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Abstract: The human species has never been as vulnerable to its environment, particularly in relation to the
disturbances that it even introduced. The problem is essentially that of the urban environment soon where 90%
of the population lives, while the sources of toxic exposure to electromagnetic fields continue to multiply.
Currently in toxicology, the use of alternative models permits to understand the mechanisms of toxic action at
different levels of the organization of the cell. The main objective of our work is to study the effect of the
acaricide: the Bifenazate on ciliate protists freshwater: Paramecium sp. To do this, we tested the effect of this
xenobiotic at different concentrations (10, 20, 40 and 80uM) on aliquots of 50ml of culture of paramecium done
beforehand. The results obtained show that the growth of paramecium is a sensitive to the product and at the
high concentrations. The toxicity was evaluated by determining the IC 50 and by calculating the percentage
response, which evaluates the response of protists towards the pollutant and thus confirms the evolution of
the growth curve. The variation in the rate of total protein concentrations according to Bifenazate compared
to the control reflects the ability of microorganisms to the metabolisation/ detoxification. The measurement of
respiratory activity shows inhibition of oxygen consumption reflecting a fatal effect of this acaricide.
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INTRODUCTION For the first, discovered in 1990 by Uniroyal Chemical

and marketed by Crompton Corporation in 1999 [2-4], it is

Pesticides are chemical products used to eliminate
the harmful organisms, but most of them will also affect
the non-target or beneficial organisms, with direct way
(absorption, ingestion, respiration, etc...) or indirect way
(via another contaminated, polluted water, etc.). The
effects on biodiversity, including flora and fauna in
terrestrial and aquatic, are undeniable.

Several phenomena may, in fact, increase the
impact of pesticides on wildlife. Between these: the
spread of products, non-selectivity and toxicity of the
active molecule, the persistence of the molecule and
its ability to accumulate in the food chain and finally
the form and preparation of pesticide.

Over 90%  of
organophosphates, carbamates and pyrethroids with
action on the nervous system [1]. Among these products
we have chosen an insecticide the Bifenazate.

synthetic  insecticides are

a selective acaricide of the family of Hydrazine carboxylate
which can control a variety of mite pests of greenhouse
ornamentals, apples, pears, citrus fruits and cotton.
Preliminary studies on its mode of action indicate that the
high concentrations of Bifenazate act on receptors on
post-synaptic GABA nervous system of insects [5, 4].
However, this information has not yet been supported by
researches; the Bifenazate is classified in group 25 from
the IRAC (Insecticide Resistance Action Committee)
inhibitor neurons, but with unknown mode of action.

This study was undertaken to better characterize
the mechanism of action of this pesticide at different
levels of organization of the cell. They allow to specify the
interactions between a test molecule and target cells and
to identify the disturbed metabolism, altered or induced
by these elements to explain either their toxicity or their
tolerance by the cell.
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MATERIALS AND METHODS

Chemicals: The used acaricide in our work was
provided by Professor Guy Smagghe laboratory
Director of Agrozoology in Gent University, Belgium

(Fig 1).

Cell Culture and Treatment: The culture medium of
paramecium was performed according to the method
of [1].

Xenobiotic was tested in aliquots of 50ml of culture,
four concentrations were chosen: 10, 20, 40 and 80uM
(the tests are repeated three times and results are
expressed as the mean = Error.

Kinetics of Growth: The growth kinetics of paramecium is
done by measuring the optical density (OD) at wave
length A = 600 nm [6].

Calculating the Percentage Response and the IC,,;:
The toxicity was evaluated by determining the IC,
which determines the concentration which, under
standard conditions, inhibits 50% of population [7] and
the percentage of response which assesses response of
protists in presence of the pollutant, according to the
equation:
PR = [(NC - BN) / NC] x 100 [1]
The positive values of response percentage indicate
an inhibition of growth, while negative values indicate a
stimulation of growth.

Determination of Total Protein: Proteins are determined
by the method of [8]. The density is measured at a

wavelength of 595nm by spectrophotometer type
JENWAY 3600.
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Fig. 1: Bifenazate Chemical Formula
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Polarographic Measurement: The used machine is an
oxygen electrode, type HANSATECH, which allows the
measurement of oxygen output or consumption [9], in the
order of nanomole.

Statistical Analysis: The analysis of variance with two
controlled factors is used to estimate the differences
reported for the different studied parameters.

RESULTS

Effect of Bifenazate at Different Concentrations:
Figure (2) shows a decrease in the growth of cells up to
the 4th day, for grow thereafter and achieve the 6th day
OD = 0.180 nm. In parallel, cells treated with 10 and 20pM
illustrate a condition almost identical to that of Controls.
For those treated with 40 and 80uM, a gradual inhibition
of cell growth is observed almost from the 1% day of
treatment

Calculating the Response Percentage and the IC,;:
The percentage of response [1] which is a parameter
for evaluating the effect of the pesticide at different
concentrations confirms the results obtained concerning
the kinetics of growth of the studied microorganism.

Figure (3) shows that the response percentage of
paramecium is dose-dependent and proportional to
increasing concentrations of the Bifenazate, it is 5.55% for
the concentration of 10uM to thereafter 62.77 % at 80uM
where over half the population is inhibited by this dose.

To characterize the toxicity, we determine the 50%
inhibitory concentration (ICs,). The rates corrected of
normality obtained are transformed into probite and allow
establish a straight line regression based on the decimal
logarithms of the doses used. According the curve, we
can determine all the outstanding doses (ICs,, IC,4, 1Cs,)
and the Slope (the slope of the regression line).
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Effect of Bifenazate on paramecium cell growth
according the time in Hours (P<0.001)

Fig. 2:
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Fig. 3: Evolution of the response percentage of
paramecium in  presence of  different
concentrations of Bifenazate
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Fig. 4: Variation in the rate of total protein level

according to concentrations of Bifenazate,
p<0.001

Table 1: Determination of ICs,

Bifenazate
Exposition 1Cso (M) Slope
72h 261.8 0.058
96 h 57.22 0.295
120 h 40.90 0.477

Note that the inhibitory concentration decreases with
the duration of exposure (Tablel).

Effects of Bifenazate on the Rate of Total Protein:
Changes in the rate of total proteins obtained are
represented in Figure4.

We note that the protein rate increases according to
concentrations of Bifenazate compared to the control, it
decreased thereafter to 80pM.
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Fig. 5: Effect of Bifenazate on the respiratory metabolism
of paramecium

Effects of Bifenazate on the Respiratory Metabolism:
Figure (5) illustrates the effect of product on the
respiratory metabolism during 5 days (96 h) of treatment.
At low concentrations (10 and 20 pM) the amount of
consumed O, decreases slightly compared to the control.
In high concentrations (40 and 80uM) the amount of
consumed O, decreases significantly compared to
controls (and even at 24 hours)

DISCUSSION

Water quality is essential for the maintaining the
health of aquatic organisms, the presence of toxic
substances in water is a threat to organisms that living
there. The report of the agency for protection of the
environment of 1990 suggests that the pollution of rivers
and ponds come mainly from agriculture [10]. Many
pesticides are used indiscriminately by the farmers to
control pests. They cause water pollution and affect
the organisms including protozoa, especially the
paramecium [11].

The paramecium cells were used in the past for
the rapid assessment of the toxicity of pesticides
[12-15]. These protists, ubiquitous in aquatic and
terrestrial environment, characterized by a short life cycle
[16] which led us to use them as cellular models to study
the impact of xenobiotics and the assessment of health
risks [6].

The Evaluation of cytotoxic effects of a xenobiotic
can be performed using different parameters, including
cell growth, which reflects the state of cell metabolism
[6,17].

Thus our results show that at low concentrations,
the Bifenazate has little effect on cell growth, this could be
either:
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*  The adsorption of xenobiotics on the cell membrane
and the presence of cuticle in paramecium, which
make them resistant but remain nevertheless
permeable [18].

* To reach their molecular targets, the acaricides
penetrate inside the body through either the cuticle
or the walls of the digestive tract. This penetration
occurs at a speed which, for the same toxic, varies
from one species to another. If the kinetics of
penetration is sufficiently slow, the acaricide can be
degraded by the detoxification systems and will have
little effect [19].

The percentage of response [1] confirms the trend of
growth curves of paramecium processed, thus it seems
clear that the xenobiotic is inhibitors of the growth of
paramecium in high concentrations.. In fact, the growth
highlights a slight inhibition to approximately 72 hours
and for low concentrations with an IC,, of 261.8uM. These
results are consistent with those of [11] which showed a
decrease in population density of paramecium exposed to
1 and 100 ppm of Monocrotophos (MCP). The same is
true for [1, 14]. Our results are the same lines as those of
[20] that worked on Phytoseiulus persimilis, Amblyseius
fallacis and nymphs of Orius insidiosus where the LCs,
of A. fallacis is 7.6 times higher than what is indicated on
the packaging.

However, inefficiency of Bifenazate at
concentrations is because it is one of the few acaricides
which contains no heavy metals or halogens which
could cause different toxic effects when applied at high
doses [21].

The Bifenazate is a selective acaricide reported as
Neurotoxic but this information has not yet been
supported by studies. It is always regarded as an inhibitor
of neurons, but we do not know the exact mode of action
[4, 5]. According to [21], they suggested that the
Bifenazate acts on another site that the receptors
post-synaptic GABA, most likely encoded by the
mitochondrial genome.

The increased dose-dependent of total protein rate
could be explained by the fact that the presence of
xenobiotics in the cell stimulates protein synthesis of
many enzymes and reflects the ability of these
microorganisms to the metabolisation/detoxification as
with the enzyme Cyt P,,, Monooxygenases [22] or by
conjugation reactions [19].

Our results are consistent with this work and confirm
the role of stress proteins in microorganisms [23]. It is
obvious that the rate of total protein alone does not

low
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provide a clear explanation of the mechanisms for
detoxification/biotransformation by the paramecium in the
presence of xenobiotics, so we have oriented our work
towards finding a possible disturbance of the respiratory
metabolism.

Our results showed a perturbation of the respiratory
metabolism of microorganisms treated with different
concentrations of the studied xenobiotic compared to
control cells. Our results are consistent with those of [24]
who tested the effect of gossypol on the morphology,
mobility and metabolism of Dunaliella bioculata
(flagellate protists) regarded as a cell model of human
sperm.

It seems clear that oxygen is an essential element for
live of microorganisms and at the time of elimination of
xenobiotics, the electrons produced at the detoxification
of the body by Cyt P, will react with the oxygen.
Oxygen can also react with the electrons that escape from
the respiratory chain [1]. The direct combination of
oxygen with these electrons involves the formation of a
superoxide anion which is the origin of the radical
phenomena.

The perturbation of the respiratory activity obtained
in our work shows that low concentrations of Bifenazate
generates an oxidative stress that led to release of ROS
which are known as disruptive of respiratory metabolism
[25, 26]. The major role of the endogenous production of
ROS is the regulation of the activity. Indeed, the radicals
can interact directly with molecules containing sulthydryl
groups and therefore change their conformation. This
type of regulation may affect the particular molecules
involved in transduction mechanisms, such as protein-
kinase C [27].

These ROS are quickly neutralized by the system of
defense/detoxification using O, molecules for their
activity; it is so monooxygenases and oxidases. The high
respiratory activity recorded at 24 hours supports this
finding. Also after 24h and after trigger of the defense
system of the paramecium, the changes initially recorded
at 24 hours are reduced strongly beyond this time.

Parallel, high concentrations of Bifenazate causes a
sharp reduction in respiratory activity of cells closely
related to the decrease in the number of paramecium, with
a strong release of ROS capable of interfering with the of
the respiratory chain components, causing malfunction,
or even blockage, this leads to the apoptosis [1].

After considering all the experimental data obtained
throughout the study, it appears that the ciliate protists
used in our work is a material of choice for studies in
toxicology and occupies a privileged position in aquatic
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ecosystems because it is one of the basic elements of
food chain, hence the need for a deep study of the impact
of pollution on our environment.
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