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ABSTRACT. The combined action of pesticides is one of the problems of toxicology, because in comparison to individual active sub-
stances, their mixtures can increase toxicity and delayed action effects, which is a risk to human health. It is known that plant growth
regulators (PGR) when applied together with pesticides help fo reduce the quantitative rates of pesticides applied, the accumulation of
pesticides and heavy metals in plants, reduce the acute toxicity of xenobiotics. The combined effect of the prolonged admission of PGRs
and pesticides is an unexplored area, and it is an important issue in preventive toxicology.

The Aim of the Research. Determination of the nature of toxic effects of Chlorpyrifos and “Ivin” combined action at subchronic oral
admission.

Materials and Methods. Chlorpyrifos and PGR “Ivin” (2.6-dimethyl-N-pyridine oxide) combined action was studied on male Wistar
Han rats. Substances were administered orally, via a feeding tube for 13 weeks; Chlorpyrifos was administered in the form of an aqueous
emulsion with an auxiliary material OP-10 at a dose of 5 mg/kg (1/15 LDsy), “Ivin” — in the form of an aqueous solution at a dose of
13 mg/kg and 0.013 mg/kg (1/100 and 1/100000 LD, respectively), the control group of rats was given water with an auxiliary mate-
rial OP-10. Signs of intoxication were recorded, body weight was measured in 4, 9 and 13 weeks, biochemical indicators of blood serum
were determined (the activity of ALT and AST enzymes and alkaline phosphatase; the content of crude protein, urea, cholesterol,
triglycerides and glucose were determined using kits of reagents by BioSystems (Spain); cholinesterase (ChE) activity in serum, red
blood cells and brain tissue was determined with the use of methodology by Hesrtin S. using a kit of reagents produced by LLC NPP
Filisit- Diagnostics (Ukraine).

Results. No clinical signs of intoxication were detected in the experimental groups of rats. Under the isolated use of Chlorpyrifos a signif-
icant decrease in body weight, ChE inhibition activity in all bio substrates, with the greatest effect in the brain (by 48.8%); increase (after
9 and 13 weeks) in the activity of ALT and AST by 26.7-32.6%, 12.5-12.0%, a slight but a significant increase in the level of urea and
glucose in blood serum to 17.3% and 17.6 %, respectively was detected. Under the combined action of Chlorpyrifos and “Ivin” in specified
doses the body weight of rats was at control level, decrease of ChE activity was observed in all biological substrates and was at nearly the
same level with the isolated use of Chlorpyrifos. There was a tendency towards the decline in ChE inhibition activity in brain tissue, and
under the combined action of Chlorpyrifos with “Ivin” at higher doses after 4 weeks this effect was a significant (22.15%, p < 0.05).
Conclusions. Chlorpyrifos under the isolated oral admission for 13 weeks has a weak hepatotoxic effect, as evidenced by the increase in
cytolysis enzymes and urea levels in serum and causes a moderate anticholinesterase effect. “Ivin” under combined with Chlorpyrifos
admission to the organism eliminates the hepatotoxic effects of Chlorpyrifos and reduces its anticholinergic effects in brain, which con-
tributes to a less severe infoxication.
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Introduction. A special group of chemicals —
pesticides — are one of the factors of influence
on the human body. They are used for different
purposes and under certain conditions may
increase the risk of negative changes in the
environment and human health. Therefore the
prevention of risk of such influence of pesti-
cides on the environment and human health is
one of the important issues in modern preven-
tive toxicology.

Among the steps to be taken to prevent
adverse effects on humans and the environ-
ment are the identification of harmful effects
of pesticides on the body, determination of risk
levels and sound scientific basis for the allow-
able daily dose (ADD) of pesticides for
humans, toxicological and hygienic regula-
tions for pesticides in food, water, air, soil.
However, you cannot always predict all the
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characteristics of the biological effect of pesti-
cides on the body, of their biotransformation
and impact on the environment, which can
cause the contamination of water, soil, air and
inflict harm for human health.

Certain measures may reduce the pressure
of pesticides on the environment and human.
New chemical plant protection products,
which are less toxic and have lower persistence
rates in the environment, or selective pesti-
cides with more prolonged protective action
and lower rate of consumption, should be
developed. Combined application of plant pro-
tection products and tank mixtures allows not
only to reduce the consumption rate of a single
pesticide, but also due to greater range and
duration of protective action of drugs, allows to
reduce the number of treatments, which looks
also promising in the regard of pesticides pres-
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sure reduction. However, among negative con-
sequences of their use, in comparison to the
use of individual active substances, there may
be an increase in acute and chronic toxicity,
mutagenic activity and embryo toxicity of
combined drugs for animals, humans [1-12]
and non-target environmental objects [13-15],
thus more rigorous toxicological and sanitary
research and adequate assessment of their
harmful effects on the organism is required.

Promising in this area of research is the
study of the nature and mechanisms of the
combined action of pesticides and plant
growth regulators (PGR), which are applied in
agricultural practice. A number of scientific
papers [16-19] showed that the use of pesti-
cides alongside with PGRs based on methyl
derivatives of N-oxide pyridine makes it possi-
ble to significantly reduce the consumption of
pesticides (up to 50%) without reducing the
protective effect, reduce the accumulation of
pesticides and heavy metals in plant products
and get cleaner agricultural products.

We proved [20, 21] that the combined single
exposure to some active substances of pesti-
cides and PGRs based on methyl derivatives of
pyridine N-oxide significantly reduces the
acute toxicity of pesticides of different chemi-
cal groups, as well as the anticholinesterase
effect of organophosphorus substances. It is
believed that these effects may be associated
with antioxidant and membrane-stabilizing
action of PGRs.

Combined action of PGRs and pesticides at
prolonged admission to the organism has not
been studied yet. Therefore it is an important
issue for preventive toxicology to study the
effect of pesticides and PGRs under combined
prolonged admission to the organism, to
determine the nature of the combined action
and, if necessary, to develop preventive meas-
ures to minimize their harmful effects on
humans.

The Aim of the Research. Determination of
the nature of toxic effects of Chlorpyrifos and
“Ivin” combined action at subchronic oral
admission.

Materials and Methods. Technical insecti-
cide Chlorpyrifos (97.0% purity) and growth
regulator “Ivin” technical (99.5% purity) were
used in the studies. Chlorpyrifos by its chemi-
cal structure is referred to organophosphorus
compounds (0.0-Diethyl-O- (3,5,6-trichloro-
2-pyridinyl) phosphothioate); “Ivin” — to
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methyl derivatives of N-oxide pyridine (2.6-
dimethyl-N-oxide pyridine). Both substances
are widely used in the agricultural practices in
Ukraine [22].

The toxicodynamics of the combined action
of Chlorpyrifos and “Ivin” was studied under
the conditions of oral administration to Wistar
Han rats for 13 weeks, in accordance with
OECD 408 (OECD Guideline for the Testing
of Chemicals: #408 “Repeated Dose 90-day
Oral Toxicity Study in Rodents”, 1998). The
research was conducted in accordance with the
principles of bioethics and the requirements on
humane treatment of animals (European
Convention for the Protection of Vertebrate
Animals Used for Research and Other
Scientific Purposes, 1986).

Since sex-related sensitivity to the test sub-
stances is not observed, following the princi-
ples of bioethics, studies were performed on
male rats. The experiment involved 60 male
Wistar Han adult rats with SPF status (specific
pathogen free). The animals were obtained
from the nursery of “L.I. Medved Research
Centre of Preventive Toxicology, Food and
Chemical Safety, MH Ukraine” and after five
days of acclimatization were divided into
4 groups. Control group (1) and experimental
groups (2, 3, 4) consisted of 15 animals each.
Within the period of 13 weeks (5 days a week)
the rats were fed on an empty stomach via a
feeding tube with Chlorpyrifos in the form of
an aqueous emulsion with an auxiliary materi-
al OP-10 at a dose of 5 mg/kg (1/15 LDs)
(group 2), control group animals were given
distilled water with OP-10 in the same volume.
Animals from groups 3 and 4 were given
Chlorpyrifos at a dose of 5 mg/kg and “Ivin” at
doses of 13 mg/kg or 0.013 mg/kg (1/100 and
1/100000 LDs, respectively). The choice of the
dose of Chlorpyrifos (5 mg/kg) was based on
its specific anticholinergic action, the influ-
ence of which at subchronic oral admission by
male rats showed the inhibition of the activity
of cholinesterase (ChE) in the blood at 42%,
and under the conditions of chronic exposure
the inhibition of ChE activity in blood plasma
was observed up to 93%, in erythrocytes — up
to 34 % and in brain tissue — up to 58%, indi-
cating a moderate toxicity [23]. Based on the
principles of bioethics on the protection of ver-
tebrates, the isolated effect of “Ivin” was not
studied, because the selected doses of “Ivin”
13 mg/kg and 0.013 mg/kg are non-toxic to
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rats, but can reduce lipid peroxidation and
have a membrane-stabilizing effect [20].

Experimental animals were examined daily.
Changes in behaviour, signs of intoxication,
death of animals were considered. Body weight
was recorded once a week and dose adjustment
of tested substances was performed according
to body weight. For biochemical studies, blood
was drawn from the femoral vein of rats with
prior anaesthesia with carbon dioxide. Blood
was collected into centrifuge tubes. To obtain
serum, the blood was centrifuged in Elmi CM-
6M centrifuge for 10 minutes at 1500 rpm.

To determine the nature of the combined
action of Chlorpyrifos and “Ivin” in the
dynamics (in 4, 9 and 13 weeks of exposure) the
activity of cytolysis enzymes alanine amino-
transferase (ALT) and aspartate aminotrans-
ferase (AST), as well as alkaline phosphatase
(ALP), the content of crude protein, urea, total
cholesterol, triglycerides and glucose in the
serum was assessed. The study was performed
at a biochemistry analyzer Vitalab Flexor E
with a kit of reagents by BioSystems, Spain.

Since butyrylcholinesterase (EC 3.1.1.8,
BCHE) and acetylcholinesterase (EC 3.1.1.7,
ACHE) are informative biomarkers of
Organophosphorus compounds effects [24,
25], the specific action of Chlorpyrifos and its
combinations with “Ivin” was determined by
the activity of BCHE in blood serum, by the
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activity of ACHE in erythrocytes and brain tis-
sues with the use of methodology by Hesrtin S.
[26] using a kit of reagents produced by LLC
NPP Filisit-Diagnostics, Ukraine.

Statistical processing of research results was
performed by standard methods of variation
statistics using Student's t-test [27]. Arithmetic
mean (M), non-sampling error (m), Student's
t-test criterion and probable differences in
obtained results (P) were calculated.

Results and Discussion. Under the sub-
chronic oral isolated action of Chlorpyrifos
and combined action of Chlorpyrifos and
“Ivin” on male Wistar Han rats in the studied
doses no clinical symptoms of intoxication,
death of animals were observed at all observa-
tion times. The behaviour of the animals in
experimental groups did not differ from those
in control group. Food and water consumption
were identical to the control group.

The dynamics of animal body weight is
shown in the Figure, which shows that under
the isolated influence of Chlorpyrifos in weeks
4-8 there was a significant decrease in body
weight of rats with the greatest effect at week
4 (10.41%). The weight gain of the animals
after weeks 4 and 8 reduced by 21.1% and 9.6%
respectively (P < 0.05). Body weight and its
gain measurements under the combined action
of Chlorpyrifos and “Ivin” on rats at different
doses did not differ from the control group.
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Fig. Dynamics of body weight of male rats under combined subchronic oral admission of Chlorpyrifos
and “Ivin” (n = 15 for 0—4 weeks, n = 10 for 5—8 weeks, n = 5 for 9—13 weeks).
Notes: n — number of animals in the group; * — P < 0.05.
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The results of studies of biochemical
parameters of blood serum under the isolated
action of Chlorpyrifos and under the com-
bined action of Chlorpyrifos and “Ivin” in a
subchronic experiment are given in Table 1.

As can be seen in Table 1, under the isolated
action of Chlorpyrifos at a dose of 5 mg/kg of
body weight per day after 4 weeks of studies, a
significant increase in of urea and glucose lev-
els in blood serum by 9.9% and 16.6% respec-
tively was observed. At week 9 of studies, a sig-
nificant increase in the activity of cytolysis
enzymes (ALT and AST) by 26.7%, 12.5%; of
urea and glucose levels by 17.3% and 17.6% in
blood serum respectively was observed. After
13 weeks, there were similar changes in these
indicators: a significant increase in the activity
of ALT, AST; urea and glucose levels in blood
serum by 32.6%, 12.0%, 14.3% and 13.7%
respectively. During the whole research period
the decrease tendency in the content of cho-
lesterol with the greatest effect at the end of
research by 15.8% was observed.

Reduced ChE inhibition activity (Table 2)
occurred during the whole period of the
research in all biological substrates. ChE inhibi-
tion in serum after weeks 4, 9 and 13 was 34.10 %;
29.61 % and 41.29%, in erythrocytes — 39.28
%; 42.12% and 45.54 %, in the brain —
48.86%, 43.49 % and 43.64% respectively.

As can be seen from the given above data,
Chlorpyrifos at a dose of 5 mg/kg causes ChE
inhibition in all studied bio substrates with the
greatest effect in erythrocytes and brain.
Regarding the severity of anticholinergic effect
caused by Chlorpyrifos at a dose of 5 mg/kg,
the obtained data correspond to the referred
data [23] and show that for its specific action
Chlorpyrifos causes weak functional cumula-
tion. Not expressed, but stable changes
occurred in the activity of the enzymes of
transamination of amino acids ALT and AST,
in the content of urea and glucose, indicating a
weak hepatotoxic effects and carbohydrate
metabolism.

Under the combined action of Chlorpyrifos
at a dose of 5 mg/kg and “lIvin” at a dose of
13 mg/kg probable changes in the activity of
ALT and AST aminotransferases and content
of glucose in blood serum in comparison to the
control group were not observed, an increase
in urea in blood serum after 9 and 13 weeks was
16.7% and 18.52% respectively. In comparison
to the isolated action of Chlorpyrifos after
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4 weeks there was a significant decrease in the
content of urea in blood serum by 9.6%, as well
as after 13 weeks — an increase in cholesterol
by 34.5%. The data obtained indicate that
“Ivin” contributes to the normalization of
changes in these indicators caused by
Chlorpyrifos.

The decrease in ChE activity in blood
serum and erythrocytes was almost at the level
with isolated exposure to Chlorpyrifos, but
slightly less in brain. ChE inhibition in blood
serum under the combined action of tested
substances in 4, 9 and 13 weeks was 24.87%,
24.54 % and 43.76%; in erythrocytes —
27.60%, 40.32% and 40.04%; in the brain —
26.71%, 29.19% and 36.13 % respectively.

In comparison to the isolated action of
Chlorpyrifos, under the combined action of
Chlorpyrifos and “Ivin” the inhibition of the
ChE enzyme after 4, 9 and 13 weeks was in the
serum: less by 9.23%; 5.07% and more by
2.47% respectively; in erythrocytes — less by
11.68%; 2.0% and 5.50% respectively; in the
brain — less by 22.15 % (P < 0.05), 14.30% and
7.51%. As seen from the above data, under the
combined admission to the body of rats of
Chlorpyrifos and “Ivin” significant differ-
ences in the activity of the ChE, compared to
the isolated impact of Chlorpyrifos, were
observed in the brain after 4 weeks of research.
This may indicate that under the combined
influence of Chlorpyrifos and “Ivin”
Chlorpyrifos probably breaks through the
blood-brain barrier to the target of the biolog-
ical action of acetylcholinesterase more slowly
during this period.

Under the combined action of Chlorpyrifos
at a dose of 5 mg/kg and “Ivin” at a dose of
0.013 mg/kg no significant alteration of the
activity of ALT, AST and glucose content in the
blood serum, compared to the control group
was also observed. The increase in the level of
urea in the blood serum was registered at all
stages of the research at the level with the iso-
lated action of Chlorpyrifos. In comparison to
the isolated action of Chlorpyrifos after
13 weeks there was a significant increase in
alkaline phosphatase activity by 14.5% and
serum cholesterol by 28.07%, but the changes
in these indicators did not differ significantly
from the control ones.

The decrease in ChE activity was observed
in all bio substrates and was almost at the same
level with the isolated action of Chlorpyrifos,
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Table 1
Biochemical parameters of blood serum of male rats under the combined subchronic oral exposure to
Chlorpyrifos and “Ivin” (n = 5)

Dose, mg/kg
. Chlorpyrifos
. Chlorpyrifos
Parameters Researcl;(terms Chlorpyrifos (Smg%g) + (5 mg/kg) +
(weeks) Control (5 mg/kg) STrin® Tvin”
i (13 mg/kg)
(0.013 mg/kg)
4 3804007 | 3514017 | 4074027 | 4.00+0.28
ALP, 9 3874008 | 3674019 | 371+0.11 373+ 0.10
pmol/ s.L.
13 3.63+0.11 3244014 | 3714009« | 3.59+0.13
4 0434002 | 053+004 | 047001 0.48 + 0.03
ALL 9 0454002 | 057+£003% | 0474004 | 048001
mmol/Lh
13 046001 | 0.61+0,04* | 049+0.03 | 0.50*0.02
4 0724003 | 081+004 | 0774004 | 0.76+0.03
AST, 9 0814003 | 091+003* | 08+004 | 0.87+0.03
mmol/L.h
13 0914002 | 1.01+£003* | 095+004 | 0.99+0.04
4 68.85+080 | 6889+ 1.10 | 64.73+247 | 6502+ 181
Cmdegf/’f"tem’ 9 6548 £0.76 | 68.67+£236 | 68.17+1.51 | 67.09+1.29
13 63.84+093 | 6747+2.80 | 65224229 | 60.12+3.82
4 7314024 | 803£0.16* | 7.97+0.13*% | 7.26 +0.16
Urea, 9 706019 | 828+0.19% | 844+023* | 824+0.19*
mmol/1
13 826+018 | 944+023* | 967+0.18% | 979+ 023 *
4 2.09 + 0.06 1994023 | 2224006 | 223+0.14
Cholesterol, 9 1.84 % 0.06 1.75 + 0.10 2.02 4 0.15 1.91+0.14
mmol/1
13 2.03+0.12 1712015 | 2.1940.13 = | 2.30 £0.20
4 066+004 | 063+005 | 068+008 | 0.71+0.07
Triglycerides, 9 063+003 | 054+005 | 062+007 | 0.54+0.09
mmol/I
13 0714005 | 059+004 | 071+008 | 0.67+0.06
4 3554017 | 414+019% | 3724021 3.92+0.18
Glucose, 9 3874019 | 455+016*% | 406+024 | 440+0.22
mmol 1
13 3834012 | 440+0.14% | 418+0,17 | 42240, 14

Notes: n — number of animals in the group; * - P < 0.05 in relation to the control;
* - P < 0.05 in relation to Chlorpyrifos.
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Table 2

Activity of cholinesterase in some biological substrates of male rats under combined subchronic oral
admission of Chlorpyrifos and “Ivin” (n = 5)

Dose, mg/kg
Research . Chlorpyrifos
. Chlorpyrifos
Parameters terms Chlorpyrifos (5m })lzr )+ (5 mg/kg) +
Control (5 mg/kg) g/%8 *Tvin”
(WCEkS) 8/Kg “Tyin”
0.013mg/kg) | (13 me/ke)
4 72.82+1.59 | 47.99 £3.23* | 50.18 £2.35* | 54.71 £3.99*
Butyrylcholinesterase
in blood serum 9 69.97 £2.06 | 49.25£2.06* | 48.53 £3.23* | 52.80£2.94*
(BCHE), umol/(h+L)
13 73.36 £2.76 | 43.07 £4.00* | 43.17 £3.65* | 41.26 :4.39*
) 4 77.86 £2.65 | 47.28 +4.88* | 48.81 £ 4.11* | 56.37 = 4.88 *
Acetylcholinesterase
in erythrocytes 9 78.30 +£2.65 | 4532 +2.76* | 4323 +2.82*% | 46.88+3.99*
(ACHE), umol/(h+L)
13 77.86 +2.65 | 42.40 £3.29* | 4393+ 1.65* | 4591 £3.12*
4 347.71 £ 12.35|177.83 £ 14.11*|215.09 & 15.58%|254.82 £ 20.58* »
Acetylcholinesterase
in brain tissues 9 338.94 + 12.35|191.53 £ 16.17*209.34 + 19.99*%| 240.02 + 16.17 *
(ACHE), umol/(h+ L)
13 342.77 £ 9.41 [{193.17 £ 16.17*%|201.94 + 16.46*| 218.93 £ 23.52 *

Notes: n — number of animals in the group; * — P < 0.05 in relation to the control group;

* — P < 0.05 in relation to Chlorpyrifos.

except for the brain, where the ChE activity
was 10.72% higher under the combined action
compared to the isolated action of
Chlorpyrifos.

Thus, the obtained data indicate that “Ivin”
in doses of 13 mg/kg and 0.013 mg/kg allevi-
ates the course of Chlorpyrifos intoxication, as
evidenced by the normalization of body
weight, cytolysis enzyme activity, glucose lev-
els, serum cholesterol, and reduced ACHE
inhibition activity in the brain.

Data on the reduction of ACHE inhibition
in brain tissues under subchronic exposure to
Chlorpyrifos combined with “Ivin” correlate
with previously obtained results on the reduc-
tion of the toxic effect of Chlorpyrifos under
acute sequential action of “Ivin” at a dose of
13 mg/kg 1/100 LDs,) and Chlorpyrifos at a
dose of 75 mg/kg (LDs,) [20]. Thus, as shown
in the paper [20], under the sequential single
oral impact of Chlorpyrifos and “lIvin” in
specified doses the rate of deaths of animals
was lower; cholinergic intoxication symptoms
typical for Chlorpyrifos were not observed.
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ChE inhibition activity in serum, red blood
cells and the brain was less pronounced and
ChE activity recovery was faster than under
the isolated action of Chlorpyrifos.

As can be seen from previously obtained
data [20] under the subchronic isolated oral
action of “Ivin” on rats (at doses of 13 mg/kg
and 0.013 mg/kg) most pronounced reduction
in malondialdehyde (final product of lipid per-
oxidation) in the membranes of mitochondria
of hepatocytes was observed after 1 month of
research, this coincides with a decrease in the
toxic effect during this period under the com-
bined action of “Ivin” with Chlorpyrifos.
Discovered fact demonstrates that the reduc-
tion of the toxic effects of Chlorpyrifos under
the combined action with “Ivin” may be due
to the antioxidant and membrane-stabilizing
properties of the latter, which requires further
research.

Conclusions. 1. Chlorpyrifos in isolated oral
administration for 13 weeks has a weak hepa-
totoxic effect, as evidenced by an increase in
cytolysis enzymes, glucose and urea levels in
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serum and causes a moderate anticholi-
nesterase effect.

2. Ivin under combined admission with
Chlorpyrifos eliminates the hepatotoxic effects
of Chlorpyrifos and reduces its anticholinergic
effects in the brain, which contributes to a less
severe intoxication.
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TOKCHKOIHHAMIKA 34 CYMICHOI 11T XJIOPIIIPH®OCY TA IBIHY IIPH TPHUBAJIOMY
HAJIXO/I’KEHHI JIO OPIAHI3MY
O.II. Baceuypka
JIT «Haykosuii yenmp npegeHmueHoi mokcuxonoeii, xap4ogoi ma ximiunoi 6e3nexu imeni axademixa J1.1. Medseos
Minicmepcmesa oxoponu 300pog'a Ykpainu», m. Kuis, Yipaina

PE3FOME. Kombinosana dis necmuyudie € 00Hi€l0 3 npobaem MOoKCUK0A0eii, 0CKiAbKU 8 NOPIBHAHHI 3 OKpeMUMU OiroUUMU peHosu -
Hamu ix cymiwi Mojcyms cnpusmu nioguueHHo moxkcuyHocmi ma 8iddinenux egexmie 0ii, wjo € pusuxom 045 300p06’s NH0OUHU.
Bidomo, wio pezyasmopu pocmy pocaur (PPP) npu cymicHomy 3acmocy8anti 3 neCmuyudamu cnpusioms 3HUNICEHHIO HOPMU 8UMPam
necmuyuoie, HAKONUYEHHIO iX i 8ANCKUX MeMAAi y POCAUHAX, 3MEHULYIOMb 20CMPY MOKCUUHICMb KceHobiomukie. Kombinosana dis
PPP i necmuyudie npu mpueanomy HaoxoodxceHHi 00 0peanizmy He 00CAiONCeHA, Wo € AKMYaAbHUM 3a60aHHIM NPOPINAKMUHHOT
MOKCUKO0A02I].

Mema docaidncens. 3’scysamu xapaxmep mokcuurozo enaugy Xnopnipugocy ma Isiny 3a ix cymicroi 0ii npu cyoxponiunomy nepo-
DanbHOMY HA0X00xceHHI 00 opeaHizmy.

Mamepiaau i memoou. Cymicna Ois incexmuyudy Xaopnipugpocy i PPP Iginy (2,6-0umemun-N-okcud nipuduny) euguena Ha
wypax-camysx Wistar Han. Pewosunu 660duau nepopanvho, 304dom ynpodosxc 13 mudichie, Xnopnipugpoc — y euenndi 600noi
emyavcii 3 OI1-10'y 003i 5 me/ke (1/15 115y, 16in — y 6uensi 600H020 po3uuny 6 dosax 13 me/ke i 0,013 me/xe (8ionogiono 1/100
i 17100000 J1Lsy), konmponsHiii epyni wypie 660dunu 60dy 3 OII-10. Peecmpysanu o3naku inmokcukayii, yepes 4, 9i 13 muoicnis
susHauany macy mina, Oioximiuni nokasnuku cuposamiu kpoei (axmuericmo pepmenmie AJIT, ACT, ayxcroi oocpamasu, emicm
3a2anbH020 OiNKa, ce108UHU, X0AeCmepury, mpueaiyepudie, eAoKo3u 3 GUKOPUCMAHHIM Habopie peakmusie Gipmu «BioSystems»
(Icnanis), akmuenicmo xoainecmepasu (XE) y cuposamui kposi, epumpoyumax i mKaHUHAx 20408H020 MO3KY 8UHAHANU 3a MeMO-
dom Hesrtin S 3 euxopucmanusim Habopy peaxmusie gipmu «Denicimi», (Yipaina).

Pezyavmamu. Y nidoocaionux epyn wypie KaiHiuHUX 03HAK iHMoKcuKauii He eusenero. 3a i304b08aroi 0ii Xnopnipughocy cnocmepi-
2a10Cb 8ipoeione 3HUNCeHHS Macu mina, ineibysanns axmusrnocmi XE 6 ycix biocyocmpamax, 3 HauGinbuum eexmom y 201086HOMY
mo3ky (na 48,8%), 30invwenns (wepe3 9i 13 muxcnie) axmusnocmi AJIT i ACT na 26,7—32,6%, 12,5—12,0%, nesnaune, ae ipo-
2i0He nideuueHHs piHs cevo8UHUY i eatokosu y cuposamui kpogi do 17,3% i 17,6% eionogiono. Ilpu cymicHiii 0ii Xnopnipughocy ma
lsiny 6 ykazanux dozax maca mina wypie 6yaa Ha pieni KoHmpoAro, 3HUNCeHHs akmusrocmi XE cnocmepieanocs y écix biocyocmpa-
max i 6ya0 npakmu4Ho Ha pieHi i304b08aH020 énausy Xnopnipughocy. Mana micue mendenyis 0o 3meHueHHs iHei0YBAHHS AKMUBHO-
cmi XE 'y mxanunax 201061020 M03KY, a 3a cymicHo2o enaugy Xaopnipughocy 3 leinom y euwyiii 003i yepes 4 muchi ueii echexm 0ys
gipoeionum (22,15%, p < 0,05).

Bucnoexu. Xaopnipughoc npu izonvoeaniii nepopanshiii dii ynpodosac 13 mudicnie wunums caabky eenamomoxcuuty dito, npo wo
cei04Umb nidsuweHHs Gepmenmie uumonizy, pieHs entoKo3u, CeHOBUHY 6 CUPOBAMYI KPOBI, | BUKAUKAE NOMIPHUL aHMUX0AIHeCcHe-
pasHuil eexm. 1gin npu cymicHomy HadxodxcerHi do opeanizmy 3 Xaopnipugpocom Hieenroe eenamomokcuury dito Xaopnipugocy i
3MEHUYE 11020 AHMUX0AIHecmepasHuil eheKkm y 20108HOMY MO3KY, WO CHPUAE Oinbll 1ecKoMy nepebicy iIHmoKcuKkayii.

Karouoei caosa: Xnopnipugoc, Igin, eenamomoxcuuna 0is, anmuxoninecmepastuii eghexm.

TOKCHKOJHHAMHKA ITPH COBMECTHOM JIEHCTBHH XJIOPITHPHDOCA H HBHHA
I1PU JUIMTEJIBHOM IIOCTYILIEHHUH B OPITAHHU3M
O.11. Baceukas
T'TT «Hayunbiii yenmp npeseHmueHoil MoKcuKoa02uu, nuuesoi u xumuueckoi bezonachocmu umenu akademuxa JI. U. Medseos
Munucmepcmea 30pasooxpanenus Yxpaunor, 2. Kues, Yxpauna

PE3FOME. Kombunuposanoe delicmeue necmuyudos aisemcs 00HOU U3 npobaem moKCUKoA02Ul, HOCKOAbKY 8 CDAGHEHUU C
omadenbHbIMU OelicmBYIoOWUMU 8eUleCmeami, Ux cMecu Mo2ym cnocodcmeo8ams NOGbIUEHUI0 MOKCUYHOCIY U 0mAdneHHbiX Apghek -
moe delicmeust, 4mo 1643emcs pUckom 045 300poevs ueaoseka. Mzeecmuo, umo peeyasmopsi pocma pacmenuii (PPP) npu coemecm-
HOM RPUMEHEHUU ¢ NeCMUUOAMU CROCOOCMBYIOM CHUNCEHUIO HOPMbL PACX00d NeCmuyudos, HaKONACHUIO UX U MAJNCEAbIX MEMAii08
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6 pacmerusx, YMeHbUam ocmpyr moKcu4Hocms Kcenobuomukos. Kombunuposannoe deticmeue PPP u necmuyudos npu dau-
MeNbHOM NOCMYNACHUU 8 OP2AHU3M He UCCAe008GH0, YMO A845emcs aKmyanbHoll 3a0ayeil npouAaKmu4eckoil moKCcuKoao2u.
Ieab uccaedosanuii. Boisicnumbs xapakmep mokcuyeckoeo deiicmeust Xaopnupugpoca u Meuna npu ux coemecmuom cyoxpoHu4eckom
nepopanbHoM NOCMYRACHUU 8 OP2AHU3M.

Mamepuaavt u memooot. Cosmecmuoe deticmeue urcekmuyuda Xaopnupugpoca u PPP Heuna (2,6-0umemun-N-oxcud nupuduna)
uzy4ero Ha kpuicax-camyax Wistar Han. Bewiecmea 660dunu nepopanvho, 30H0om 6 meyvenue 13 Hedeav, Xnopnupugoc — 6 sude
600Hot amyavcuu ¢ OII-10 6 doze 5 me/ke (1/15 JL5y), Heun — 6 eude 60dnoeo pacmeopa 6 dozax 13 me/ke u 0,013 me/ke (coom-
semcmeenno 1/100 u 1/100000 JIsy), konmpoavHoii epynne Kpvic 8600uau 60dy ¢ OII-10. Pecucmpuposanu npusHaxu uHmoxcu-
Kayuu, yepes 4, 9 u 13 nedenw onpedensiu maccy mena, Guoxumuueckue NOKa3amenu coleOPOMKU Kpogu (AKMUBHOCb (hepmenmos
AT, ACT, wenounoii pocgpamasbl, codepicarue obujeeo beaxa, Mo4eguHbl, X0AeCMepura, mpueauyepuoos, 2AKo3bl ¢ UCHOAb30-
eanuem Habopoe peakmueoe Qupmoi «BioSystems» (Hcnanus), akmugrocms xoaunacmepasoi (XE) 6 coieopomke kposu, spumpoyu-
max u MKAaHsx 20408H020 Mo3ea onpedensiu memodom Hesrtin S ¢ ucnonvzoeanuem nabopa peaxmueos upmot «Deaucumin
(Ykpauna).

Pesyavmamot. Y nodonvimusix epynn Kpoic KAUHUMECKUX NPU3HAKO8 UHMOKCUKAyuu He oOHapyicero. Ilpu uzoauposarnnom deii-
cmeuu Xnopnupugoca Habawdanocs 00cHmoseprHoe cHudiceHue Maccy meaa, uneubuposarue axmussocmu XE 6o écex buocybcmpa-
max, ¢ Hauboavuum 3ggexmos 6 20106HoM mo3ee (Ha 48,8%), yseaunenue (wepes du 13 nedeaw) axmuernocmu AIT u ACT na 26,7-
32,6%, 12,5 — 12,0%, Hesnauumenvroe,Ho 00CHOBepHOe NOGbIUEHUE YPOBHS MOUEBUHDbL U 2A10K03bl 6 cbieopomKe Kposu 0o 17,3%
u 17,6% coomeemcmeenno. Ilpu coemecmuom deiicmeuu Xaopnupugoca u Heuna 6 ykazanHvix 003ax macca meaa Kpuic 0bi1a Ha
ypoeHe KoHmpoas, cHudicerue axkmusnocmu XE Habarodanocs 6o écex buocyocmpamax u 66110 npaKmu4eckKu Ha yposHe U30Aupoean-
Hoeo eausHua Xnopnupugoca. Habawodasrace mendenyus K ymenvlienuro uneuduposanus axmuenocmu XE 6 mxausx 201061020
Mo3ea, a npu coemecmuom eausHuu Xnopnupugpoca ¢ Heunom 6 6oavuieii 0ose u uepes 4 Hedeau smom sghghexm b1 0ocmosepHbim
(22,15%, p < 0,05).

Boi6o0vt. Xnopnupugoc npu uzonuposanHom nepopanbHom delicmauu 6 meyerue 13 Hedeav oxaszvieaem caraboe 2enamomoxcuteckoe
deiicmaue, 0 Yem celdemenscmeyem nosvluieHue QHepmeHmos yumonu3a, yposHs eAK03bl, MO4EGUHbL 8 Cble0POMKe KPOBU U Bbi3bl-
6aem yMepeHHblll AHMUXOAUHICMEPAsHblil dhpexm. Heun npu coemecmuom nocmynienuu 6 opeanusm ¢ Xaopnupugocom Hugeau-
pyem eenamomokcuyeckoe delicmeue Xiopnupugoca u yMeHbvuiaem e2o GHMUX0AUHICMePasHblil IgeKm  20108HOM Mo32e, Mo
cnocobcmeyem 601ee 1eeK0My MeHeHUr UHMOKCUKAYUU.

Karouesvie caosa: Xnopnupughoc, Heun, cenamomokcuyeckoe delicmaue, aHmuxosuH3IcmepasHoli dggdexm.
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