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ABSTRACT

The intensification of agriculture and uncontrollegplication of agrochemicals has resulted in acréased
loading of ground water with pesticides, greatlypanting ecosystems by changing the biodiversitythrehtening
aquatic organisms. The aim of this study is to $tigate the underlying effects of the mixture Fdxdnil —
Difenoconazole, a newly introduced fungicide foe theatment of seeds, on an alternative celluladehioThe
ciliated protist Paramecium sp. Exposure experiraevire conducted at 28°C and various endpoints wierdied.
We first interested to investigate the effectsutfiethal exposure to Fludioxonil — Difenoconazote population
growth. Paramecium cells were exposed to four cotnagons of (0.1, 0.5, 1, 1.5 mg/l) and the grokitetics was
followed for 96 hours. We also measured the oxygmrsumption via a polarographic study. Under thensa
condition, total proteins rate, Glutathione conte(@SH) and enzymatic activity of Catalase (CAT) ewer
investigated to evaluate antioxidative responsdutwgicide effects. After 96h of treatment, the itssshowed a
significant decrease in growth rate of about 70%céils treated with 1.5 mg/l. Paramecia exposediifterent
concentrations of Fludioxonil - Difenoconazole skova strong disruption in respiratory metabolisrm @nother
hand, the monitoring of biomarkers has demonstratesignificant decrease in total proteins rate hé thighest
concentration. The present finding revealed a dion of enzymatic activity of Catalase and a dépteof GSH
content in dose dependent manner. By the obtairedlts, we may suggest the occurrence of oxidatress
generated by the studied xenobiotic on the ciligtedozoan Paramecium sp.

Keywords: Paramecium sp.Fludioxonil, Difenoconazole, Toxicity, Growth kines, Respiratory metabolism,
Biomarkers.

INTRODUCTION

If the beneficial effects of pesticides are wellabiished, their use poses serious problems forethvironment,
human and animal health. The misuse and uncordraligochemicals, has increased considerably oeelatt 35
years [1]. The Organization for Economic Co-opematand Development (OECD) has estimated that byy¢lae

2020 global output will be 85% higher than it was1i995 [2]. These products have a profound effecths

environment and contribute heavily to pollution whihey are applied in a quantity exceeding whapgroan

absorb or when they are washed away by water od Wwafore their absorption. The excessive amountthef
constituents of pesticides (nitrogen, phosphate,).ean be leached into groundwater or run off sirface waters
thus affecting the “non-target” species of wildldad flora. In addition, they reduce biodiversitydadisrupt the
ecosystems. Agrochemicals products received ensratiention for their toxic effects on organismg[3].

Triazole fungicides are one of the main classgsesficides widely used for their properties, susthigh chemical
and photochemical stability, low biodegradabilitydaeasy transportation in the environment make thersistent
in soil and water.
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Difenoconazole (cis-trans-3-chloro-4-(4-methyl-24(1,2,4-triazol-yl methyl)-1,3-dioxolan-2-yl) pheny 4-

chlorophenyl ether) inhibits fungal ergosterol liothesis, thus resulting in the blocking of fungell wall chitin

synthesis [6]. Unfortunately, recent research iatlsern China indicated that after 11.25 g of Difemmmazole per
hectare was applied (lower than the recommendedgedsthe drug dosage in paddy water reached 1¢gBom

spraying day, with a half-life of about 6 days vhich may lead to an exposure to organisms. Intexidio paddy
field, previous study showed that the detectedevaludifenoconazole in surface water sample of ralist reached
0.15 mg/l [8]. According to the recent publicatioh the European Food Safety Authority (EFSA), isHzeen
identified that difenoconazole is very toxic to atio organisms in view of its high toxicity aphnia magna
(chronic NOEC = 0.0056 mg active substancel/l) [9].

Fludioxonil  (4-(2,2-difluoro-1,3-benzodioxol-4-yl)H-pyrrole-3-carbonitrile) belonging to the familyof

Phenylpyrroles, its inhibitory effect appears im thhibition of a protein kinase involved in thgyuéation of cellular
metabolism thereby causing an alteration in propéiosphorylation process [10]. It was found thatdixonil has
a long persistence in aquatic environment sincdelues of this fungicide were present up to 5 ydems its use in
grape vine-yards region [11], therefore, fludioXanay also have additional effects on non-targehptpecies.

Usage of non-targeted organisms in environmenteécadogy is needed to understand the wide rangéoxit

effects caused by the pesticides on different asga; The common model systems used in the resedrtite
environmental toxicity include bacteria, algae, li@p, and zebrafish [3,12,13]. However, a varietyother
organisms in the aquatic environment are importamhaintain the balance of ecological systems. Theye been
introduced successfully in toxicological investigas. Protozoan cells are often used as bioindisaib chemical
pollution, especially in agueous environment. Tleg composed of a single cell, but unlike singléedealgae,
they do not possess a protective cell wall. Thhenticals enter protozoan cells more easily thatebat and algal
cells and then interact directly with the celluructures and organelles. Among protozod@mamecium spp.
widely distributed in freshwater, are one of thiaté models, most commonly used for laboratorgaesh. They
have been widely used to evaluate the toxic effectarcinogens, Carbamate pesticides, and potiifad,15,16].

In order to study the underlying effects of a fundg newly introduced for treatment of seeds, thature
Fludioxonil - Difenoconazole was tested at différeancentrations on the ciliate protiBaramecium spA growth
monitoring and respiratory metabolism were perfam&/e sought to evaluate a possible oxidative stres
Enzymatic activity of Catalase was investigatedet@luate antioxidative response Baramecium spWe also
measured the levels of reduced glutathione antigodéeins.

MATERIALS AND METHODS

Chemicals

The mixture of Fludioxonil — Difenoconazole (Celé&sttra, Syngenta) is a flowable concentrate coirtgi@5 g/l
(2.40% w/w) Fludioxonil and 25 g/I Difenoconazo®40% w/w). Stock solutions were prepared by diseglthe
toxicant in distilled water.

Cdll Culture
The biological material used in our work is a s@gélled microorganism whose culture is obtainedsimyply
soaking hay and lettuce in rainwater. The prepamati left in a warm place (20°C) dark and airy.

Acute toxicity test and growth kinetics

Preliminary toxicity test were conducted in our dedttory in order to determine sublethal concerdreti The
experiments were performed according to [4]. Paciume culture was exposed to a range of concentrsitio. 1,
0.5, 1 and 1.5 mg/l. Each test concentration wpkcated 4 times. The culture was done at 28 + 2 @st tubes
using 10 mL of the culture medium (about 60 cedllikke). The growth kinetics study was realized ey dhily cell
counting, after fixation with formalin at under @ptmicroscope using grooved blade. The count wpsated at
least three times for each repetition.

Response rate, generation number and generation time

After 96h of exposure, changes in growth rates ves@mined. The number of living cells was counted a
percentage response was determinate according foltowing formula:

Response percentagg N N %100
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Where N is the number control cells,gNé the number of treated cells.

Based on the data, the number of generations emedrequired for each generation was calculatedhéydllowing
formula:

n=LogNt- LogND/ Lo@
_ Generation time
Number of generatio

Where n is number of generation, Nt is the numidecedls at 72h, NO is the number of cells at TO andhe
generation time.

Respiratory metabolism

The monitoring of the respiratory metabolism of fferamecium is measured through an oxygen electngute
Hansentech according to the method of [17] adaptatie Laboratory of Cellular Toxicology for monitog the
respiratory metabolism of the microorganisms. Oxygensumption signals are visualized in spot shapehe
computer screen.

Protein determination

The proteins content were quantified by colorimetcgording to the method of [18], the reading &f #ifbsorbance
is made at 595nm in spectrophotometer (Jenway 630 calibration range is made from a standardeprp
Bovine Serum Albumin (BSA).

Catalase activity

Measuring the Catalase activity (CAT) is perfornsatording to the method of [19] based on the hydislof
H,O, to H,O and Q. For the assessment of enzymatic activity of @atl the samples were homogenized in
phosphate buffer 1 mL (0.1M, pH 7.5) using an slraic crusher (SONICS, Vibra cell). The homogerihtes
obtained was centrifuged at 15 000 rpm/min for i10utes and the supernatant recovered serves amersgurce.
The reaction is initiated by the addition of hydeagperoxide (500 mM, 30V). Reading is done againbtank
prepared with hydrogen peroxide and phosphate buffee decrease in absorbance is measured evesgcthids
for one minute at 240 nm in a spectrophotometervag, 6300). Catalase activity is expressed in pih@, per
minute per mg of protein.

Glutathione rate determination

The rate of glutathione (GSH) is quantified accogdito [20], whose principle is based on the colethi
measurement of the 2-nitro-5 mercapturic acid & Amh. The samples are homogenized in 1 ml EDTA2(@,0
pH9.6). 0.2 mL of SSA is added to 0.8 mL of the lbbgenate prepared beforehand. The mixture was fieyed at
1000 rpm / min for 5 min. An aliquot of 5Q0 of the supernatant is added to 1 mL Tris / EDTUAfér. The amount
of glutathione is expressed in pmol / mg protein.

Statistical analysis
All the experiments were run in triplicate. The abed data were analyzed using Minitabl16 studdestt-and
analysis of variance (ANOVA) to detect significalitferences reported for the studied parameters.

RESULTS

Kinetics growth

In the acute toxicity experiment, we observed that mixture Fludioxonil - Difenoconazole affectadrsficantly
the growth of paramecia (P 0.001) in a concentration dependent manner (FigThe variation of paramecium
cells number revealed the toxic effect of the faidgs. Indeed, the number of cells exposed to Bh ismmreduced
by about 3600 cells compared to the control afteays of treatment.

199
www.scholarsresearchlibrary.com



M. Djekoun et al

Der Pharma Chemica, 2015, 7 (11):197-204

~—&— Control

12000

10000 -

8000 -

6000 -

4000

Number of cells/ml

2000 -

~#—0.1mg/l —4—0.5mg/l —@—1mg/l

o
0

—0—1.5mg/I|

24 48

Time of exposure (hours)

72

96

Fig. 1. Effects of increasing concentrations of thmixture Fludioxonil - Difenoconazole on the growthof Paramecium sp. at 28°C after

Response percentage

96h of treatment (P< 0.001)

Based on the acute toxicity results, a percentagehibition was calculated for the tested fungeidin the present
experiments, when Paramecia were exposed to FlodiloxDifenoconazole mixture concentrations frorth @ 1.5
mg/l, a very important decrease in the growth nates noticed after 96h of treatment (Fig. 2). Thghbst
percentage of inhibition was obtained at the cotraéion of 1.5 mg/l where inhibition reached 70 %.
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Fig. 2. Effects of increasing concentrations of thmixture Fludioxonil - Difenoconazole on the respuse percentage. Each value is

average * standard error of three replicates (*** K 0.001)

In addition, we could calculate the number of gatien and the generation time for this fungicideeTesults are
represented in Table 1. In exposed Paramecia, ébelts gave clear and gradual decrease in the nuofbe
generation with the increasing concentrations.

Table 1. Effect of the mixture Fludioxonil - Difenaonazole orParamecium sp. generation number and generation time

Fludioxonil — Difenoconazole (mg/l) Number of genations  Generation time (hours)

Control 7.41 12.95
0.1 6.89 13.93
0.5 6.55 14.65

1 6.22 15.43
1.5 5.62 17.08
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Protein content

In exposed paramecia, protein content was sigmifigdower than that of the controls for the highesncentrations
tested; the results are represented in Figure 8.tdtal protein rates dParamecium spexposed to the mixture
reached 0.36 mg/ml for the concentrations of 1.4.mg
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1,4 1

1,2

%* ¥
1 -
0,8
0,6
X* ¥
0,4 -
0 T T T T

Control 0,1 mg/I 0,5 mg/I 1mg/I 1,5 mg/l

Proteins (mg/ml)

Il

Fig. 3. Effects of Fludioxonil - Difenoconazole othe rate of total proteins inParamecium sp. Each value is average + standard error of
three replicates (** P< 0.01)

Respiratory metabolism

The results reveal disturbances in the level ofgexyconsumption as shown in figure 4. The amourbasumed
O, increased at the highest concentrations (1.5 mgfth) an oxygen consumption of the order of 100 kmibat the
5th minute.
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Fig. 4. Evolution of respiratory metabolism ofParamecium sp. exposed to increased concentrations of the mixturéudioxonil —
Difenoconazole

Glutathione (GSH) rate

The mixture Fludioxonil - Difenoconazole induceslecrease in the rate of glutathione from the cotnaton 0.5
mg/l (Fig. 5). Indeed, the rate of glutathione fest 0.124 umol/mg pro compared to the control @ A810l/mg
pro). Therefore, the effect of the Fludioxonil fé&»oconazole on GSH content was concentration akgpen(P<
0.05).
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Fig. 5. Effects of the mixture Fludioxonil - Diferoconazole on the rate of GSH ifParamecium sp. Each value is average * standard error
of three replicates (* P< 0.05)

Catalase Activity

0,24 -

2 *
Z 02
o
e
(=}
S 0,16 -
an
£
-~
£ 012 -
£
=
g 0,08 -
=
-
I 0,04 -

0 T T T T
Control 0,1 mg/I 0,5 mg/I 1mg/l 1,5 mg/Il

Fig. 6. Effects of the mixture Fludioxonil - Difenoconazole on the CAT activity inParamecium sp. Each value is average * standard
error of three replicates (* P< 0.05)

Figure 6 illustrates the variations of CAT activityParamecium spexposed to increasing concentrations. Evident
variations was noticed when cells were exposedludiéxonil — Difenoconazole. We note that the CAGtidty
reaches its maximum (0.182 pumol/min/mg pro) atdbwecentration 0.5 mg/l. However, the activity o thnzyme
was less important at the concentrations 1 andng/b

DISCUSSION

The intensification of agriculture has resultedain increased loading of soil, surface and grountemeith
pesticides, greatly impacting ecosystems by chanthia biodiversity and threatening aquatic orgasisaithough
the toxicity of pesticides has been extengivetudied in many living microorganisms, veifgw results
concern the action of this products on Profste to their small size, they generally multiplyahgh short cell
cycles, making possible to study the effects ofiytahts. On the other hand, it is known that micgamisms
represent one of the links of which contaminantsid¢de transmitted through the food chain leadmgdverse
effects on human health making them an excellendainéor evaluating the toxicity of chemical compdsnin
aquatic life. Free living fresh water protozoanatés like Paramecia are the most commonly usétem and they
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are considered as excellent bioindicators of ttxisiress and chemical pollution. Triazoles arerttwest important
fungicides used in agriculture practice. Excessimeounts of such substances cause irreversible oeméntal
damages and can indeed alter some physiologicalifuns and biochemical parameters in organisms.

We therefore decided to evaluate the toxicity ef mhixture Fludioxonil — Difenoconazole on the nanget aquatic
organismParamecium sp.

In the present study, we first interested to ingasé the effects of sublethal Fludioxonil — Difenoazole exposure
on population growth dParamecium spWe noticed that the selected concentrations aftettte population growth
in a dose-dependent manner inducing a strong tidnibiFurthermore, the obtained results can be @vathwith
the previously published study who reported theeaf of several groups of pesticides on the growifth
Paramecium sp[21,22]. This can be explained by the fact that filnegicides perturb the cellular divisions and
certainly their metabolism systems and consequeailge their mortalities [23].

On the other hand, the response percentages cattifgrtoxic effects of the increasing concentratidndeed, for
the higher concentrations for the mixture FludiakenDifenoconazole, the response rate has reaehealue of
71%. Moreover, the growth rate tests revealeditf@easing concentrations provokes an importantedse in the
number of generations by increasing the generdtioa

Concerning the respiratory metabolism, our ressiiiswed that the cells exposed to Fludioxonil — Bifgonazole
were affected; indeed we noticed a decrease inasxggnsumption for low concentrations which exleithialmost
the same behavior. Regarding higher concentratiskgazy increase was detected. Other investigegported the
different changes in the respiratory activity inrgraecia treated with other fungicides like Bifertaza
Phosphoramidate and Cypermethrin [22,24,5]. Thishm explained by the fact that once the fungigideetrates
the cells, it will be responsible of triggering logéfense systems resulting in the induction obxiéitation enzymes
particularly Cytochrome P450 which participateshia metabolization of xenobiotics in rendering theydrophilic
and thus facilitating their elimination. Howeveretcontribution of this monooxygenase could leathégeneration
of reactive oxygen intermediates which are knowdissiptive of respiratory metabolism.

The decreased dose — dependent of total protea wats observed during exposure to sublethal futgici
concentrations. This is in agreement with [12] vehowed a decrease in daphnids protein content exgosed to
Tebuconazole (Triazoles group) and suggested himatlecrease is an early defense reaction to tigidide stress
and to overcome this situation, living organismguiee a high energy which lead to protein catabali©ther
authors [25,26] have reported that the decreaggatein content might be due to a lipoprotein fatiorg which
will be used to repair damaged cells, tissues agdns.

In this work, we also investigate the effect of thegicide on stress biomarkers. Low levels of mtliglutathione
(GSH) indicate the activation of the detoxificatisystem in cells treated with Fludioxonil — Difeoo@zole. This
tripeptide thiol is a vital protective antioxidaagainst oxidative stress, which plays a key roléhi capture and
sequestration of free radicals but also acts asibstisite for the regeneration of other essentigibxidants

[27,28,29]. Several authors have reported a deelieaSSH content in paramecia exposed to pesti¢tlext].

Concerning the Catalase activity, the exposurBarhmecium spshows that the fungicide exerted effects depend
on the concentration and the substance tested.r&wits shows that low concentrations of Fludiokeni
Difenoconazole (0.1 and 0.5 mg/l) induced a sigaiifit increase on Catalase activity compared tadmnérol. The
activation was diminished when cells were exposedl and 1.5 mg/l probably due to the deterioratbeellular
system functions by the mixture. Our results coorake those of [3] who reported disruption in th&TCactivity of
when algal cells o§cenedesmus obliquugre exposed to Fludioxonil.

It is known that under normal conditions, antioxil@efenses like Catalase (and other) usually prtetissue
damage caused by Reactive Oxygen Species (ROSyint ROS overcome the defense systems of thethoele
is an alteration of the redox homeostasis, leattiraxidative stress.

CONCLUSION
Our results highlight the toxic effects of subldtbaposure to Fludioxonil — Difenoconazole Baramecium sp.

affecting its cellular growth and respiratory metlidm. Furthermore, the fungicide is responsibleaafical species
production, resulting in the induction of detox#t®on system in the used modBafamecium sp.
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