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Abstract: The aim of the study was the evaluation of the toxic effect of a two-
component, preparation Nurelle D 550 EC (500 g of chlorpyrifos and 50 g cypermethrin
per 11), administrated dermally. Toxicity was evaluated from histological and
ultrastructural studies of the internal organs and immunotoxic effects (evaluation of
phagocytical and bactericidal activity of neutrophils). The preparation for dermal
application was applied in 2 concentrations (200 mg/kg/day of chlorpyrifos plus 20
mg/kg/day of cypermethrin or 1000 mg/kg/day of chlorpyrifos, plus 100 mg/kg/day of
cypermethrin). The preparation was administrated on the tail skin of female Wistar rats
for 4 hours daily for a period of 4 weeks. After 28 days of the experiment, the animals
were anaesthetised and blood was taken from the heart to evaluate the granulocyte
system. The following organs were taken for histological studies: liver, kidney, lung,
heart, spleen, thymus and lymph nodes. Ultrastructural studies were carried out on the
lung, liver, kidney and heart. The results of the study showed that dermal application of
the pesticide Nurelle D 550 EC resulted in slight morphological and ultrastructural
changes in the liver, kidney, lung and heart. The preparation examined slightly elevated
the bactericidal activity of neutrophils. The differences, however, were not statistically
significant. The phagocytic reaction in animals of both experimental groups did not
differ from that observed in control group.
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INTRODUCTION four-fold increase was observed in the sensitivity of
animals to spasmatic effect of methomyl. The spasmatic
The list of chemicals used in Poland in 1998 covers 742ate was not noted only after the administration of
pesticides, including approximately 172 pesticidesmethomyl [30].
composed of 2 or more active substances. An interesting example of synergism in the toxic effect
The use of pesticides in mixtures may result iof 2 or more substances is the study conducted on hens
decreased toxicity of mixture components, additivexposed to one of the pyrethroids, permethrin and
toxicity or synergistic effects. The components whiclpyridostigmine (reversible cholinesterase inhibitors), for a
have no synergistic effect in acute poisoning also do nperiod of 2 months. These preparations, when applied
show these properties in subacute and chronseparately, did not exert a toxic effect. The exposure to
intoxication [35]. two or three preparations led to the occurrence of serious
In studies conducted on laboratory rats exposed teurological disorders in which 40-90% of animals died
lithium chloride, used as a drug in psychiatry, almost [d1]. After intragastric administration of pyridostygmine
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and subdermal administration of DEET (N,N-diethyl-mexchange of sister chromatida&s vivo in the spleen of
toluamide) or chlorpyrifos, in cases of co-exposurenice, in bone marrow, anih vitro in cell culture [2].
considerably greater neurophatologic changes were not8adipercypermethrin administered to rats intragastrically
compared to those observed after administration of eakdn 28 days (12.5, 8.75 and 4.38 mg/kg/day) had an
preparation separately [1]. inhibitory effect on phagocytic activity of granulocytes
The studies conductdd vitro on nerve cells exposed when administered in a higher dose, whereas lower doses
to pesticides (dimethoat, methyl azinofos, diazinomad no influence on the parameters examined [29].
methyl-pirimifos, benomyl) administrated separately anHowever, intragastric administration of alphacypermethrin
in mixtures showed that these pesticides, wheor 28 days in a dose of 12 mg/kg/day had no toxic effect
administered separately, exerted a greater inhibitory effeant the immunologic system [17].
on acetylcholinesterase activity than when applied inIn the literature available, no data were found
mixtures. Opposite results were obtained with respect ¢oncerning toxicity of dermally-applied pesticides
the synthesis of proteins [18]. mixtures composed of organophosphorus compounds and
Oritz et al.[21], in an acute experiment conducted omyrethroids. Dermal absorption of pesticides is especially
male rats, confirmed an interaction (dsDand cerebral important in occupational poisonings. The speed of
cholinesterase activity) between parathion and permethrabsorption depends on the solvent used and is usually
Xylene, when used as a solvent, did not affect thelower than the uptake by other routes. There are,
inhibition of cerebral cholinesterase induced byowever, organophosphorus insecticides which are more
permethrin. Also, no relationship was observed betweg¢oxic when administered dermally than orally. In the
mortality and the inhibition of cerebral cholinesterasstudiesin vitro, the rat epidermis was 20 times more
activity in rats which received mixtures of bothpermeable to cypermethrin than human epidermis [23].
preparations, or these components separately. However, in an experiment conducted vivo on rats,
Nurelle D 550 EC is an insecticide and its activenly 1% of dermally-applied cypermethrin marked with
substances are chlorpyrifos and cypermethrin. Chlorpyrifoarbon was absorbed after 8 hours [24]. Studies carried
(0,0-diethyl,0-3,5,6-trichloro-2-pirydyl-phosphorothioate) iut on humans showed that the dermal penetration of
an insecticide which, like other organophosphorugsyrethroids was low compared to other insecticides [10,
compounds, inhibits acetylcholine decomposition, ang2].
therefore increases the acetylcholine level in the synapticThe aim of the study was the investigation of the effect
space and stimulates specific receptors [19]. Wheai a dermally-applied Nurelle D 550 EC preparation on
administered orally in a dose of 1/10 4¢Dchlorpyrifos the histological and ultrastructural appearance of selected
led to a considerable inhibition of lactate dehydrogenasegans, and on the phagocytic and bactericidal activity of
glutamic pyruvic transaminase and glutamyltransferasgeripheral blood neutrophils.
The addition of 0.5% ascorbic acid to the diet had a
protective effect on the enzymes examined [8]. The MATERIALS AND METHODS
neurotoxic effect of chlorpyrifos has been examined by
many researchers. Transient behavioural states weréNurelle D 550 EC (500 g chlorpyrifos and 50 g
observed in newborn and 21-day-old rats after exposuredgpermethrin) (Dow Elanco, USA) was used in the study.
chlorpyrifos [4]. Chlorpyrifos may have an embriotoxicThe application liquid was in the form of a water solution.
and fetotoxic effect [5]. However, no teratogenic or The study was conducted on 3 month old female Wistar
oncogenic effect was noted [9]. rats, in good condition, with no macroscopic changes of
Cypermethrin [R)-cyano-3-phenoxybenzyllR)-cis-3- the tail skin. The animals, fed with standard feed LSM
(2,2-dichlorovinyl)-2,2-dimethyl-cyclopropanecarboxylate[13], were separated into 3 groups (2 experimental and 1
is an active pyrethroid intensively controlling a widecontrol), of 10 rats each. Experimental groups received
spectrum of pests in agriculture and animal breeding.200 mg/kg/day chlorpiryfos plus 20 mg/kg/day
appears on the market in the form of a concentrategipermethrin, or 1000 mg/kg/day chlorpiryfos plus 100
suspension or in a mixture with other insecticides (Nurelleg/kg/day cypermethrin dermally, for 4 weeks, except
D 550 EC). Administration of this preparation to rats ifbaturdays and Sundays. The examined preparation was
doses of 200 and 180 mg/kg body mass (b.m.) for epplied on the tail skin of rats with the use of an
period of 5 and 13 weeks did not result in histopathologabsorptive fabric FPP-15, and isolated from the
and hematologic changes. A high dose led to thenvironment with aluminium foil [27]. The time of
symptoms of poisoning associated with changes in tlegposure was 4 hours daily. The animals of the control
nervous system, as well as a decrease in the body masgroup were exposed to the dermal absorption of the water
increase in the mass of the liver and kidneys. Similat the same time and under the same conditions.
results were obtained based on studies conducted on dogAfter 28 days of the experiment, the animals were
[33]. anaesthetized and blood taken from the heart in order to
The sensitivity of newborn rats to the toxic effect oévaluate the activity of granulocytic system. For
cypermethrin is considerably greater than in adult rats [3valuation of phagocytic properties of neutrophils, a
Cypermethrin induces chromosome aberrations and tpkagocytic reaction with Bacto-Latex (Difco, USA) and
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Figure 1. Liver of a rat exposed by dermal absorption to chlorpyrifosigure 2. Kidney of a rat exposed by dermal absorption to chlorpyrifos
and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kand cypermethrin (1000 mg/kg chlorpyrifos and 100 mglkg
cypermethrin). A few small infiltrations consisted of lymphocytes ancypermethrin). A few infiltrations of mononuclear cells were noted

histiocytes. In single hepatocytes signs of parenchyma degeneration.petween the proximal tubules or around blood vessels. H-E, x 160.
E, x 160.

NBT test were used. In phagocytic test, cells containing 3 RESULTS
latex grains were considered as positive [26]. In the NBT
test, cells containing large grains of formazan were alsoHistologic and ultrastructural studies. In histological
considered as positive [22]. In both tests, full peripheratudies of the liver after administration of the higher dose
blood was used. In each test, 100 cells were counted. Tdfehe mixture of chlorpyrifos and cypermethrin, in 40%
numbers of positive cells per 100 cells analysed weecd animals a few small infiltrations were observed
determined as indices of the tests applied. consisting of lymphocytes and histiocytes located between
For histological examination, the lung, liver, hearthepatocytes. In single liver cells, signs of parenchyma
kidney, thymus, spleen and lymphatic nodes wem@egeneration were noted (Fig. 1).
evaluated. Organs were fixed in 10% neutral buffered On the level of an electron microscope, after administration
formalin, embedded in paraffin and stained with H+E. Faf a lower dose of the mixture, slight empty cytoplasm
ultrastructural studies, the heart, liver, kidney and lungpaces were observed in the vascular pole of single
were examined. The material was fixed in 4%epatocytes. These empty spaces were filled with a small
glutaraldehyde buffered to pH 7.2-7.4 with 0.1 M sodiuramount of membranous and granular material (Fig. 4).
cocadylate and postfixed with 1% water solution of ©sOWhen a higher dose of the pesticide was administered, the
Dehydration was carried out with ethyl alcohol in ahanges affected a greater number of cells. In some cells
concentration up to absolute. The material was embeddadincreased number of peroxysomes were observed (Fig. 5).
in Epon 812. Ultrathin specimens were observed andIn kidneys, after administration of the higher dose of
photographs taken using a Tesla BS 500 electréne mixture, in 40% of animals a few infiltrations of
microscope. mononuclear cells were noted between the proximal
The results were presented as méan (x) + standard ertrdsules or around blood vessels (Fig. 2).
(SEM). Statistical analysis was performed by the parametricln ultrastructural specimens from animals of the
Student’s t-test. experimental group, which were administered chlorpyrifos
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Table 1 Results of nitrobluetetrazolium test (NBT) and of the
phagocytosis latex test (PLT) with whole blood neutrophils in rats
exposed by dermal absorption to Nurelle D 550 EC (500 g chlorpyrifos
and 50 g cypermethrin).

Examined groups N Index of NBT Index of PLT
(X £ SEM) (X £ SEM)

Rats exposed to:
Chlorpyrifos 200 mg/kg 10 75+1.68 93.0+0.74
Cypermethrin 20 mg/kg

Rats exposed to:
Chlorpyrifos 1000 mg/kg 10 9.1+2.17 93.0+1.04
Cypermethrin 100 mg/kg

Control group 10 5.4+1.29 89.6 +2.01

No changes were observed in the histologic structure of
spleen, thymus and lymph nodes.

Immunologic studies. Chlorpyrifos plus cypermethrin
applied to the tail skin in doses of 1000 mg/kg/day plus
100 mg/kg/day or 200 mg/kg/day plus 20 mg/kg/day,
respectively, caused a slightly elevated bactericidal
activity of neutrophils compared to the control group. The
differences, however, were not statistically significant.
The slightly elevated, phagocytic reaction in animals of
both experimental groups did not differ statistically from
that observed in the control group (Tab. 1).

Figure 3. Lung of a rat exposed by dermal absorption to chlorpyrifos and

cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg cypermethrin). Foci DISCUSSION
of various sizes consisting of lymphatic tissue and foam cells. H-E, x 160.

Based on our previous studies concerning the effect of
and cypermethrin in a lower dose, degenerative changgdorfenvinfos, carbaryl, and the mixture of both
of small intensity were observed in some cells gbreparations administered intragastrically for a period of 3
proximal tubules. These changes consisted of emptyonths in doses of 1/10, 1/50 and 1/100s4.o clear
spaces and partial vacuolization of the cytoplasm. Thiestructive changes were observed in the internal organs
above changes intensified after administration of a highef rats [14]. A single dermal application of 5%
dose of the pesticide and were accompanied by ahlorpyrifos also did not cause changes in the internal
increase in the number of electron dense bodies (Fig. 6)gans [27]. No changes were observed in the liver after
The disorders also affected a few renal glomeruli arafal administration of chlorpyrifos in the dose 50 mg/kg
were manifested as vacuolization and lighting of bas[@4]. Alphacypermethrin dermally-applied in rats in the
cytoplasm of podocytes (Fig. 7). dose 250 mg/kg/day for a period of 28 days led to slight

In the lungs of a small number of animals, foci oEhanges in the liver, kidneys, lungs and heart, discernable
various sizes were observed consisting of lymphatic tissbe light and electron microscopy [15].
and foam cells, both beneath the capsule and inThestudies by Lukowicz-Ratajczak and Krechniak [16]
interalveolar septa (Fig. 3). Ultrastructural studies showexh the influence of cypermethrin on the renal function and
deviations in the structure of cells in a few alveoli, anthetabolism showed that this preparation has no
only in short segments of the respiratory barrier afterephrotoxic effect. Toukhy and Girgis [28], described an
administration of a higher dose of the mixture. The changesibitory effect of cypermethrin on the activity of total
were manifested by the swelling of both vascular endothel/sT'P in the liver of rats, which may cause disorders in the
cells and type | alveolar epithelial cells (Fig. 8). active transport of Na+, K+ and Ca++ ions, and lead to

In sub-microscopic studies, swelling of mitochondrigathologic changes in the liver cells.
was noted in some cardiomyocytes, as well as swelling ofPerger and Szadkowski [23], reported a slight growth
endothelium in capillary vessels of the heart muscle aftef nodules in the lungs of female rats after administration
administration of a higher dose of chlorpyrifos an@f cypermethrin. In other subacute and acute studies of
cypermethrin (Fig. 9). the toxicity of pyrethroids on laboratory animals,
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Figure 4. Liver of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (200 mg/kg chlorpyrifos and 20 mg/kg cypermethrin). Empty
spaces within a hepatocyte (S) with a small amount of membranous and granular material. EM, x 15 000.

Figure 5. Liver of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg cypermethrin).
Increased number of peroxysomes (P) in some cells. EM, x 10 000.
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Figure 6.Kidney of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg cypermethrin). An
increase in the number of electron dense bodies (DB). EM, x 10 000.
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Figure 7. Kidney of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg cypermethrin).
Vacuolization (V) and lighting of basic cytoplasm of podocytes . EM, x 10 000.

i
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Figure 8. Lung of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg cypermethrin). The
swelling of vascular endothelial cells (En) and type | alveolar epithelial cells (Pn). EM, x 20 000.

Figure 9. Myocardium of a rat exposed by dermal absorption to chlorpyrifos and cypermethrin (1000 mg/kg chlorpyrifos and 100 mg/kg
cypermethrin). Swelling of mitochondria (M) in cardiomyocytes and swelling of endothelium (En) in capillary vessels. EM, x 10 000.
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