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Abstract: Nurelle D 550 EC preparation (Dow Elanco, USA) was applied in the study.
The contents of biologically active substances in 1l of the preparation was: 500 g
chlorpyrifos and 50 g of cypermethrin. The experimental studies were conducted on 4
groups of rats (2 control - 10 animals in each group, and 2 experimental - 40 animals in
each group). The experimental groups were dermally administered a mixture of 27.8
mg/cnt of chlorpyrifos and 2.7 mg/chof cypermethrin for a period of 1 week and 4
weeks (4 h daily). The control groups did not participate in the experiment. Blood was
taken from the heart after 1 day, 1 week, 2 and 3 weeks after the administration of the
preparation in order to determine cholinesterase activity in serum, and the brain was
taken to evaluate brain cholinesterase activity. The brain for histologic studies was
taken from rats 3 weeks after the experiment. The cholinesterase levels in the serum and
brain initially decrease and then return to normal at 2 and 3 weeks post-exposure,
respectively. Slight histopathological changes in various areas of the brain as well as
increased density of the cytoplasm in neurocytes in both experimental groups were
observed 3 weeks post-exposure.
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INTRODUCTION The mixture examined inhibited serum cholinesterase
(ChE) and acetylcholinesterase (AChE) activity, after 1-
Previous studies showed that chlorpyrifos and cypeweek, as well as 4-weeks application, after the application
methrin applied in the form of a mixture on rat’s tail skirof both the higher and the lower dose of the preparation [9].
for 4 weeks in the doses of 1,000 mg/kg b.m. and 100In literature, reports are available concerning the effect
mg/kg respectively, and 200 mg/kg b.m. and 20 mg/kgf chlorpyrifos and cypermethrin administered separately
b.m., resulted in slight histopathological changes in then the activity of serum cholinesterase (ChE) and brain
brain. The changes concerned the density of tlaeetylcholinesterase (AChE), as well as on the reversibility
cytoplasm of single neurocytes or their foci in theof changes observed in various species of animals [1, 2, 3,
molecular layer of the dentate gyrus, in stratuM, 6, 10, 11, 12]. However, no reports have been found
hippocampi CA 1, in piramidal cells of the cerebral cortedealing with the effect of the mixture of the 2 preparations
in corpus striatum, as well as in Purkinje cells in thexamined on the reversibility of changes in the above-
cerebellum [8]. mentioned enzymes.
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Table 1.Analysis of reversibility of changes in cholinesterase (ChE) after 1-week and a 4-week exposure to the mixture of cH@pymifg/srh
and cypermethrin 2.7 mg/ém

Time after exposure

1 day 1 week 2 weeks 3 weeks Control group
1-week exposure x+SD 305.61+39.52 614.54 + 165.08 1405.00 £ 247.34 1499.45 + 223.64 1472.86 £ 396.11
n 10 10 7 10 7
inhibition (%) 79.3 58.3 4.6 0 0
4-week exposure x +=SD 149.00 +15.44* 779.37 +104.34* 1711.11 £228.11 1929.62 £ 536.24 1844.14 + 360.55
n 10 10 10 10 10
inhibition (%) 92 57.7 0.7 0 0

" p < 0.0001 compared to control.

Table 2. Analysis of reversibility of changes in cholinesterase (AChE) after 1-week and 4-week exposure to the mixture of chRyt@yrifgkm
and cypermethrin 2.7 mg/ém

Time after exposure

1 day 1 week 2 weeks 3 weeks Control group
1-week exposure  x + SD 3.36 £ 0.326 4.61+5.08 5.39 £ 0.250 6.42 £ 0.229 6.44 £ 0.434
n 13 17 9 12 8
inhibition (%) 47.8 28.4 16.3 0 0
4-week exposure  x +SD 1.23+0.179 3.96 £ 0.367 5.21+0.134 6.47 £0.121 6.49 +0.289
n 10 10 10 10 10
inhibition (%) 81.1 39 19.7 0 0

" p < 0.0001 compared to control.

The aim of the study was to determine whethdahe environment [13]. Control groups did not participate
biochemical changes (serum cholinesterase and brainthe experiment. After 1 day, 1 week, 2 and 3 weeks of
acetylcholinesterase), and histologic changes in the brdire experiment, blood was taken from the heart to evaluate
after dermal application of the mixture of chlorpyrifos anaholinesterase activity in serum, and the brain was also
cypermethrin in acute (1-week) and sub-acute (4-weekisken to determine brain acetylcholinesterase activity. The
experiment are reversible, and after what period thectivity of the enzymes was evaluated by the Ellman (1961)

return to the initial state. colorimetric method using propionylotiocholine iodide
and eserine salicylate as an inhibitor of the reaction [5].
MATERIAL AND METHODS The brain for histologic studies was taken 3 weeks after

the experiment, and perfused with a solution of methanol,
The preparation Nurelle D 550 EC (Dow Elanco, USAjormalin and glacial acetic acid (8:1:1), then cut into
was applied in the study. The contents of biologicallgections which were stained by the Nissel method [14].
active substances in 1l of the preparation is: 500 g of The results of biochemical tests obtained were subject to
chlorpyrifos and 50 g of cypermethrin. The preparatiostatistical analysis by means of a Studerpgarametric test.
was administered in the form of a water suspension. The
mixture used in the study was applied in the same RESULTS
proportion as in the preparation. The study was conducted
on 3-month-old female Wistar rats, in good condition, Biochemical studies.The results of the study show
with no macroscopic changes observed on tail skin. Tlileat chlorpyrifos and cypermethrin administered to the tail
animals were fed with standard fodder LSM and watereskin of rats in a mixture (27.8 mg/érof chlorpyrifos and
ad libitum [7]. At the beginning of the experiment, the2.7 mg/cmi of cypermethrin) for a period of 1 and 4
body mass of rats ranged from 190-230 g. weeks, resulted within 1 day after the experiment in a
The study was conducted on 4 groups of rats (2 controbnsiderable decrease in serum cholinesterase activity
groups, 10 animals in each group; and 2 experimenig < 0.0001), which in consequence led to 79% inhibition
groups - 40 animals in each group). The experimentaf the enzyme in the 1-week experiment, and 92%
groups received a mixture of 27.8 mgfonfi chlorpyrifos  inhibition in the 4-week experiment. One week after the
and 2.7 mg/crhof cypermethrin dermally for a period of exposure, a considerable inhibition of the enzyme in the
1 and 4 weeks (4 h daily). The preparation was applied study was still observed (58% in 1-week, as well as in 4-
the tail skin (9 crf) with the use of an absorptive fabricweek experiments), the inibition being highly significant
FPP-15, and covered with aluminium foil to isolate it fronstatistically (p < 0.0001) (Tab. 1). Two weeks after the
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Figure 1. Brain of rat exposed for 1 week to dermal absorption of &igure 2. Brain of rat exposed for 4 weeks to dermal absorption of a
mixture of 27.8 mg/cof chlorpyrifos and 2.7 mg/chof cypermethrin,  mixture of 27.8 mg/cfof chlorpyrifos and 2.7 mg/chof cypermethrin,
3 weeks after exposure. Pycnosis of the cytoplasm in the cells of tBeveeks after exposure. Pycnosis of the cytoplasm in the cells of the
stratum polymorphica of cortex cerebri. Stained according to the Nisdglus fasciae dentatae. Stained according to the Nissel method, x 320.
method, x 320.
experiment, the level of the enzyme examined was close DISCUSSION
to the control values in both experimental groups (5% and
1% inhibition). Three weeks after the experiment, no The data from litertature indicate that after the
inhibition of enzyme in the study was observed, neithedministration of a single dose of cypermethrin, the
after 1 nor 4 weeks administration of the preparation.  activity of serum acetylcholinesterase in the erythrocytes
At 1 day, 1 week and 2 weeks post-exposure, thad rats initially declines, but shows a tendency towards
activity of brain acetylcholinesterase was significantly loweatecovery at 2 weeks post-exposure [6].
statistically in the two experimental groups, compared to Reddy et al. [12], after administration of sublethal
the control group (p < 0.0001). After 1-week of exposureoncentrations of cypermethrin, observed significant
the percentage of inhibition of AChE activity in thechanges in acetylcholinesterase (AChE) content in the
experimental group compared to the control was 48%rain tissue of both juvenile and adult-fish. Maximum
28% and 16% respectively (Tab. 2), and after 4-weeks ifhibition of AChE activity was noticed at 6 and 12 hours
administration of the substance it was higher - 81%, 398%6ter exposure to cypermethrin in juvenile and adult fish
and 20% respectively. At 3 weeks post-exposure, mespectively. During subsequent periods, the rate of
difference was noted in the activity of the enzymeecovery in AChE activity level was variable in both
examined between the experimental and control groups.groups.
Chlorpyrifos administered at a dose of 13 mg/kg to
Histologic studies. Three weeks post-exposure ofquail led to a strong inhibition of brain acetylcholineste-
chlorpyrifos and cypermethrin administered in a mixturease (AChE) (76.6%) and plasma cholinesterase (ChE)
for periods of 1 and 4 weeks, histological changes in tl{80.1%) at 8 hours post-administration. Plasma ChE
brain of rats involved increased density of the cytoplasnecovered rapidly; however, even after a 4 day recovery,
in cells of the cortex cerebri (Fig. 1), stratum hippocampZhE values of quail that had received chlorpyrifos were
CA 1, in the hilus area dentatae (Fig. 2), in the neurocytelghtly higher than those of controls. The recovery of
of the thalamus nuclei and in Purkinije cells of thdrain AChE activity was slower than that of plasma. It
cerebellum (Fig. 3). reached 59% of controls 2 days after chlorpyriphos



200 Latuszynska J, Luty S, Raszewski G, Przebirowska D, Tokarska -Rodak M

activity in serum (p <0.0001), which resulted in 79%
inhibition of the enzyme in the 1-week exposure and 92%
inhibition in the 4-week exposure. At 1 week post-
exposure, considerable inhibition of the enzyme examined
was still observed (58% in both 1 week and 4-week
experiments), this inhibition being highly significant
statistically (p <0.0001). Two weeks after the exposure,
the level of the enzyme in the study was close to the
control values in both experimental groups (5% and 1%
inhibition). Three weeks after the exposure, no inhibition
of the enzyme’s activity was noted, either after the 1-
week or 4-week administration of the preparation.

At 1 day, 1 week, and 2 weeks post-exposure the
activity of brain acetylcholinesterase was significantly
lower statistically, compared to the control group, in both
experimental groups (p < 0.0001) - 48%, 28% and 16%,
respectively, after the 1-week exposure and 81%, 39%
and 20%, respectively, after the 4-week administration of
the mixture. Three weeks post-exposure, no differences
were observed in the activity of the enzyme examined
between the experimental and control groups.

Garcia-Camberet al. [4] observed no clinical signs or
mortality after administration of 13 mg/kg chlorpyrifos to
quail. Histopathological changes in the central nervous
system concerned an encephalytic reaction and necrotic
Purkinje cells. In our previous studies, chlorpyrifos (27.8
mg/cnf) and cypermethrin (2.7 mg/@rafter 1 week and
4-weeks application on the tail skin, lead to changes
manifested by pycnosis of neurocytes in various areas of
fﬂig(urf 3-f52’$ig r?]f /fs‘;rgf’mzfd iﬁ; S“a"r‘l’zezkitr;’ ?;;g]}i' agfmotﬂ‘r’; of the brain. Most often, the changes were clear in the cells
3 wt:eisoafter exp?osure. Pycr?gsis of the cytoplgasm ofyt’;e Purkinjé céﬂg the, stratum granulpsum In areae dentat_e' stratum
in cerebellum. Stained according to the Nissel method, x 320. pyramidale hippocampi (CA 1) and pycnosis of the

cytoplasm in single cells of layer pyramidale of the cortex
administration, then recovered slowly, reaching the contrGEr€Pri. area pyriformis of the cortex cerebri, Purkinje
level after 11 days of recovery [4]. ceIIs_and n_ucleus_ medialis in the cerebellum. The _braln

Chlorpyrifos administered orally to pregnant femal or histologic studies was taken after the end experiment
rats (14—18 day of pregnancy) at a dose of 50 mg/kg botR)- In our present 'study, at 3 weeks ppst-exposure of the
mass (61% of oral L§) resulted in a considerable Ixture _Of chlorpyrifos and cypermethrln_(27.8 mg?(pﬁ
inhibition of the spinal cord AChE as early as 1 hour afteﬁhlorpy”fOS and 2.7_mg/c?rpf cypermethnn), for pe_nods
poisoning [2]. Similar results were obtained by Abu-Qaer 1 and 4 weeks, h'StOI(.)g'CaI changes in th? brain of rats
et al. [1], where chlorpyrifos was applied dermally to/nvolved mcrgased denS|_ty of the c_ytoplas_m in ceI_Is of the
pregnant female rats in a dose of 30 mg/kg body maggrtex cergbrl, stratum hippocampi CA 1, in the hllgs area
(15% of dermal LBy). Subcutaneous administration of & entgt'e_le, in the neurocytes of the thalamus nuclei and in
single dose of 279 mg/kg chlorpyrifos resulted in th&Urkiniie cells of the cerebellum. _
inhibition of cholinesterase activity in plasma and 'Ifh.e present study _shows that changes concerning the
erythrocytes, as well as high acetylcholinesterase inhibiti@¢tVity of serum cholinesterase, as well as brain acetyl-
in the whole brain (over 90%), which persisted for up to ghollesteras_e, are reverS|t_)Ie (2and 3 wee_ks after the_end
days after administration of the preparation [10]. Repeat@ the experiment, respectively), whereas histopathological

subcutaneous injections of chlorpyrifos (40 mg/kg for nanges persist longer.
days) caused an extensive inhibition of brain cholineste-

rase activity in the cortex, hippocampus and striatum CONCLUSIONS
among adult rats, 4 and 14 days after the last injection (by
92-98% and 71-78%, respectively) [3]. The results of the study showed that:

The present study shows that chlorpyrifos and ¢ the level of cholinesterase (ChE) in serum decreases
cypermethrin administered in combination to the tail skimitially after dermal exposure to a mixture of chlorpyrifos
of rats (27.8 mg/cmof chlorpyrifos and 2.7 mg/chof  and cypermethrin and recovers to control values 2 weeks
cypermethrin) for 1 and 4 weeks led, within 1 day afteafter the end of the experiment in both 1-week and 4-
the experiment, to a considerable decrease in cholinesterasek exposure groups;
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+ the level of acetylcholinesterase (AChE) in brain > Ellman GL, Courtney KD, Anders V, Feathrstone RM: A new and

. : id colorimetric determination of acetylcholinoesterase activity.
decreases initially after dermal exposure to a mixture é?gchem Pharmacdl961.7, 88.95.

chlorpyrifos and cypermethrin and recovers to the control . ale M, Rathore N, John S, Bhatnagar D: Lipid peroxidative
level 3 weeks after the end of the administration of th&amage on pyrethroid exposure and alterations in antioxidant rat

preparation in the 1-week and 4-week exposure; erythrocytes: a possible involvement of reactive oxygen spdaeg:ol
. . . . . Lett 1999,3, 197-205.
* slight histopathological changes in various areas of ;" sjikowskaPrasat I, Kifer-Wysocka E, Matysiak WGegenbaurus

the brain so as increased density of the cytoplasm frphol Jahrb Leipzig 1990136, 565-574
neurocytes in both experimental groups 3 weeks post-8. Latugynska J, Luty S, Halliop J, Przylepa E, Tochman A,

exposure were observed. Obuchowska D, Korczak E: Studies of toxicity of dermally-absorbed
Nurelle D 550 EC preparation8nn Agric Environ Medl999,6, 151-
159.
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