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Abstract

The aim of this study was to determine the individual and combined toxic effects of Kyleo
herbicide (160 g/l 2,4-D; 240 g/l glyphosate) and lead acetate on the development of chicken
embryos. The chicken eggs were dipped in the solution or emulsion of the test materials for
30 minutes before starting of incubation. The applied concentration of lead acetate was 0.01%
and of herbicide Kyleo was 1%. The treatments were performed on day O of incubation, and
the embryos were examined on day 19 by the followings: rate of embryo mortality, body
weight, type of developmental anomalies by macroscopic examination. The body weight was
evaluated statistically by one-way ANOVA with Tukey and Dunnett post-test, the mortality of
embryo and the developmental anomalies were analysed by Fisher test. Lead acetate alone
and in combination with herbicide significantly reduced the body weight of the embryos but
statistically increased the mortality of embryo. Single and concomitant administration of lead
acetate increased the rate of embryo mortality. Developmental abnormalities were observed
sporadically due to the single and simultaneous administration of the test items. Based on the
results there is a possibly additive toxic interaction between the lead acetate and Kyleo that

can highly reduce the viability of the embryos or can lead to extinction of wild birds.
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Osszefoglalds

Napjainkban az emberiség egyik legnagyobb megoldasra vard problémaja a természeti
kornyezet novekvd mértékli elszennyezddése. A kiilonbozé vegyi anyagok egyidejlileg
komoly kémiai terhelést jelenthetnek az egész ¢€l6vilag szamara, és mivel az interakcidkra
vonatkozoan csak kevés adat all a rendelkezésiinkre, ezért a legveszélyesebb nehézfémek
korébe sorolt 6lom, illetve egy széles korben alkalmazott herbicid, a glifozat és 2,4-D
kombindlt hatéanyagii Kyleo egyiittes méreghatasanak tanulmanyozasat végeztik el. Arra
kerestiik a valaszt, hogy a kornyezetszennyezésbdl adddd allandd nehézfém-expozicio,
kiegészitve egy gyakorlati permetlé toménységben alkalmazott Kyleo terheléssel; milyen
valtozasokat indukal a tesztszervezetként valasztott hazityk-embrid fejlddésében. A
kezeléseket a keltetést megel6z6 0. napon végeztiik el. Az embridkat vizsgalati anyagokbol
idore. A Kkisérlet soran az Olom-acetatot 0,01%-0s, a herbicidet 1%-os koncentracidban
alkalmaztuk. Az eredmények értékelése a keltetés 19. napjan tortént. A makroszkopos
vizsgalat keretében lemértiik az €16 embridk testtomegét, feljegyeztiik az elhulldsokat és a
fejlodési rendellenességeket és értékeltilk azok gyakorisagat. A vizsgalati anyagokkal
elvégzett egyedi és egylittes kezelések eredményeként a gyomirtoval egyedileg kezelt
csoporton kiviil a kezelt csoportokban az embriok testtomeg értékei szignifikansan kisebbek
voltak a kontroll csoporthoz viszonyitva. Az egyedi és egyiittes kezelések kovetkeztében
jelentkez6 elhullasok szama - a herbiciddel egyedileg kezelt csoport kivételével -
szignifikdnsan emelkedett a kontroll csoporthoz képest. A fejlodési rendellenességek

sporadikusan fordultak el6 a kezelt csoportokban, teratogén hatds nem volt igazolhat6.
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Kisérletiinkben felhasznalt 0,01%-0s 6lom-acetat oldat és Kyleo herbicid 1%-0s emulzidjanak
egyedi méreghatasa embridtoxikus volt a tojasban fejlodé hazityuk-embriokra. A kisérleti
anyagok egylittes alkalmazasa soran az embriotoxikus dozisa oOlom-acetdit mellett a
novényvédelmi gyakorlatban felhasznalt Kyleo gyomirtd szeres kezelés fokozta az

embriotoxicitast, a toxikus interakcié additiv jellegii volt.

Introduction

The chemical plant protecting process is one of the most important polluting activities in the
agricultural production. The ecosystem of a given habitat can be contaminated simultaneously
by sprayed pesticides and other xenobiotics, e.g. heavy metals due to the agricultural activities
during the plant protecting processes. Therefore, the chemical load can be occurred as a
complex problem, so the combined toxic effect, i.e. toxic interaction of at least two substances
can expected and the components can modify the effect of each other. Recently, the
examination of the combination of heavy metals and other chemicals gained significant
ground in both avian (Fejes et al., 2001; Kertész, 2001) and mammalian (Institoris et al.,
2001; Pecze et al., 2001) toxicology research studies. Furthermore, the interaction effects are
examined not only in the field of ecotoxicology, but also in all other areas that deal with
health care and chemical safety issues (Oskarsson, 1983; Danielsson et al., 1984; Speijers and

Speijers, 2004).

The different agricultural areas offer sources of food, shelter and breeding places to wild
birds, therefore the sprayed pesticide and other chemical substances can contaminate not only
the adults, but the embryos developing in egg, as well. The eggs of the wild birds may be
exposed to different chemicals on the cultivated lands at the same time and their toxic effects

may appear in embryo mortality and developmental anomalies.
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Teratological tests carried out on avian embryos provide useful data for environmental
protection and facilitate the development of environmental-friendly chemical plant protection

techniques (Varnagy et al., 1996).

The chicken embryo test is quick and accurate and allows the chemical impact on the embryo
to be investigated. The further advantage of this method is its low cost, the sensitivity against
various agents, as well as its high degree of similarity to the morphological development of
mammals (Korhonen et. al. 1981, 1982). Chicken embryos is a proper model animal. Testing

with it is providing the protection of wild bird population.

The aim of our study was to examine the toxic effect and interaction of lead acetate and
glyphosate and 2,4-D containing herbicide (Kyleo) on chicken embryos after single and

simultaneous administration of the test items by immersion technique.

Materials and Methods

Fertile chicken eggs of Farm breeds (Goldavis Ltd., Sarmellék, Hungary) were used in the
study. The eggs based on their size and weight, were divided into four homologue groups (40
eggs/group). The experimental design is presented in Table 1. They were incubated in a
Ragus type table incubator (Wien, Austria, in 2018) assuring the required temperature (37-
38°C), the relative humidity (50-65%) and the daily twice rotation of them to prevent the

adhesion of the embryo to the egg-shell (Bogenfiirst, 2004).
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Table 1. Experimental Design

Group No of eggs | Treatment

Lead acetate Kyleo
| (control) 40 - -
I 40 0.01% -
Il 40 - 1%
v 40 0.01% 1%

Before starting of incubation the eggs were immersed for 30 minutes into a solution or
emulsion with a temperature of 38°C, that were prepared from the test items or from their
combination. Then they were placed onto a filter paper after treatment to soak the unnecessary

liquid.

During the single and simultaneous administration lead acetate (Reanal-Ker Ltd., Budapest)
was applied with a concentration of 0.01%. The dose was selected based on previous studies
to produce toxic effect alone but not to all treated eggs (Fejes, 2005). The 2,4-D and
glyphosate containing herbicide, Kyleo (Nufarm Hungary Ltd., 160 g/I; 360 g/l) was used as
1% solution corresponding to that used in plant protection practice. The control group was
treated with avian physiological saline solution (NaCl, 0.75 w/v%). The details of the
experimental design are presented in Table 1. All eggs and embryos were examined and
processed on day 19 of incubation. During the processing rate of embryo mortality, body

weight of embryos and type of developmental anomalies were registered.

The distribution of body weight of the live embryos was controlled by Comparison-Quantile

Plot and was analysed statistically by one-way ANOVA. Data of groups were compared by
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Tukey and Dunnett tests. The statistical analysis of the results of embryo mortality and

developmental abnormalities were performed by Fisher’s exact test (Barath et al., 1996).

Results

The average body weight of the embryos was 20.27+1.27 g in Group II that was significantly
lower as compared to the control group (21.35+1.27 g; p=0.05). Due to Kyleo treatment the
body weight was reduced to 20.72+1.57 g without statistical difference compared to the

control.

The simultaneous administration of lead acetate and Kyleo resulted in significant decrease of
average body weight (Group IV: 20.21+1.59 g; p=0.05) as compared to the control (p=0.05)

(Figure 1).
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Figure 1. Body weight of the chicken embryos on day 19 of incubation from teratogenicity test
on Kyleo and lead acetate after single and simultaneous administration (g)

a: Significant decrease as compared to the control(p=0.05)
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The results of the embryo mortality and the developmental abnormalities are presented in

Table 2.

There was no died embryos in the control group. The single administration of lead acetate
increased the mortality up to 17.9% in Group Il. The changes were statistically different
(p=0.05) as compared to the Group | (control). The application of 1% Kyleo caused 5.1% of
mortality in the treated embryos of Group Il that was not significant as compared to the
control. Due to the simultaneous administration of 0.01% lead acetate and 1% Kyleo (Group
IV) induced significant increase (p=0.5) of embryo mortality (20.5%). Due to the
simultaneous application of the test items the mortality rate of the embryos was increased up
to 1.15 times higher compared to the Group Il and 4 times higher compared to Group Ill. This

increase is closely addition effect compared to the single treatments.

Table 2. Embryonic death and developmental anomalies from teratogenicity test of lead
acetate and Kyleo in chicken embryos after single and combined administration

No of embryos showing Death No/ No Rate of developmental
Group Treatment abnormality/No of live fertile eggs anomalies (%) Mortality (%)
embryos
| Control 0/39 0/39 0 0
1] Lead acetate 2/39 7/39° 5.1 17.9
11 Kyleo 3/39 2/39 1.7 5.1
v Lead acetate + Kyleo 3/39 8/39° 7.7 20.5

a: Significant difference as compared to the control (p=0.05)

Developmental abnormalities were not recorded in the control group. The 0.01% lead acetate

induced leg deformation and open abdomen (Group Il: 2) without statistical difference as
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compared to Group I. The applied concentration of Kyleo (1%) and lead acetate (0.01%)

induced leg deformation, growth retardation and beak malformation.

Discussions

The single treatment of lead acetate with 0.01% concentration induced embryotoxic effect in
chicken embryo that manifested in significant decrease of body weight and elevated rate of

embryo mortality.

The results of the individual teratogenicity studies on lead acetate in chicken are in
accordance with results of toxicity studies in other species. Depending on the dose, lead has
embryotoxic potential and may cause developmental anomalies (Ferm and Carpenter, 1967;
Varnagy and Budai, 1995). Similar results were found in chicken embryos treated with 0.01%
lead acetate (lower body weight, higher rate of embryo mortality) but the developmental

anomalies were not significant versus the control group (Juhész, 2009).

The glyphosate and 2,4-D containing Kyleo plant protection product with herbicidal action
was also embryotoxic on chicken embryos and resulted in non-significant reduce of body

weight and increase of mortality.

Glyphosate containing Roundup herbicide was examined by other researchers in Wistar rats.
Dams were treated orally with 500, 750 and 1000 mg/kg glyphosate via drinking water. The
results showed 50% mortality rate of dams treated with 1000 mg/kg glyphosate. Skeletal
alterations were observed in foetuses of the dams in groups treated with 500, 750 or 1000
mg/kg. Based on these data can be concluded that the glyphosate containing RoundUp is toxic

to dams and induces developmental retardation of the foetal skeleton (Dallegrave et al., 2003).
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Other studies reveal that acute treatment of male rats with 2,4-D caused reproductive system

toxicity mainly with dose of 200 mg/kg (Marouani et al., 2016).

Due to the simultaneous application of lead acetate and Kyleo the embryo mortality was

statistically higher than the individual effect.

Generally, the simultaneous application of heavy metals and pesticides may cause significant
increase of their toxic effect in comparison with the individual toxicity of the applied

components (Juhész, 2006).

According to the published literature the toxicity of many pesticide combinations is at least
additive. In some cases pesticide mixtures, if they particularly contain insecticide component,
have been shown to be synergistic effects, with reported increase in toxicity up to 100-fold.
However, these effects are species, time and dose dependent, therefore difficult to predict it

routinely (Thompson, 1996).
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