UDK 612.017:632.95:611.81

TOXIC EFFECT OF CHLORPYRIFOS ON HIPPOCAMPAL
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Taking into account the widespread use of different pesticides in the world, it is very
important to perform studies evaluating their potential effects on the central nervous system In the
present study, an in vitro primary cultures of rat hippocampal neurons was used to assess whether
exposure to chlorpyrifos — one of the most commonly used organophosphorus pesticides in the
world could induce cell damage and cell death. An attempt was made to find the level of toxic effect
of low doses of chlorpyrifos at young neurons in conditions of cell culture. It has long been known,
that chlorpyrifos is acetylcholinesterase inhibitor and that high sensitivity of the cholinesterase’s
inhibitors makes them highly toxic to the central nervous system. 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. Our results show the toxic influence of 20 uM
chlorpyrifos concentration on young hippocampal neurons in cell culture.
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Chlorpyrifos (CPF) is one of the most commonly used organophosphate pesticides for
domestic, agricultural and industrial purposes. Despite recent restrictions on home use in certain
countries, it remains a popular pesticide throughout the world. For example, only in United States of
America currently there are over 850 registered chlorpyrifos products [1]. Chlorpyrifos is
moderately toxic to humans but simultaneously it may be estimated that CPF causes thousands of
deaths per year worldwide [2—4]. Poisoning from CPF may affect the central nervous system, the
cardiovascular system, and the respiratory system. CPF is a well-known acetylcholinesterase
(AChE) inhibitor. 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
nervous system or produce marked changes in neuronal function that persist after exposure has
ceased, particularly during the early postnatal period [5, 6]. At the same time, it seems that either
developmental toxicity may be unrelated to AChE inhibition, or that even a brief period of AChE
inhibition is sufficient to disrupt development [4, 7]. These aspects occupy great deal of attention.
Studies are in progress to evaluate the importance of various factors and it is the object of a very
thorough study. A lot of scientist repeatedly demonstrated that CPF toxicity is not limited to
cholinesterase 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 [8]. CPF impairs
the binding to DNA of nuclear transcription factors (AP-1 and Spl) that modulate cell replication
and differentiation. Therefore, CPF targets mammalian brain development through a combination of
effects directed at cholinergic receptors and intracellular signalling cascades that are involved in
cell differentiation. There are data that CPF and CPF-oxon, but not 3,5,6-trichloro-2-pyridinol
(TCP; the breakdown product of CPF and CPF-oxon), induce apoptosis in primary cortical neurons
cultured from embryonic day 17 or newborn rats [9]. It is generally agreed that chlorpyrifos-oxon is
approximately three orders of magnitude more potent than chlorpyrifos in the brain AChE
inhibition.

While much is known about the lethality and neurotoxicity produced by acute CPF
exposure, relatively there is not a great deal known about the means by which chronic exposure to
this compound, particularly low concentrations of CPF, may adversely affect neuronal function
[10]. The objectives of this study were to determine if CPF induces cell damages and cell death in



primary cultured central nervous system (CNS) neurons and to ascertain amounts of these
phenomena.

Materials and methods

Primary cultures of rat hippocampal neurons and neuronal transfections. Neurons from 18
days Wistar rat embryos hippocampi were dissociated using 0,25 % trypsin for 15 min at 37 °C and
plated on coverslips coated with poly-ethylenimine at a density of 70 000 cells cm” in minimal
essential medium (MEM) supplemented with 10 % NU serum (BD Biosciences, Le Pont de Claix,
France), 0,8 % glucose, 1 mM sodium pyruvate, 1,5 mM Hepes, and 10 IU ml—1 penicillin—
streptomycin as previously described [11]. On days 7, 10 and 13 of culture incubation, half of the
medium was changed to MEM with 2 % B27 supplement (Invitrogen).

We used green fluorescent protein (GFP) for neuron transfection. At 9 DIV, mixed
hippocampal cultures were transiently transfected using a Magnetofection Kit (OZ Biosciences,
Marseille, France) and lipofectamine 2000 as described [11]. Magnetofection — is a novel
transfection technology based on the delivery of DNA-coated magnetic nanobeads and it can be
used to transfect primary hippocampal neurons. Following transfection, the cells were used for time
lapse analysis. Cultures showing low rate of transfection (<10 neurons per coverslip) were
withdrawn from experiments.

Drug treatment. Chlorpyrifos (99,9 pure; Sigma) was dissolved in ethanol for the final
concentration of 0,05 % (this level of ethanol is not cytotoxic) and freshly prepared for each
experiment of CPF.

Life imaging of cultured hippocampal neurons. Time lapse imaging of developing
neuronal cells was performed using Metamorphe software on inverted Nikon-TE300 microscope
equipped with CO, and temperature control units (Princeton Instruments). Images of same 20—
30 transfected neurons per condition were taken during 3 consecutive days starting 3 days after
transfection. After each imaging cultures were returned to the CO, incubator. Neurons with
normally developing dendrites (smooth distribution of GFP) were considered as alive, whereas
neurons with clustered GFP or neurons where GFP disappeared were considered as dead.

Statistical analysis. All population data were expressed as mean + SEM. The Student’s t
test was employed to examine the statistical significance of the differences between groups of data.

Results and discussion

To examine the neurotoxic effect of CPF, neurons from rat embryos hippocampi were first
treated to various concentrations of it. Treatment with 20 uM concentration of CPF was selected for
the investigation. Exposure of in vitro primary cultures of rat hippocampal neurons to chlorpyrifos
for 24, 48 and 72 hours starting 3 days after transfection had significant toxic effect on neuronal
cells (Fig. 1). In control conditions the majority of neurons normally developed for more than 6
days after transfection.
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Fig. 1. Neurons survival in cultures transfected with green fluorescent protein in control conditions (A, B, C) and under
the CPF applicatioin (D, E, F). A, B, C and D, E, F — images of the same neurons taken on 24 (A, D), 48 (B, E) and 72
(C, F) hours after the experiment beginning. In normal conditions the majority of neurons (left column) normally
developed for more than 6 days after transfection. By contrast, near 40 % of neurons incubated in the medium with
addition of CPF-fully degraded (right column)

By contrast, approximately 11 % of neurons incubated in the medium with addition of CPF,
degraded on the second experimental day and near 40 % of investigated neuronal cells fully
degraded on the third day of experiment with 20 uM concentration of CPF exposure in to the cell
culture medium. We found significant differences in these indexes (Fig. 2). Consequently the CPF
induced cell damage and cell death.
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Fig. 2. Neurons survival in cultures transfected with green fluorescent protein
and under the CPF applicatioin (A) and in control conditions (B)

Discussing our results, it is necessary to underline the fact that as scientists probed deeper into
the activity of CPF, a wealth of information surfaced from laboratory studies about its effects on the
development and function of the brain and nervous system in embryos, fetuses, and young animals.
Although many of the studies were performed on rats and there are differences in the ontogeny of
specific parts of the brain between rats and humans, the development of the rat brain through postnatal
day (PND) 21 provides a model for the development of the human brain through to birth [12].
Investigations of neurons from rat embryos hippocampi are very interesting and important because
hippocampus is the key limbic structure responsible for associative learning and memory. It is known
that building of the neuronal network in the rat hippocampus starts around the birth and the two first
postnatal weeks are characterised by intensive neuronal growth and synaptogenesis.

Concerning possible mechanisms of CPF neurotoxicity a number of hypotheses have the right
to be in existence. For example, recently Dr Anne Caughlan from the University of Washington has
showed that CPF activates the ERK 1/2 and p38 MAP kinases. Surprisingly, blocking ERK 1/2
activation by the MEK inhibitor SL327 caused a small but statistically significant inhibition of
apoptosis, while blocking p38 with SB202190 significantly accelerated apoptosis induced by
chlorpyrifos. This suggests a pro- and anti-apoptotic role for ERK 1/2 and p38, respectively [9]. In our
previous investigations 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. The data concerning effect of daily CPF intake by
rats during one month at the dose 15 mg/kg on indexes of superoxidedismutase, glutathionperoxidase
and catalase at the tissues of hippocampus, cerebellum and cerebral cortex were obtained. One other
aspect of the problem was illuminated by these facts — CPF may induce an oxidative stress that may
be one of the reasons of cell damage and finally cell death. Further work is in order to settle this and
contiguous questions. Simultaneously we plan continue to study the effect of the CPF action 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 by measuring morphometric parameters of neurons including somatical,
axonal and dendritic development, using for visualization different fluorescent proteins.

Conclusions

1. Chlorpyrifos (CPF) possess the toxic influence on young hippocampal neurons in
conditions of cell culture.

2. In control conditions the majority of neurons normally developed for more than 6 days
after GFP transfection. By contrast, near 40 % of neurons incubated in the medium with addition of
CPF (20 pM concentration) — fully degraded on the 3™ day of experiment.



Perspectives of further inquiry. It is important to explore more profoundly the
mechanisms underlying the actions of CPF and its impact on the developing brain. Agree with
professor Slotkin from USA, the finding of a novel set of mechanisms underlying the
developmental neurotoxicity of CPF sparked a wider degree of interest in the issue of
organophosphate pesticides and brain development. A definitive demonstration that CPF exerts
direct effects on neurodevelopment requires control over the cellular environment, and at the same
time investigations on cellular and molecular level. The main hypothesis of future investigations 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 [4, 9].
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1O. T. Canuza
TOKCUYHUM BILJIUB XJIOPIIIPUPOCY HA HEMPOHU I'IIIOKAMITY IN VITRO
PeszmowMme

Bepyun m0 yBarm mMpOKEe BHKOPHCTAHHS Yy CBITI PI3HOMAHITHUX TECTHUIHIIB, IyXkKe
BOXJIMBUMHU € JOCIHIDKEHHS 3 METOIO 3’ICYBaHHS iX MOXKJIMBOI'O BIUIMBY Ha LIEHTPalbHYy HEPBOBY
cucteMy. Y TpeacTaBieHI poOOTI in Vvitro KynbTypa KJIITHH HEUPOHIB TiMmoKammy IIypiB Oyria
BUKOPUCTaHA [UId TOro, W00 BCTAHOBUTH YW BHUKIMKAEe i Xjopripudocy — oaHOTO 3
HAWMOMMpPEHIMKUX y CBITI (ochOopOopraHiYHUX TMECTUIHIIB, KIITHHHI MOIIKO/KEHHS 1 KIITHHHY
cMepThb. byno 3pobneHo crpody BCTAHOBUTH PiBEHb TOKCHUYHOI Jii HU3BKHUX /103 XJOpMipudocy Ha
MOJIOJII HEHPOHM B YMOBax KIITHHHOI KyJibTypu. J[aBHO Bimomo, mo xiopripudoc € iHriditopom
aleTHIIXOJIIHECTepasu 1, 0 BUCOKA YYyTJIHMBICTh XOJiHecTepas A0 ¢ochopopraHiyHUX 1HTIGITOPIB
pPOOHTH 11i 1HTIOITOPH HAI3BUYANHO TOKCHYHUMH JUTSI IEHTPAIBHOI HEPBOBOI CHCTEMH. 3a OCTaHHI
I'STh POKIB 3’SBUJIMCA JI€sIKi HOBOBBEJIEHHS Yy IMTaHHIX, L0 CTOCYIOTbCS MEXaHI3MIB
HEHPOTOKCUYHOCTI  XJopmipudocy, 30Kpema, OyJo HEOIHOPA30BO IMPOJEMOHCTPOBAHO, IO
TOKCUYHICTh XJOPMNUQOCy HE NIMITYeThCsS 1HTIOyBaHHSIM XOJiHECTEepa3u, a MOXK€ MaTH iHII
MexaHi3Mu aii. Hamri pesynbpratu mokasanu TokcuaHmid BB 20 uM koHIeHTpatii xiaopmipudocy
Ha MOJIOJIl HEHPOHU TIMOKaMITy B KYJIbTYpPi KIITHH.

10. T. Canvica

TOKCHYECKOE BJIUAHUE XJOPIIUPUPOCA HA HEMPOHBI
I'HNIIIIOKAMIIA IN VITRO

AHHOTAUUSA

VY4YuTBIBast MIMPOKOE UCTIOIH30BAHNE B MUPE Pa3HOOOPA3HBIX MECTUIIHIOB, OYCHb BaKHBIMH
ABJIIFOTCA HCCICAOBAHUA C LCJIbIHO ONPCACICHUA HUX BO3MOXHOTO BJIMAHUSA Ha HCHTPAJIBbHYIO
HEPBHYIO CHCTeMYy. B TIpeicTaBICHHOM WCCIEIOBAHUU N Vitro KyJlbTypa KICTOK HEHPOHOB
THUIIIOKaMIla KpPBIC GBIHa HUCIIOJBb30BaHa OJId TOTIO, I{T06LI YCTAaHOBUTL BBI3BIBACT JIU ,Z[CI\/'ICTBI/IG
xjopnupudoca — OAHOTO M3 CaMBIX PACIPOCTPAHCHHBIX B MHpe (DochopopraHUIeCKuX
NeCTUIHUA0B, KIICTOYHBIC TMOBPCKIACHUA HW KICTOYHYIO CMCPTh. brina MNpCANpruHsATa IIONbITKA
YCTaHOBHTH YPOBEHBb TOKCHYECKOTO A (eKTa HU3KHX 103 XJIoprnuprudoca Ha MOJIOIbIe HEHPOHKI B
YCIOBHUAX KJIETOYHOW KyJNbTyphl. JIaBHO HW3BECTHO, YTO XJOPNUPU(DOC SBISETCS HHTHOUTOPOM
aIleTHIIXOJMHACTEPA3bl U, YTO BBICOKAsI YYBCTBUTEIHLHOCTh XOJHHACTEpPa3 K GPochopopraHnIecKuM
I/IHFI/I6HTOpaM AcjacT 3TU I/IHI‘I/I6I/ITOpI>I B BBICIICH CTEIIEHH TOKCHUYHBLIMU JJISA HeHTpaﬂBHOﬁ
HEPBHOHM CHCTEMBI. 3a TIOCJIEIHHE TSTh JIET TOSBWIMCH HEKOTOPHIE HOBIIECTBA B BOMPOCAX,
KACaoIIUXCsI MEXaHU3MOB HEHPOTOKCHYHOCTH XJIOpIHUpU(OCa, B YACTHOCTH, ObLIO HEOAHOKPATHO
MPOJAEMOHCTPUPOBAHO, YTO TOKCHYHOCTh XJOpnupudoca HE JTUMHTUPYETCS HHTHOMPOBAaHHEM
XOJIMHAICTEpa3bl, a MOXET 00JajaTh APYTUMH MexaHu3MaMu JeiictBus. Hamm pesynbraThl



nokaszajin Tokcuueckoe BiausgHue 20 uM KoHIeHTpauuu xiuoprnupudoca Ha MOJOJbIE HEHPOHBI
TUINIOKAMIIA B KYJIbTYPE KJIETOK.
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