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In the present study a general survey is made of chlorpyrifos - one of the
most commonly used organophosphorus pesticides in the world. The review
does not give an exhaustive treatment of the biochemistry of chlorpyrifos. This
question has been discussed at length in many reviews and will be briefly dealt
with here. An attempt was made to review the vast amount of information con-
cerning mechanisms of chlorpyrifos neurotoxicity. It has long been known, that
chlorpyrifos is acetylcholinesterase inhibitor and that high sensitivity of the cho-
linesterases inhibitors makes them highly toxic to the central nervous system.
Chlorpyrifos continues to receive considerable research interest. In the past five
years there have been some innovations in the question concerning mechanisms
of chlorpyrifos neurotoxicity, specifically it was repeatedly demonstrated that
chlorpyrifos toxicity is not limited to cholinesterase inhibition alone but can act
by other mechanisms. Here we summarize the existent literature available on
this subject.
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Chlorpyrifos (CPF) is one of the most commonly used organophosphorus pesticides (OP)
for domestic, agricultural and industrial purposes. The insecticide CPF is an OP that has been on
the world market since 1965 to control insects in agriculture, gardens, building construction, and
households. Trade names of the CPF include Brodan, Detmol UA, Dowco 179, Dursban, Empire,
Eradex, Lorsban, Pageant, Piridane, Scout, Stipend and other. Currently, for example only in the
United States of America, there are over 850 registered CPF products. Despite recent restrictions
on home use in certain countries, it remains a popular pesticide throughout the world. CPF is au-
thorized for use in about 100 countries worldwide, including Ukraine, U.S.A., Canada, the United
Kingdom, Spain, France, Italy, Japan, Australia, New Zealand, and most other developed nations.
More than 50 crops, many of which are dietary staples for entire nations, are protected from insect
infestation with chlorpyrifos products. In 2000, the National Center for Food and Agriculture Poli-
cy, Washington DC, estimated that up to 3 million pounds (1,4 million kg) of chlorpyrifos was
being used in the home-and-garden market each year [12, 28]. The United Kingdom Advisory
Committee on Pesticides (ACP) have recommended that use of CPF in home and garden products
be revoked and have also raised concerns about the safety levels for the pesticide in food. In 2002
the use of CPF was restricted to only agricultural applications, and all domestic use was to be com-
pletely phased out by 1 January 2005 [12]. In 2005, agricultural uses of chlorpyrifos received Euro-
pean Union approvals in the form of inclusion in Annex I of the European Commission’s Plant
Protection Products Directive 91/414, allowing EU member states to renew their registrations of
chlorpyrifos products. CPF is one of the most commonly used OP in Ukraine [1]. CPF is effective
in controlling cutworms, corn rootworms, cockroaches, grubs, flea beetles, flies, termites, fire ants,
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and lice. It is used as an insecticide on grain, cotton, field, fruit, nut and vegetable crops, and well
as on lawns and ornamental plants. It is also registered for direct use on sheep and turkeys, for
horse site treatment, dog kennels, domestic dwellings, farm buildings, storage bins, and commer-
cial establishments. CPF acts on pests primarily as a contact poison, with some action as a stomach
poison. It does not mix well with water, so it is usually mixed with oily liquids before it is applied
to crops or animals. It may also be applied to crops in a capsule form.

Physicochemical properties. CPF (IUPAC: O,O-diethyl O-3,5,6-trichloro-2-pyridyl
phosphorothioate; CAS: O,0-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate); CAS
number: 2921-88-2; chemical formula: CoH;;Cl3NO5PS (Fig. 1); molecular weight: 350,62) is
a clear to white crystalline solid pesticide with a strong mercaptan odor. Water solubility of
CPF is 2 mg/L (25°C), it is soluble in benzene, acetone, chloroform, carbon disulfide, diethyl
ether, xylene, methylene chloride ethanol and methanol. Melting point of CPF is 41,5-44°C;
vapor pressure: 2,5 mPa (25°C); partition coefficient: 4,6990; soil adsorption coefficient Koc:
6070; hydrolysis half-life: 72 days (pH 7); aqueous photolysis half-life: 29,6 days (pH 7); aer-
obic soil metabolism: 76,9 days; aerobic aquatic metabolism (t;;): 153,8 days; anaerobic
aquatic metabolism (t;,): 81,5 days [6, 52]. CPF is available as granules, wet table powder,
dustable powder, and emulsifiable concentrate [52].
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Fig. 1. Structure of chlorpyrifos.

Environmental fate. CPF is released into the environment primarily from its application
as an insecticide. It is moderately persistent in soils. It is characterized by an average soil and
sediment sorption coefficient (Koc) of 8498. The half-life of CPF in soil is usually between 60
and 120 days, but can range from 2 weeks to over 1 year, depending on the soil type, climate,
and other conditions [6]. CPF adsorbs strongly to soil particles and it is not readily soluble in
water. It is therefore immobile in soils and unlikely to leach or to contaminate groundwater [6].
It has been found to be relatively immobile vertically in soil and has not proved to be a ground-
water contaminant. 3,5,6-trichloro-2-pyridinol (TCP), the principal metabolite of CPF, adsorbs
weakly to soil particles and appears to be moderately mobile and persistent in soils. The concen-
tration and persistence of CPF in water will vary depending on the type of formulation. For ex-
ample, a large increase in CPF concentrations occurs when emulsifiable concentrations and wet
table powders are released into water. As the pesticide adheres to sediments and suspended or-
ganic matter, concentrations rapidly decline. The increase in the concentration of insecticide is
not as rapid for granules and controlled release formulations in the water, but the resulting con-
centration persists longer. Volatilization is probably the primary route of loss of CPF from water.
Volatility half-lives of 3,5 and 20 days have been estimated for pond water [16]. The photolysis
half-life of CPF is 3 to 4 weeks during midsummer in the U.S. Its change into other natural
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forms is slow. Due to the nonpolar nature of CPF molecule, it possesses a low water solubility (<
2 ppm) and great tendency to partition from aqueous into organic phases in the environment (log
P of 4,7-5,3). Research suggests that this insecticide is unstable in water, and the rate at which it
is hydrolyzed increases with temperature, decreasing by 2,5- to 3-fold with each 10°C drop in
temperature. The rate of hydrolysis is constant in acidic to neutral waters, but increases in alka-
line waters. In water at pH 7,0 and 25°C, it had a half-life of 35 to 78 days [4, 39, 47].

CPF may oxidize in the environment to form chlorpyrifos-oxon. Studies have shown
CPF-oxon can form up to nearly 100% of parent from drinking water treatment. Lesser
amounts of oxon formation are expected in other media (soil, air, and surface water) however,
insufficient data are currently available to quantify this amount. Chlorpyrifos-oxon, a minor
degradation product of CPF, has been detected in environmental samples, including drinking
water, surface water and precipitation. Toxicity data based on human health studies indicate
that CPF-oxon is roughly 10 times more toxic than parent CPF [16, 30, 39].

Mark Corbin from the Environmental fate and effects division office of pesticide pro-
grams (Washington, USA) underline, that other pesticides may combine with CPF to produce
synergistic, additive, and/or antagonistic toxic interactions. If CPF is present in the environ-
ment in combination with other chemicals, the toxicity of the mixture may be increased rela-
tive to the toxicity of each individual chemical, offset by other environmental factors, or even
reduced by the presence of antagonistic contaminants if they were also present in the mixture.
The variety of chemical interactions presented in the available data set suggest that the toxic
effect of CPF, in combination with other pesticides used in the environment, can be a function
of many factors including but not necessarily limited to (1) the exposed species, (2) the co-
contaminants in the mixture, (3) the ratio of chlorpyrifos and co-contaminant concentrations,
(4) differences in the pattern and duration of exposure among contaminants, and (5) the differ-
ential effects of other physical/chemical characteristics of the receiving waters (e.g. organic
matter present in sediment and suspended water).

Metabolic pathway. 1t is very important to understand the mammalian and human me-
tabolism of organophosphorus insecticides, CPF in particular (Fig. 2). Larry L. Needham from
the Centers for Disease Control and Prevention (Atlanta, Georgia, USA) clearly described it at
the work [30]. CPF is bioactivated by cytochrome P450-dependent desulfuration in the liver to
chlorpyrifos-oxon. This oxon is rapidly hydrolyzed to its specific metabolite TCPy and to di-
ethylphosphate (DEP) by microsomal esterases, which include PON1 and CPF oxonase, or by
nonenzymatic hydrolysis. Alternatively, CPF is dearylated to form TCPy and diethylthiophos-
phate (DETP) by microsomal enzymes or by nonenzymatic hydrolysis. A complicating factor
in interpreting CPF metabolite concentrations in urine is that these human metabolites and
their environmental degradates are the same chemicals [5, 30, 35]. CPF is readily absorbed
into the bloodstream through the gastrointestinal tract if it is ingested, through the lungs if it is
inhaled, or through the skin if there is dermal exposure. In humans, CPF and its principal me-
tabolites are eliminated rapidly [7]. After a single oral dose, the half-life of CPF in the blood
appears to be about 1 day [48]. CPF is eliminated primarily through the kidneys [37]. CPF
does not have a significant bioaccumulation potential. Following its oral intake by rats, 90% is
removed in the urine and 10% is excreted in the feces [48]. It is detoxified quickly in rats,
dogs, and other animals [48]. The major metabolite found in rat urine after a single oral dose is
trichloropyridinol (TCP). TCP does not inhibit cholinesterase and it is not mutagenic.

General toxicological effects. The pesticide CPF is used to kill a broad range of insects
and mites but it is toxic to most living organisms and humans. The available mammalian acute
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Fig. 2. Metabolic pathway of chlorpyrifos (From Smith et al.).

oral LD50 values indicate that chlorpyrifos is moderately toxic to small mammals on an acute
oral basis. The most sensitive endpoint for the technical formulation, the rat LD50 of 118 mg/
kg is used estimate risk via direct effects mammals and indirect effects to birds, reptiles and
terrestrial-phase amphibians. The oral LD50 for CPF in rats is 95 to 270 mg/kg [3, 37, 51].
The LD50 for CPF is 60 mg/kg in mice, 1000 mg/kg in rabbits, 32 mg/kg in chickens, 500 to
504 mg/kg in guinea pigs, and 800 mg/kg in sheep [44]. The dermal LD50 is greater than 2000
mg/kg in rats, and 1000 to 2000 mg/kg in rabbits. The 4-hour inhalation LC50 for CPF in rats
is greater than 0.2 mg/L [3, 50]. CPF is moderately to very highly toxic to birds [53]. Acute
LD50 values for technical grade chlorpyrifos available for avian species are with a range of
LD50 values from 5,62 to 476 mg/kg. Its oral LD50 is 8,41 mg/kg in pheasants, 112 mg/kg in
mallard ducks, 10 mg/kg in common pigeon, 21,0 mg/kg in house sparrows, and 32 mg/kg in
chickens [53]. CPF is very highly toxic to freshwater fish, aquatic invertebrates and estuarine
and marine organisms [13, 15]. Cholinesterase inhibition was observed in acute toxicity tests
of fish exposed to very low concentrations of this insecticide. Application of concentrations as
low as 0,01 pounds of active ingredient per acre may cause fish and aquatic invertebrate
deaths [13, 15]. CPF toxicity to fish may be related to water temperature. The pesticide has the



7 Y. Salyha

potential to bioaccumulate in fish and other aquatic organisms and enter the aquatic food web.
Due to its high acute toxicity and its persistence in sediments, chlorpyrifos may represent a
hazard to sea bottom dwellers.

Animal studies confirm that CPF has higher systemic toxicity in neonates, with over an
order of magnitude lower LD50 values than in adults [27, 31, 32, 54]. However, developing organ-
isms recover more quickly from cholinesterase inhibition than do comparably exposed adults,
largely due to the rapid synthesis of new cholinesterase molecules [31, 32, 48]. This discrepancy
means either that cholinesterase inhibition is unrelated to developmental toxicity, or alternatively
that even a brief period of cholinesterase inhibition is sufficient to disrupt development.

Chlorpyrifos is moderately toxic to humans but simultaneously it may be estimated that
CPF causes thousands of deaths per year worldwide [16, 18, 40]. CPF is readily absorbed into
the bloodstream through the gastrointestinal tract if it is ingested, through the lungs if it is in-
haled, or through the skin if there is dermal exposure. In humans, CPF and its principal metabo-
lites are eliminated rapidly. After a single oral dose, the half-life of ¢ CPF in the blood appears to
be about 1 day. Poisoning from CPF may affect the central nervous system, the cardiovascular
system, and the respiratory system. It is also a skin and eye irritant [14, 17, 19]. Symptoms of
acute exposure to CPF may include the following: numbness, tingling sensations, incoordination,
headache, dizziness, tremor, nausea, abdominal cramps, sweating, blurred vision, difficulty
breathing or respiratory depression, and slow heartbeat. Ingesting CPF orally through contami-
nated food containers or, in the case of children, putting objects of hands in their mouth after
touching CPF, may cause similar symptoms. Very high doses may result in unconsciousness,
incontinence, and convulsions or fatality. Persons with respiratory ailments, recent exposure to
cholinesterase inhibitors, cholinesterase impairment, or liver malfunction are at increased risk
from exposure to chlorpyrifos. Repeated or prolonged exposure to CPF may result in the same
effects as acute exposure including the delayed symptoms. Other effects reported in workers
repeatedly exposed include impaired memory and concentration, disorientation, severe depres-
sions, irritability, confusion, headache, speech difficulties, delayed reaction times, nightmares,
sleepwalking, and drowsiness or insomnia. An influenza-like condition with headache, nausea,
weakness, loss of appetite, and malaise has also been reported [7, 26, 37].

There is no information at present to show that CPF either effects the ability of humans
to reproduce or causes human birth defects. Also there is no evidence that chlorpyrifos is mu-
tagenic and carcinogenic.

Neurotoxicity. Like the other OP insecticides, CPF inhibits the enzyme acetylcholines-
terase (AChE), which hydrolyses acetylcholine, the neurotransmitter that activates cholinergic
neurons. If acetylcholine is not inactivated immediately by the activity of AChE, it overstimu-
lates the neurons, and tremors, convulsions and death can follow. Inhibition of AChE causes
accumulation of acetylcholine at cholinergic synapses, leading to over-stimulation of musca-
rinic and nicotinic receptors. In addition, acetylcholine has important functions during brain
and whole central nervous system (CNS) development [22, 23, 53]. Therefore inhibition of
AChE by CPF and the resulting accumulation of acetylcholine may then conceivably disturb
this development. Still, developing rats recover faster from AChE inhibition than adults, large-
ly due to the fact that developing organisms have a rapid synthesis of new AchE molecules
[31, 32, 49]. The majority of the neurological symptoms associated with CPF exposure result
from its inhibition of acetylcholinesterase (AChE) and the subsequent cholinergic overstimu-
lation. Common symptoms related to excessive cholinergic activity include headache, diapho-
resis, nausea, vomiting, diarrhea, epigastric cramping, bradycardia, blurred vision, miosis,
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bronchoconstriction and excess mucous secretions, pulmonary edema, dyspnea, muscle fascic-
ulations, salivation, lacrimation, and urination [4, 22]. In adults and children, acute-duration
inhalation exposure to unspecified concentrations of chlorpyrifos is associated with paresthe-
sia and lightheadedness [20, 36, 41]. Headache is also a common occurrence [20, 41]. Addi-
tionally, in the Sherman (1995) report, acuteduration CPF exposure may produce signs of neu-
rological toxicity weeks or months after the initial symptoms have resolved. For example, a
family which became ill after an unspecified concentration of chlorpyrifos was applied in their
home initially presented with headaches, nausea, and muscle cramps. However, numbness,
paresthesia (most prominent in the legs), and memory impairment were reported by the family
1 month later. The children also showed a decline in scholastic performance that lasted for
approximately 6 months. Neurological exams conducted 6 months post-exposure revealed
mild short term memory loss on all routine mental status testing of recall of multiple objects.
Neuropsychological testing was declined by the subjects, all other neurological exams were
normal. Nerve conduction studies revealed low amplitude nerve action potentials in all family
members. Motor and upper-extremity sensory nerve action potentials were normal. Sural
nerve amplitudes in all but one family member had returned to normal 6 months later. Alt-
hough inhalation was the most likely route of exposure, the family could also have been ex-
posed dermally [21].

Clinical and experimental data indicate that OP-induced delayed neuropathies resulting
from acute exposures to CPF require doses well in excess of the LD50. Studies in hens show
that subchronic exposures at the maximum tolerated daily dose do not result in OP-induced
delayed neuropathies. However, recovery from CPF toxicity when it does occur is unusually
slow even when compared with other phosphorothioates. Furthermore, CPF has been shown to
evoke learning deficits in rats after acute and repeated administration and to produce delayed
sensory neuropathies in humans [50]. Moreover, the degree of AchE activity inhibiting by
CPF does not correlate well with the onset of toxicity or the amount of exposure. These find-
ings support new inquiries into additional mechanisms of CPF toxicity [50]. The results of the
study of A.V. Terry indicate that the threshold for neurotoxic consequences (usually associat-
ed with higher doses of OPs) may be exceeded during repeated exposure to subthreshold doses
of OPs, even for agents like CPF that have been considered moderately toxic or nonneuro-
pathic. One potential mechanism for these observations is the prolonged inhibition of fast ax-
onal transport. It is also important to note that CPF itself may have neurotoxic properties in the
absence of conversion to its oxon or other metabolites. Although many of the toxic conse-
quences of low-dose CPF administration were shown to be reversible after discontinuation, the
cytotoxic action observed ex vivo suggests that under certain conditions of exposure, some
actions may prove to be longer lasting [50].

In the study [38] authors tested the hypothesis that CPF and its metabolites alter the
Ca*'/cAMP response element binding protein (CREB), a critical molecule in brain develop-
ment and cognitive function. They further tested the hypothesis that changes in CREB occur
independent of AchE inhibition. Western blot analysis of lysates from primary cultures of cor-
tical neurons exposed to CPF, CPF-oxon, or trichloropyridinol (TCP) for 1 h and cultures ex-
posed to trichloropyridinol (TCP) for 7 days indicated that all exposures increased the level of
the phosphorylated (activated) form of CREB (pCREB), without significant changes in total
CREB or o-tubulin. Remarkably, pCREB in cortical neurons was elevated by 300-400% of
control levels with estimated EC50s of 60 pM, and <30 pM for CPF, CPF-oxon, and TCP,
respectively. AChE activity and cell viability were not affected by organophosphate concen-
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trations that caused significant increases in pCREB (up to 100 nM, 100 pM, and 10 pM of
CPF, CPF-oxon, and TCP, respectively). The level of pCREB in hippocampal neurons was
also elevated after exposure to CPF, but pCREB in cultured astrocytes was not affected. Inclu-
sion of the cytochrome P-450 inhibitor SKF-525A did not inhibit the effects of CPF on
pCREB levels, indicating that metabolism of CPF to CPF-oxon was not necessary to cause the
increase in pCREB. The increases in neuronal pCREB observed in this study provide bio-
chemical evidence that CPF and its metabolites are active at critical sites within the nervous
system at levels far below those required to inhibit AChE, which could explain many of the
reported neurodevelopmental and behavioral changes attributed to CPF toxicity [38].

Emerging evidence, obtained largely through the use of rodents, suggests that acute or
prolonged exposure to CPF and/or its metabolic product(s) may overtly injure the central nerv-
ous system or produce marked changes in neuronal function that persist after exposure has
ceased, particularly during the early postnatal period [8, 9, 43, 45, 46, 54]. It seems that either
developmental toxicity may be unrelated to AChE inhibition, or that even a brief period of
ACHhE inhibition is sufficient to disrupt development [40, 42].

This field is under active investigation now. Studies are in progress to evaluate the im-
portance of various factors and it is the object of a very thorough study. A lot of scientist, in-
cluding Teodore Slotkin from USA, who is universally recognized as an authority on the sub-
ject, repeatedly demonstrated with his colleagues that CPF toxicity is not limited to cholines-
terase inhibition alone but can act by other mechanisms. For example, in vitro and in vivo
studies at three levels of development from DNA to the cell and the whole animal revealed
that CPF is far more toxic than previously thought because of this wider range of activity [34].
CPF impairs the binding to DNA of nuclear transcription factors (AP-1 and Sp1) that modu-
late cell replication and differentiation. Therefore, CPF targets mammalian brain development
through a combination of effects directed at cholinergic receptors and intracellular signaling
cascades that are involved in cell differentiation.

It has been known, that CPF can induce neurobehavioral abnormalities during the se-
cond and third postnatal weeks in rat [14, 24, 29], corresponding to the neonatal stage in hu-
mans [51]. This period is outside the major phase of neurogenesis in most brain regions, but it
is the time of peak gliogenesis and synaptogenesis. According to some authors developing glia
have been found to be even more sensitive to chlorpyrifos than neurons [18, 19, 34, 35].

Deficits elicited by prenatal exposure to chlorpyrifos are evident even at exposures
below the threshold for detectable AChE inhibition, i.e. far below the 70% inhibition of AChE
required for systemic toxicity in adults [14, 37]. These findings suggest that mechanisms other
than inhibition of AChE activity may, at least in part, be responsible for the developmental
neurotoxicity of chlorpyrifos [13, 24, 29, 40].

Experiments of number of scientists have demonstrated the link between CPF and ad-
verse neurodevelopmental sequelae in rodents. It was shown that subtoxic doses of CPF inhibit
DNA synthesis, mitosis, neurite outgrowth, neural cell replication, neural cell differentiation and
interfere with signaling cascades, including serotonergic, cholinergic and catecholaminergic
pathways. CPF also inhibits glial cell replication, gliogenesis and glioma differentiation and dis-
rupts the pattern of glial cell development in vivo. Because glial cells are targets of CPF at sub-
toxic doses, the vulnerability of the developing brain to CPF is increased [26, 32, 41].

Furthermore, recently Dr Anne Caughlan from the University of Washington has
showned that CPF activates the ERK1/2 and p38 MAP kinases. Surprisingly, blocking
ERK1/2 activation by the MEK inhibitor SL327 caused a small but statistically significant
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inhibition of apoptosis, while blocking p38 with SB202190 significantly accelerated apoptosis
induced by chlorpyrifos. This suggests a pro- and anti-apoptopic role for ERK1/2 and p38,
respectively [11]. S. M. Mense from New York [26] also found that CPF significantly en-
hanced the levels of activated (phosphorylated) ERK1/2 . Because ERK1/2 is a key compo-
nent of insulin signaling, this increase is consistent with the finding that targets of the insulin-
signaling pathway were upregulated by the insecticide [26].

The aging brain shows selective neurochemical changes involving several neural cell
populations. Increased brain metal levels have been associated with normal aging and a varie-
ty of neurodegenerative disorders. Copper is an important modulator of NMDA-receptor ac-
tivity, zinc - of glutaminergic transmission. It is thus important to elucidate the mechanisms by
which metal homeostasis of brain is maintained and how metals function in cellular processes,
including neurotoxic damages.

In our laboratory we have studied levels of copper, zinc and iron in hippocampus, cere-
bellum and cerebral cortex of growing rats subjected to low doses of CPF. Our data demon-
strates age-dependent changes of investigated metal levels in different brain regions. We have
studied changes in activity of the antioxidant enzymes such as catalase, glutathione peroxidase
and superoxide dismutase in hippocampus, cerebellum and cerebral cortex of growing rats
subjected to low doses of CPF. We observed age-dependent and brain region-dependent
changes in antioxidant enzymes activity. Simultaneously we studied the effect of the CPF ac-
tion on maturation of hippocampal pyramidal cells and interneurons in vitro (cell culture).
This includes study of the effects of CPF on the alterations and developmental changes in the
neuronal and synaptic connections properties. We measured morphometric parameters of neu-
rons including somatical, axonal and dendritic development, using for visualization different
fluorescent proteins. A whole series of biochemical analysis of different parts of rat brain and
our previous experiments with Morris water maze confirm the CPF neurotoxicity and at the
same time impel for investigations on cellular and molecular level [1, 2].

Conclusions and perspectives of further inquiry. There can be no doubt about the im-
portance of investigations of cellular and molecular mechanisms for toxicity of CPF including
its developmental neurotoxicity. Agree with professor Slotkin the finding of a novel set of
mechanisms underlying the developmental neurotoxicity of CPF sparked a wider degree of
interest in the issue of OPs and brain development. Aforesaid questions suggest to be key
points of future investigations. The main hypothesis is that CPF neurotoxicity predominantly
is independent of AchE inhibition and that CPF induces apoptosis of developmental neurons.
This suggestion is based on number of recent studies performed in well-known laboratories
but this important and difficult task still confronts us [10, 11, 25, 33, 40, 44, 55].
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OULIHKA BIOJIOI'TYHOTI'O BIIJIUBY XJIOPIIPU®OCY
1 IESKI ACIIEKTHA HOT'O HEHPOTOKCHYHOCTI

0. Canura

ITnemumym 6ionoeii meapun HAAH Ykpainu
eyn. B.Cmyca, 38, Jlvgie 79034, Ykpaina
e-mail: yursalyha@yahoo.com

VY naniif poOOTi Aa€THCS 3arajJbHUN OIS XJIOPHipU(OCY — OJHOTO 3
HalmomupeHimux y cBiti ¢ochopopraniunux necruuuais. Llei ormsin He BH-
yeprye Bcix mpobsem Oioximil xiopripudocy. Lli nuTaHHS AeTaabHO 00roBo-
proBasIMCsl Y PI3HUX OIJIsIaX 1 TOMY JIMIIE KOPOTKO OyayTh BHKJIaleHi TYT. byno
3p0o0JIeHO clpoOy JaTH OIS YHCICHHUX JIITEPATYPHHUX JAHUX, IO CTOCYIOThCS
MeXaHi3MiB HEWPOTOKCHYHOCTI Xyopripudocy. [laBHO BioMo, IO XJIOPHipH-
¢oc € iHribITOPOM aleTHIXOTIHECTEPa3H 1 0 BUCOKA YYTIIMBICTh XOJIHECTepas3
1o pochopopraHiqHUX iHTIOITOPIB POOUTS i iHTIOITOPH HAA3BHYANHO TOKCHY-
HUMH 715 HEHTPabHOI HepBoBoi cucteMu. ChOTOAHI XJIOPITipr(OC IPOIOBKYE
BUKIIMKATH 3HAYHUHN JOCIITHUIEKUNA iHTEpec. 3a OCTaHHI I’ SITh POKIB 3’ SIBHIIH-
Cs1 JIesiKi HOBOBBEJICHHS Y IUTAHHSX, 1110 CTOCYIOTHCSI MEXaHI3MiB HEHPOTOKCHY-
HoOcTi xJyopripudocy, 30KkpeMa, OyJI0 HEOAHOPA30BO MPOJSMOHCTPOBAHO, IO
HOr0 TOKCHYHICTh HE JIIMITYEThCS IHTIOYBaHHSAM XOJIHECTEpas3u, a MOXE MaTu
iHII MexaHi3Mu aii. TyT 3Be[ileHO HasBHY JiTepaTrypy, IO CTOCYEThCS AaHOTO
IUTaHHS.

Kniouosi cnoea: M0O30K, LIEHTpaJbHAa HEpPBOBA CHUCTEMa, XJIOpmipudoc, XOJiH-
ecrepasa, HeHPOTOKCUYHICTB, (OCHOpOpraHiuHi IHCEKTHLIUIH,
TIECTHLIIH.

OIIEHKA BUOJIOI'MYECKOTI'O BJIMAHUA XJTOPIINPUPOCA
U HEKOTOPBIE ACIIEKTbBI ETO HEHPOTOKCUYHOCTH

1O. Caasbira

Hucmumym 6uonozuu srcusomnvix HAAH YVrpaunut
ya. B.Cmyca, 38, Jlveos 79034, Yxpauna
e-mail: yursalyha@yahoo.com

B nmanno¥i pabote maercs oOmuii 0030p xyoprupudoca — OIHOTO W3
CaMbIX paclpoCTPaHEHHBIX B MUpe (PocopopraHMIecKUX MECTHLIUAOB. ITOT
0030p HE MCYEPIIBIBACT BCEX MPOOJIeM OHOXMMHHU XJIOPIHPH(OCca. ITOT BOIPOC
moIPoOHO 0OCYKIANCSA B Pa3IMIHBIX 0030pax ¥ IMO3TOMY JIMIIb KPaTKO OyIer
M3JIOKEH 371eCh. BbUIa MpPEANpUHSTA MOMBITKA AaTh 0030p MHOTOYHMCIEHHBIX
JUTEPAaTYPHBIX  JIaHHBIX, KAaCAIOIIUXCS MEXaHU3MOB HEHPOTOKCHYHOCTH
xyoprniupudoca. /laBHO M3BECTHO, 4TO XJIOPIUPU(OC SBISETCS MHTHOUTOPOM
ALCTUIIXOJMHICTEPA3bl M YTO BBICOKAd YYBCTBUTCIBHOCTH XOJHMHICTEpPA3 K
dbochopopraHndeckuM HHTHOMTOpPAM JIENaeT 3TH HHTHOUTOPHI B BBICIICH
CTENIEHW TOKCUYHBIMH JJISI LEHTPaIbHONH HepBHO# cuctembl. Cerojas
XJIOpnupudoCc TPOJOIKAET BHI3bIBATH 3HAYMTENBHBIH HCCIIENOBATEIbCKUN
MHTEpeC. 3a TMocleqHHE MSTh JIET MOSBUIIUCh HEKOTOpble HOBIIECTBA B
BOMPOCAxX, KaCaloUIUXCS MEXaHM3MOB HEHPOTOKCHMYHOCTH xioprnupudoca, B
YACTHOCTU, OBUIO HEOJHOKPATHO IPOJEMOHCTPUPOBAHO, YTO TOKCHYHOCThH
xyoprnupudoca He JUMUTHPYETCS. HHTMOMPOBAHUEM XOJIMHICTEPA3bl, a MOXKET
o0aaaTh IpyruMyd MeXaHu3MaMu BO3JEHCTBHS. 31eCh CBEeHa CyIIeCTBYIOIAs
JUTEpaTypa, Kacarolascs 3TOro Bonpoca.

Knrwouesvle crosa: Mo3r, LIGHTpalbHas HEpBHas CHCTEMa, XJIOpHUpHQOC, XO-
JUHACTEpa3a, HEHUPOTOKCHYHOCTH, (ochopopraHndecKne
WHCEKTULMABL, TECTULUIBL.



