnaexcu memunvrux noxionux N-oxcud nipudury 3 corsimu memanie y 00CAioNceHux KOHYEHMPauisx 3HUNICYIOMb WeUOKicmb pyxy
i nidsuwyroms eumpamu emepeii Ha pyx, eUKAUKAIOMb 3MIHU N08eOIHKOBUX peakyill i cmpykmypu Kaimun Oiavut, Hixe N-okcuo-2-
memuanipudur, N-okcuod-2,6-0umemusnipudun ma ix Komniexcu 3 opeaniynumu Kuciomamu. Hatigupadgiceniui sk hyHKyioHanwui,
mak i mopgpoaoeiuni 3minu ingy3sopiii 3a enaugy docaioxcenux PPP idbysatomocs 6 konuenmpauisx eionosionux JIKs. Y menuwux
KOHUEHMPayiax cnocmepieantcy aMinu QyHKuioHanvHoi akmuerocmi ingyysopiil. CnigcmasneHHs OmpumManux QyHKUioHanbHux i Mop-
ocmpyKmypHUX NOKA3HUKI6 cmaHy iHQY30piil c8iduums, o KoMRACKCU MemUuAbHUX noxionux N-okcud nipuduny 3 corsmu memanie
YUHAMb MOKCUYHY 0it0 Ha iHGY30pii Oinvlte, Hidc KOMPACKCU MEMUAbHUX NOXIOHUX N-0Kcud nipuduny 3 opeaniyHumMu KucAomamu.
SHuxceHHs pyx08oi akmueHocmi ma 30inblieHHs eHepeoBUMPAam Ha OOUHULI0 WASXY PYXY, PA30M 3 MOPGOAOIMHUMU 3MIHAMU CIPYK -
mypu KAimuH, € 00HUM 3 Kpumepiie mokcu4Hocmi KceHobiomukie das iHgy30piii ma oyiHKu iXHbOI HCUMMEIOAMHOCHII.

Karouoei caosa: memunvhi noxioni N-oxcuo nipuouny, Tetrahymena pyriformis W, mopgho-gyHiuionanvi aminu.

MOPDO-OYHKITHOHAJTBHBIE U3MEHEHHA KIIETOK HH®Y30PHH TETRAHYMENA PYRIFORMIS W
11PU BJIUSTHUH PETYJIITOPOB POCTA PACTEHHH — IIPOU3BOJHBIX N-OKCH][ ITHPHJTHHA
O.I1. Baceukas
Tl «Hayunotii uenmp npeeeHmueHoll MOKCUKO0A02UU, NUWEBOU U XUMUYeCKOl 6e30nacHocmu
umenu akademura JI.U. Meoseds M3 Yipaunwr», e. Kues, Yxpauna

PE3IOME. Ileav uccaedosanuii. Onpedenums mopgonocuueckue usmerenus ungysopuii Tetrahymena pyriformis W npu ocmpom
GAUSHUU HEKOMOPbIX Pe2yAsmopo8 pocma pacmeHnuii — npouseo0nsix N-oKkcud nupuduna u conocmagumo ux ¢ (OYHKYUOHANbHbIMU
HApYWeHUAMU KAeMOK.

Mamepuaavt u memoovt. B pabome ucnonvzogarnsvt N-okcuo-2-wemunanupuoun, N-okcuod-2,6-0umemusnupuoun u ux KOMIACKCbL ¢
OP2aHUMECKUMU KUCAOMAMY (SHMAPHOIL, MAaneuroeoil) uiu coasmu memannos (ZnCl,, Znl, CoCl, MnCly) (6ceco 15 seujecms),
curmesuposannvix 8 Hnemumyme 6uoopeanuyeckoi xumuu u Hepmexumuu HAH Yxpaunv. Hccaedosanus nposedenst Ha ungyso-
pusix Tetrahymena pyriformis W e uzomoxcuueckux dozax — Ha yposre moxcuunuix (JIK sy, JIK ;5) u nedeticmeyrouux konyenmpayuii
(JIK,)). Mopgonroeuueckue uzmenenus kaemoxk UH@y30puil OUueHuBaNU 8U3YANLHO ¢ NOMOWbIO C8em06020 Mukpockona. Hapyuwenue
CMpPYKmYypol UHQY30pULl CPAGHUBANU C (PYHKUUOHAABHBIMU USMEHEHUSMU KACMOK (08U2amMebHOll AKMUBHOCHIBIO U IHEPLEMUYECKUM
COCMOSIHUEM), NOAYHEHHbIX 68 MOM Jice IKCnepuMeHme.

Pesyavmamot u evi600v1. [lokazarno, umo N-oxcud-2-memusnupudut, N-oxcuo-2,6-0umemusnupuoun u ux KOMnAeKCol ¢ 0peaHu-
yeckumu Kuciomamu (SHMapHoil, Mareurosoil) uiu cosamu memannoe (ZnCl,, Znl, CoCl,, MnCl,) bi3bi6arom QyHKUUOHANbHbIE
U MOpocmpykmypHbie UMeHeHUs UHQY30pUil, cmeneHb KOmopbix 3asucum om delicmeyioujeli Konyenmpauuu. Hapyuwenue mop-
onoeuneckoi cmpykmypol uH@y30puil npu eausHuu ucciedosannbix PPP xapakmepusyemces uzmenenuem Qopmol, yseauveHuem
COKPAMUMenbHoil 8aKyoalU, 6e3uKyaauuei, nospescoeruem yeaoCmHOCHU UUMONnAA3MAMu4eckoll 000404Kl, 6bI0POCAMU UUMO-
NAA3MbL U CIPYKMYPHBIX INEMEHIN08 KAeMOK 8 NUMAMENbHYIO CPedy.

Komnnercol memunbhoix npousso0rsix N-okcud nupuouna ¢ corsmi Memanios 8 uccie008aHHbIX KOHUCHMPAYUSX CHUNICAIOM CKO-
pocmb d8udIcerUs U ROBIULAIOM PACX00 IHepeUU Ha OBUIICEHIE, BbI3bIBAIOM UBMEHeHUs N0BeOeHHeCKUX PeaKyuUll U CMPYKmypbl Kae-
MoK 6 bonbuueii cmeneru, vem N-okcuo-2-wemunnupuour, N-oxcuo-2,6-0umemuanupuoun u ux KOMARACKCbL C OP2AHUMECKUMU KUC-
nomamu. Haubonee svipasicennble KaK QyHKUUOHAAbHbIE, MAK U MOPGOA0UECKUe UBMeHeHUs UHPY30pUll NPU BAUSHUU UCcAe)o-
sanuvix PPP npoucxoosm 6 konuenmpayusx coomeemcmeyiowux JIKsy, B MeHbuux KoHUeHmpayusx Habao0aiuco usMeHeHus
dyuryuonanvoii axmusrocmu ungysopuii. Conocmagienue noayMeHHbIX GYHKUUOHAAbHbIX U MOPHOCMPYKMYPHBIX HOKA3amenel
COCMOSIHUS UH(DY30pULl C8UOemeNbCmBYem, YMo KOMAACKCbl MeMUAbHbIX NPOU3B00HbIX N-0KCUO NUpuouHa ¢ coasmu Memanios
0Ka3bl8alom mokcueckoe deticmeue Ha UHQy30puu 6 6oabuieil cmeneHl, Yem KOMNACKCbl MeMUAbHbIX npou3so0Hbix N-okcud nupu-
ouna c opeanuveckumu kucromamu. CHudiCeHUe 08UAMENbHOU AKMUBHOCIU U YEeAUYeHUe IHEP03AMPAm HA eOUHULY Nymu 06U~
JICeHUs, Mecme ¢ MOPHOA0RUMECKUMU UBMEHEHUAMU CHPYKIMYDPbl KACHOK A6A5eMCs 00HUM U3 Kpumepues MoKCUMHOCHU KCeHOOUO-
muKo6 045 UHGY30pUil U OUEHKU UX JCUZHECHOCOOHOCIL.

Karouegvie caosa: memunvhoie npoussoonsie N-okcuo nupuduna, Tetrahymena pyriformis W, mopho-gyHKuuonanvHvle usmeneHus.
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