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Abstract:

Neonicotinoids are chemicals found in many insecticides, we use them especially in
agriculture whose which to distinguish the substance imidacloprid, , the latter plays an
affective role on the central nervous system specifically the brain, on the other hand the
Melissa officinalis is a medicinal plant very known in the Mediterranean basin. The objective
of our study is to make known the effect of imidacloprid by 2 varied doses (5 mg / kg / day
and 50 mg / kg / day), on the brain metabolites such as carbohydrates, total protein lipids, on
the rate GSH and MDA also that on the enzymatic parameters GST GPX CAT and AChE, we
were interested in the swelling, the mitochondrial periiablity, and the cellular respiration, At
the same time, we are studying mixed dosages with Melissa to reach the therapeutic curative

value so we consider it as an antidote for neurological diseases.

The results obtained showed that imidacloprid has a role in increasing the ratio of
oxidative stress parameters: MDA. Protein; GST and activities at the mitochondrial level and
the decrease in the percentage of total fat and GSH GPx, AChE, regarding behavioral tests,

we recorded relatively significant differences.

Key words: neonicotinoids, pesticides, imidacloprid, nervous system, enzymatic

activities, melissa plant.



Resume:

les neonicotinoides sont des produits chimiques contenus dans nombreux
insecticides, on les utilise surtout dans 1’agriculture dont les quelle on distingue la substance
imidaclopride , cette derniére joue un role d’affectation sur le system nerveux centrale
precisement le cerveau ,en revanche la Melissa officinalis est une plante medicinale tres

connue dans le bassin mediterraneen.

L’objectif de notre etude est de faire connaitre 1I’effandd’imidaclopride par 2 dose variee
(5mg /kg/j and50mg/kg/j) , sur les metabolites encephalique tel que les glucides, lipides
proteines totaux , sur le taux GSH andMDA aussi que sur les paramétres enzymatique GST
GPX CAT andAChE ,on etait interesse par le gonflement ,la permiablite mitochondriale
,andla respiration cellulaire .parallelemnt ,on fait I’etude des dosage mixte au Melissa pour
atteindre la valeur curatif therapeutique donc on la considere comme antidote pour les

maladies neurologique.

Les resultats obtenus signifie que le gavage des rats par limidaclopride est cause
augmentation aux niveau des parametres de stress oxydatif andmetabolites : MDA .protein
;permiabilte andgonflement mitochondriale par ailleur une dimunision au niveau lipidique
GPX ,GSH,AChE aussi que les differences apparut dans les tests comportementaux d'autre

part les doses mixtes fait une neutralisation au niveau des parametres precedentes

Mots cles: neonicotinoides, pesticides, imidaclopride, systéme nerveux, activites

enzymatiques, plante melissa.
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Introduction



Before evolution ,life was simple dependent on agriculture ,as it was a difficult process
that used on labor and animals but,that was not enough for the quality of production ,itwas
mostly crops spoil due the harmful insects,it causes pathologu for living beigns the protection
of agriculture one of the most important operations it often requires a chemical treatment such

as pesticides.

Pesticides are products intended to ensure the destruction or prevent the action of
animals, plants, micro-organisms or harmful viruses it can be divided into 5 groups:
insecticides, nematocidal acaricides, molluscicidal fungicids, redonticids, herbicides, and
neonicotinoids alain viala and alain botta (2005) Neonicotinoids are the most widely used
family of insecticides in the world today. Although the 1st best-selling class of insecticides in
the world, with part of the markandexceeding the most important part of sales. In the early
1990 neonicotinoids acquired a large part of the insecticide (Elbert and al., 2008 ; Jeschke
and al., 2011).

Ils sont parmis les insecticide les moins persistants dans le sol d’apres (Hatcher and
al., 2008). The majority of insecticides have a neurotoxic effect on the insect (Casida.,2009)
neonicotinoids act as nicotinic-type cholinergic receptor agonists, specific to insects vis-a-vis

mammals (Tomizawa and Casida 2003).

Neonicotinoids are agonists of acetylcholine on postsynaptic nicotinic cholinergic
receptors. Their irreversible binding to nAChRs leads to a continuous excitation of the
membranes of neurons, leading to cell exhaustion and then to the death of the animal
(Belzunces LP, and al., 2012). The nature of the bonds involved and the chemical structure
sites that are known with precision. The different substituents of the molecules of this family
are at the origin of a more or less strong affinity for NAChRs. At the intracellular level,
phosphorylation mechanisms can also modulate this affinity. Insecticide This is closely linked
to activity (MatsudakK, and al., 2001). Imidacloprid is a neurotoxic insecticide that is part of
the neonicotinoid family. It was the first neonicotinoid marketed in the world in 1991. The
success of this class of insecticides is due to the irrational persistence of these insecticides in
the environment which is accompanied by good efficacy at low dosages, in particular in the
field of seed coatings. In addition, these insecticides have a high selectivity towards insects
compared to mammals (Tomizawa and Casida, 2003).The harmful effects and pathologies,
social reactions behavior can be corrected by medicinal plants; Many medicinal plants have
several therapeutic activities because most often they contain several active principles whose

effects are additive and / or complementary. This phenomenon also explains why in
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phytotherapy, several plants or parts of plants are frequently used in combination in order to
obtain an optimal effect. Among the main plants of our study, the Melissa officialisseknown
for its richness in secondary metabolism products and particularly in essential oils and tenin
alkaloids (Baba Aissa, 1999). The active ingredients in lemon balm are contained in essential
oil. Due to its relaxing, sedative and antispasmodic properties, lemon balm is particularly
effective in combating stress and anxiety, as well as in treating digestive disorders of nervous

origin (Newman and al., 2000)

We find an extract of lemon balm in the Carmine lemon balm water, which is a reputed
alcoholate indicated as antispasmodic, stimulating, for nervous affections, palpitations or even
the lack of appetite (Debuigne, 2013).herbal teas because of its very pleasant taste, or in
hydro-alcoholic extract to benefit from the benefits of its essential oil (Morel, 2017). It is
found in several drugs (Vidal, 2018)

The objective of our experimental work is centered on the evaluation of the subacute
toxicity of the new neonicotinoid insecticide "Imidacloprid" and the opposite effect of lemon
balm in the oral wistar rat. To this end, we studied ourselves studying its impact on body
weight on certain biochemical parameters as well as on the essential organ the brain .
Confirmation of the optimal correction of Melissa is done by analyzing biochemical ,
oxidative stressneurobehavioural and their implication on the structural integrity of brain cells
and we evaluated the preventive effects of Melissa from the results obtained , we divided the
work into 2 main parts, one theoretical and the other practical we will look at them in the

content
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1. The nervous system:

Nerve tissue is made up of neurons and neuroglia. The latter has a supporting role, it is a
filling tissue that proliferates and can fill the foci of destruction of nervous tissue. It would
also have a nutritive role and perhaps a role in the conduction of nerve impulses.The entire
nervous system is made up of multiple chains of neurons: in a chain the connection between
the neurons is made so that the cylindrax of one comes into play with the dentrite or
pericaryon of the other. There is never a cylinder-to-cylinder or dentrite-to-dentrite
connection.The point where the cylindrax connects with the dentrites of the following neurons
is called a synapse. These are the inter-neural connections.( Georges and al.,2008)(Figure

02).

[rétencéphate [ Diencéphate [[II] Mésencéphate [ |Métencaphate [ |Myélencéphaie

(A), (B): Bo: olfactory bulb, Cerv: cerebellum, CO: optic chiasma, Coll: collicles, Piri
lobe: piriform lobe, Mo All: elongated marrow, MS: spinal cord, Pcer: cerebral peduncle,
pyra: pyramid, ToL: olfactory tract, T opt: optic tract, Trig olf: olfactory trigone, *:

infundibular recess of the 3rd ventricle.

Figure01: Ventral (A) and dorsal (B) views of a rat brain (http://oatao.univ-toulouse.fr/)

1.1. Brain histology:

The nervous system (NS) is the sandof systems that put the body in a state of
equilibrium. It is subdivided into two systems: central (CNS) and peripheral (PNS).
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e The CNS: It is the center of regulation and communication of the organism, it is
formed of the brain and the spinal cord (Bear and al., 2016).

e The PNS : it is the communication line between CNS and the organization ,is located
at the end of CNS it consists mainly of nerves (cranial and spinal ). From the brain and

spinal cord which includes two types of pathways , (Marieb, 2005).
1.2 brain physiology:

The NS detects the various stimulations (external and internal) and reacts quickly with a
very high coordination, the electrical signals consist of action potentials which propagate
quickly along the axons from one neuron to another or from one neuron to an effector cell

(Imbert, 2006; Verkhratsky & Butt, 2007; Bear and al., 2016).

e Neurons:

Tight Junction

. v - e
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A neuron is a fundamental NS cell specializing in information processing and
communication. The neurons which carry information coming from the sensory receptors of
the organism, they are composed of the cellular body surrounded by dendrites and axon

finished by arborization of the synaptic buttons (Figure02) (William 1981; Pascal 2010).

Figure02: Schematic representation of the brain cell parenchyma.
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Neurons are surrounded by glial cells, among which astrocytes are a privileged partner

in the regulation of neuronal function.

The main role of neurons is the transmission of the nerve signal;it is the glial cells that
are responsible for protecting them, nourishing them and optimizing their functioning

(Christensen and al., 2013).
e Glial cells:

There are four types of glial cells in the NS; oligodendrocytes, microglia, ependymaries
and astrocytes (William, 1981; Block and Hong, 2005). They surround neurons and
participate in controlling the chemical and electrical environment by providing them with
nutrients and eliminating their waste (William, 1981). They are called neuronal support cells
because they produce growth factors and reuse neurotransmitters (Figure03) (Christensen
and al., 2013). Glial cells present a very important role in the pathology of the nervous

system. (Koistinaho and al., 2004; Pihlaja and al., 2011).

Central nervous Peripheral nervoius
system (CNS) system (PNS)
'. MNucleus
-

4 Schwann
| cells
LI
- Node of Ranvier -

i
Oligodendrocytes - L .\

Node of Ranvier

© MNucleus

Figure03: Structures and shapes of glial cells (https://www.123rf.com)

In addition, astrocytes are considered to be a major source of peroxynitrite
production, the latter inducing the nitration of proteins including amyloid B in Alzheimer's
disease, , interfere with several signaling pathways, disrupt mitochondrial respiration and

cause cell death (Kummer and al., 2011).

2. Functioning of the nervous system:

2.1 Nerve flow and synaptic integration:

The transmission of nerve impulses by nerve cells is due to the electrochemical

properties of their plasma membranes. The signal is transmitted from one nerve cell to another
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through junctions called synapses (Purves and al., 2004; Brooker and al., 2001), a very
specific type of these synapses is that which connects the neuron to an effector cell such as a
muscle fiber, this synapse is then called neuromuscular junction (Gerard and al, 2002;
Ganong and al., 2005). The passage of information in a synapse is ensured by chemical
molecules called neurotransmitters (Kolb and al, 2002). At the synapses, when the nerve
impulse reaches the presynaptic terminations trigger events which lead to the release of a
neurotransmitter through the synaptic cleft which modifies the permeability of the
postsynaptic membran (Marieb, 2005). The Na + voltage dependent channels are responsible
for the initiation and propagation of these action potentials along the,selective axon for ions
Na+. at rest channels are closed when the membrane is polarizes, these channels are open

(Gueguen and al., 2005 ; Imbert, 2006).

Transmitting
message
/

Transmitting
message

Receiving
neuron

Cl- @

Na* @
GABA (inhibitory)

Figure04: Mode of transmission of nerve signals (https://fr.123rf.com)

The ability of a neuron to accept and relay information results primarily from
differences in the distribution of ions on the cell membrane (Bear and al., 2016). This creates
a difference in electrical potential between the inside and the outside of the cell at rest
(Lacombe, 2006), and secondly, momentary modifications in the permeability of this
membrane to certain ions, which generates an electrical depolarization of the membrane. The
latter is transmitted step by step along the axon and constitutes the transmission of nerve

9
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information or nerve impulse (Siegel and al., 2005). After being depolarized, the membrane
quickly returns to its initial polarized state, but until the ions have returned to their place, the
axon cannot conduct new influx, this period is called refractory (Figure0S) (Cambier, 2008;

Lacombe, 2006).
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Figure05: Variation of the electrical potential of the axon cytoplasm compared to the outside, and

origin of depolarization (https://www.ck12.org)

In amyelin fibers, the speed is only about 1.5-2 m / s, while it reaches 100 m / s along
the myelin fibers (Cambier, 2008), In the latter case, the electrical depolarization moves by
jumps, from Ranvier node to Ranvier node, the myelin sheath being electrically insulating. .
The first myelin sheaths appear only at the end of fetal life and during the first year, and the
amount of myelin increases until maturity, it is easy to understand why the reactions of a child
and especially of a newborn baby are not so fast and as coordinated as those of an adult

(Figure06) (Braillon, 2002; Gueguen and al.,2005; Bernard and al, 2007).

10
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Figure06: Presentation of the progression of nerve impulses along an amyelin neuron (top) and along

a myelin neuron (bottom) (https://www.afblum.be/bioafb)

The nerve impulse must frequently be transmitted from one neuron to another: it does
so at the level of a synapse or synaptic junction (Cambier, 2008; Lacombe, 2006). In the
terminal buttons there are small synaptic vesicles containing neurotransmitters or
neuromediators, substances synthesized by the neuron (Figure07) (Tritsch and al, 1999).
When the nerve impulse reaches the synaptic button, it causes the release of neurotransmitters
in an intimate space of 20 to 50nm (synaptic cleft) separating the pre and postsynaptic
neurons (Cambier, 2008). These neurotransmitters bind to receptors on the membrane of the
postsynaptic neuron and induce, depending on their chemical nature, several reactions

(Tritsch and al, 1999).
2.2 Neurotransmitters:

The chemical transmission of nerve information at the synapse imposes a transmission
delay of 0.5 ms, whereas it would only be 1.10 to 6 s in the case of a purely electrical
transmission. But the chemical nature of this mode of transmission makes it possible to act on

the propagation of the nerve impulse (Verkhratsky & Butt, 2007).

Neurotransmitters are chemicals released by a neuron at a synapse that specifically
changes the activity of another cell. They diffuse to the post-synaptic region to activate their
receptors then are quickly eliminated (Guenard, 2001) either by diffusion outside the
synaptic cleft, either degraded by a specific enzym and reabsorbed by the terminal button
(Gueguen and al., 2005).

11
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. Neurotransmitters
Synaptic

vesicle
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Voltage- . inal
gated Ca** ermina
channel Neuro-

transmitter

receptors

Post-synaptic

) cleft
density

Dendritic
spine

}Synaptic

Figure07: Mechanism of synaptic transmission of nerve impulses (https://www.bio-top.net)

e Acetylcholine (Ach):

Once at the nerve end, the motor impulse causes the calcium channels to open,
triggering a massive entry of calcium ions into the cell. Ca2 + promotes the secretion of Ach
in the synaptic cleft (Guenard, 2001; Kolb and al, 2002). Each two Ach molecules diffuse
on the other side and linked with a cholinergic receptor (Lodish, and al, 2005; Martin and
al., 2006), the latter causes the opening of a sodium channel, which favors the entry of sodium
ions inside the muscle fiber, , thereby depolarizing the postsynaptic membrane and creating
plaque potential (Lodish, and al, 2005). Depending on the number of activated receptors,
this potential can exceed a threshold value and thus trigger a muscle action potential which
will diffuse to the entire muscle membrane. and cause a contraction of the muscle fiber
(Figure07). The Ach molecules are quickly destroyed by the AchE enzyme present at the two

molecule synaptic cleft; acetate and choline (Martin and al., 2006).
e Adrenaline (Ad):

Adrenaline plays an important role in regulating all organs and the body's reaction to
stress, in the event of critical or harmful situations (danger, trauma, infection, cooling). The

release of this neuromediator then involves a whole series of involuntary nervous reactions,

12
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such as the acceleration of the cardiac and respiratory rhythms to prepare the body for the

effort of the fight or the flight (Martin and al., 2006; Verkhratsky & Butt, 2007).
e Dopamine (Da):

Dopamine is a neurotransmitter synthesized by certain nerve cells from tyrosine (Bear
and al, 2016). It is the inhibitory neuromediator of a small group of neurons that affects
muscle movement, tissue growth, and the functioning of the immune system. It is involved in
the secretion of growth hormone (Kazushige and al., 2000; Meiser and al, 2013; Dias and
al., 2014).

e (Gamma-Aminobutyric acid:

GABA or g-aminobutyric acid is an inhibitory neurotransmitter, the receptor of which
also binds to valium. GABA and valium help relieve anxiety and decrease anxiety. It is the
main inhibitory neurotransmitter and it plays a critical role in the regulation of neuronal
activity (membrane hyperpolarization) in vertebrates and invertebrates (Buckingham and al.,

2005; Verkhratsky & Butt, 2007)
e Serotonin (5-HT):

Serotonin or 5-hydroxytryptamine (5-HT) is an inhibitory neurotransmitter thought to
intervene in phenomena such as sleep, consciousness and emotional states (Wang and al.,
2007). The serotonergic system involves 5-HT which is considered to be the most important
neurotransmitter involved in anxiety. An anxiolytic acting via the cerebral serotonergic
system has been shown to decrease the level of 5-HT in the brain (Hoyer and al, 2002;
Caramaschi and al., 2007; Meneses and al., 2007).

e Morphine:

The natural morphines of the human body are neuropeptides called endorphins and
enkephalins (Martin and al, 2006). Enkephalins are inhibitors and competitors that are
found in synapses treating the influx of mood, emotion and pain: by attaching to post synaptic
receptors in place of effector neurotransmitters, they block the propagation of nerve impulses

(Gueguen and al., 2005; Nieuwenhuys and al., 2008).

3. Major neuronal pathologies:

3.1. Alzheimer's disease:

13
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Alzheimer's disease is a neurodegenerative disorder that causes permanent and
irreversible progressive damage to nerve cells, which begins with the loss of memory of
recent events and then the loss of cognitive functions (aphasia, apraxia, agnosia) (Kelley,

2011; Wang and al, 2016; Bonda and al., 2015).
3.2. Parkinson disease:

A neurodegenerative disease that results from the slow and progressive death of
neurons in an area of the brain that plays an important role in controlling our movements.
This is why those affected gradually make rigid, jerky and uncontrollable gestures (Defebvre
and Verin, 2006; Verkhratsky & Butt, 2007).

3.3. Brain tumor:

Multiplication in the brain of abnormal cells . The tumor can be benign or malignant

(Peterson and al., 2015).

14
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1. Definition:

Neonicotinoids are synthetic analogs of nicotine with insecticidal properties (Table 1).
Introduced on the markandbetween 1991 and 2002, they were notably created to thwart the
resistance of insect pests against previous classes of insecticides (organophosphates,
carbamates and pyrethroids). In just two decades , they have managed to appropriate 23,7%of
world sales of insecticides ,thus rising to the top of this markand. Currently approved in over
120 countries for phytosanitary and veterinary purposes, neonicotinoids are mainly used in
agriculture. often prophylactically, on corn, soy, canola, cereal, cotton and sugar beandcrops.
Phytosanitary interventions are done by soil treatment, foliar application and coating of seeds.
Veterinary treatments, for their part, include the oral administration of tablets or the

application of topical products6 (liquids and collars).

The most widely used and available neonicotinoid insecticides are imidacloprid,
thiamethoxam, clothianidin, nitompyran, acetamiprid, dinotefuran, thiacloprid (Jeschke and

al., 2011) (Table01)

Table 01: Different pesticides belonging to the neonicotinoid family: (Jeschke and al., 2011)

Physical property Synonyms Chemical substances
. . Aceta?rr%lprld (E) -N - [(6-Chloro-3 Acetamiprid
Solid white pyridinyl) methyl] N'-cyano N-
o . C10H11CIN
methylethanimidamid
) Clothianidin 3-[(2-chlorol,3-thiazol-5- Clothianidin
Colorless solid . o
yl)methyl]2methyl-1-nitro-guanidine C6H8CINSO2S
. . Dinotefuran 2-methyl-1nitro-3- Clothianidin
Solid white 1
(tetrahydrofuran3ylmethyl)guanidine C6H8CINSO2S

Imidacloprid 1- (6-chloro-

Imidacloprid (2 i
3pyridylmethyl) Nnitroimidazolidin- | [idacloprid (2 isomers)

Solid colorless or

beige 2ylidencamine CI9H10CIN502

Solid jaunt Clear Nltenpl}),rr?lrztl(lEf _II:II ;}E(Tclgl’oroptflfm-} Nitpyrame
e y) methyl] Nethyl-N'-methyl- C11H15CIN4O2

2nitroethene-1,1diamine

| @ e ik

o pyridylmethyl) 1,3thiazolidin- C10H9CIN4S
2ylidenecyanamide
Thiameth EZ) -3- (2chloro-1,3-

Solid " hia gi;ar?rlgeth) 1)3 5( methy! ? Thiamethoxam
razoloyImethy Y CSH10CIN503S

1,3,50xadiazinan4ylidene (nitro) amine
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2. Terms of use:

The arrival of neonicotinoids was a commercial success following years of research.

Today they are widely used in agricultural and other non-agricultural uses.
2.1. Historical:

The first molecules belonging to the neonicotinoid family were synthesized in the
1970s. The term "neonicotinoid" was proposed by the Japanese researcher Izuru Yamamoto to
differentiate this family from the old "nicotinoids", that is, nicotine-containing plants, used as

insecticides since the 18th century (Jeschke, Nauen 2008; Matsuda and al. 2001).

The insecticidal power of the first molecules tested was however very low, research was
therefore continued to identify the active chemical groups and synthesize molecules with
better activity. Nithiazine was one of the first molecules of interest with satisfactory
insecticidal activity, systemic distribution in plants, and low toxicity in vertebrates. But it was
quickly degraded by hydrolysis or photolysis, making it impossible for agricultural use. About
2,000 molecules were tested before the discovery of imidacloprid by Shinzo Kagabu and its
introduction to the markandin 1991 by Bayer CropScience. The family then grew and now
has seven compounds on the market: imidacloprid and thiacloprid (developed by Bayer
CropScience), clothianidin (Bayer CropScience and Sumitomo), thiamethoxam (Syngenta),
acetamiprid (Nippon Soda), nitenpyram (Sumitomo), and dinotefuran (Mitsui Chemicals). An
eighth compound, sulfoxaflor, has recently been placed on the markandin China and the
United States and has been examined by the European Food Safety Authority (EFSA) for
approval in the European Union. In China, new neonicotinoid compounds are being
developed and tested (for example, guadipyr and huanyanglin) and are close to being put on

the market. (Jeschke and al., 2011; Simon-Delso and al, 2015)

The arrival of neonicotinoids on the insecticid pesticid markandwas an immediate

success for several reasons (Jeschke, Nauen 2008; Simon-Delso and al., 2015):

e There was no known resistance to these pesticides in pests, unlike
organophosphates, carbamates and pyrethroids.

e Their physicochemical properties made them more interesting compared to previous
generations of insecticides: they are active in much lower quantities than other
families, their use in coating seeds rather than in spraying limits waste, and they

have a systemic distribution.
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e They have low toxicity for the user and non-targandspecies (other than arthropods)

thanks to their very selective mode of action of insects.

They have thus become the most widely used insecticides among the 5 major chemical
classes, ahead of organophosphates, carbamates, phenylpyrazoles and pyrethroids.
Neonicotinoids have found applications in agricultural environments, in amateur gardens and
in domestic use to combat certain pests, as well as in the veterinary field with the control of

external parasites of domestic animals (Jeschke and al., 2011).
2.2. Use:

2.2.1. Obtaining RA:

For any marketing of a new neonicotinoid product, the manufacturer must obtain a

regulatory affairs (RA).

To do so, he must submit a file demonstrating:

cultural efficiency

safety for humans

harmless to animals and the environment

e compliance with national and European legislation

2.2.2. Agricultural use:

2.2.2.1. Interests:

Neonicotinoids are the most widely used family of insecticides in the world today. Use
as an agricultural insecticide is the largest share of sales. They are used in spraying and
coating seeds for their insecticidal effects against many pests, even resistant to other families
of insecticides, such as aphids, thrips, termites, whiteflies, wireworms and certain beetles.
Their use spread very quickly throughout the world on rice crops, cereals, corn, sunflower,
potatoes, cotton, sugar beandand on fruit trees and vegetable crops. The methods of use are
varied: coated seeds, soil treatment and spraying mainly, but also application to the base of
tree trunks, injection of tree trunks and buds, or even soaking and chemo-irrigation for
greenhouse crops. The use is not only professional, neonicotinoids are also found in products
for household use for the fight against certain pests such as termites, cockroaches or ants

(Casida, 2004; Jeschke and al., 2011; Bonmatin and al., 2015; Goulson 2013).

18



Chapter 02 : Neonicotinoids

2.2.2.2. Some figures:

Neonicotinoids are authorized in more than 120 countries worldwide. in 2008 they
representes a markandof 1,7 billion euros;or a quarter of all insecticides,in front of
organophosphorus (13%) and carbamates (11%) , They largely dominate the coated seed
market: at the time of their marketing, the coated seeds represented 155 million euros in total
and in 2008 this amount increased to 957 million euros, 80% represented by neonicotinoids
JIn the same year, imidacloprid became the world's best-selling insecticide and the second-
largest pesticid sales (glyphosate being the best-selling). Among neonicotinoids,
imidacloprid is the major representative, the world's best-selling insecticide, accounting for
42% of neonicotinoid sales, ahead of thiamethoxam, clothianidin, acetamiprid, thiacloprid,
dinotefuran and finally nitempyram. (Nauen, 2008; Girolami and al. 2009; Jeschke and al.,
2011; Sanchez-Bayo, Hyne 2014; Simon-Delso and al., 2015)

2.2.3. Veterinary use:

Neonicotinoids are rapid insecticides with very selective effects: their use in domestic
animals is interesting. The (RA) concern flea infestations in cats, dogs and rabbits. The
spectrum of action can be supplemented by a pyrethroid to act also against ticks, mosquitoes,
sand flies and biting flies in dogs and cats, Finally, an association with moxidectin widens the
spectrum to internal parasites of cats, dogs and ferrets. (ANSES 2016; Hovda, Hooser 2002;
Jeschke and al, 2011).

3. Physico-Chemical Characteristics:

Their chemical structure is at the origin of their common properties. These physical
characteristics condition their fate in the environment and determine their selective mode of

action by Insects.
3.1. Chemical structure:

The structure of neonicotinoids is divided into 3 segments (figurell) (Iwasaand al,

2004; Jeschke, Nauen 2008; Jeschke and al. al, 2011)

I- A group "R1" and"R2" cyclic (imidacloprid, thiamethoxam, thiacloprid) or acyclic
(acetamiprid, nitenpyram, clothianidin, dinotefuran).
II- An"A"ring of 5 or 6 atoms, with one chlorine atom.

ITI- A cyano or nitro functional group "[X-Y]", essential for insecticide activity.
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Figure08:Structure of neonicotinoids (Jeschke, Nauen 2008)

Depending on this functional group ,we can classify molecules according to common

physical properties (figure8) (Jeschke, Nauen 2008) :

e Nitrosamines: thiamethoxam, dinotefuran dithiazine, imidacloprid, clothianidin and

nitenpyram.

e Cyanoimines: thiaclprid and acetamiprid.

Insecticidal power is also correlated with chemical structure (Iwasa andal. 2004;

Decourtye, Devillers 2010; Matsudaand al. 2001):.

- Molecules with an “A” ring with 5 carbon atoms are less powerful than those with a 6
atom ring.

- The presence of oxygen, sulfide or nitrogen substituents increase the insecticidal
action.

- The substituted nitro molecules have a better insecticidal action than the

cy.anosubstituted.
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Figure09: Flat formulas of the main neonicotinoids.( Simon and al.,2015)
3.2.Physical properties:

3.2.1. Molecular weight:

The molecular weight of neonicotinoids is between 250 and 300g / mol, making them
low-weight insecticides: for comparison, the weight of fipronil, another systemic insecticide,

is 440g /mol. (Bonmatin and al., 2015)

3.2.2.Volatility:
Neonicotinoids have a saturated vapor pressure between 2.8.10-8 and 0.002 mPa at 25 °
C. This makes them little volatile molecules, they contaminate the air little during the

treatments, and airborne contamination lasts shortly after spraying. (Bonmatin and al., 2015;

Fossen 2006)

3.2.3. Sorption:

Sorption characterizes the ability to bind to particles. Neonicotinoids can bind to soil
particles, limiting the leaching phenomenon that causes water contamination. Several factors

come into play: the organic matter content as well as the clay content are positively
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correlatedwith the sorption of imidacloprid, while a low temperature or low insecticide
concentration decreases sorption. Neonicotinoids also attach to particles in bottom sediments
of freshwater or marine water (Bonmatin and al, 2015; Fossen 2006; Gervais and al,

2010).

However, in commercial preparations, the addition of many substances changes the
behavior of the active substance: so leaching is higher with all commercial formulations

compared to imidacloprid alone (Bonmatin and al., 2015)

3.2.4: Solubility:

The solubility in water varies according to the molecules, from 184mg / L for
thiacloprid (moderate solubility) to 590g / L for nitenpyram (high solubility). These values are
valid at 20 ° C for a pH of 7. Compared to other insecticide families, neonicotinoids have

good solubility: for example, under the same conditions, the solubility of fipronil is between

1.90 and 3.78 mg / L. (Jeschke, Nauen 2008; Bonmatin and al., 2015)
The variations in solubility are correlated with their structure:

e Open compounds are more hydrophilic than cyclic compounds

e for the group [X-Y], the solubility in water increases with increasing [= N-NO2] <[=
N-CN] <[= CH-NO2]

Solubility is important since it conditions their absorption then their diffusion, essential
steps for their effectiveness. For example the least water-soluble neonicotinoids such as
thiacloprid or clothianidin will be suitable for seed treatment, the membrane passage in the

roots being better for lipophilic compounds (Jeschke, Nauen 2008; Jeschke and al., 2011).

4. Metabolism:

Like all molecules toxic to a given organism, neonicotinoids are metabolized by the
organism into which they have introduced. Although it is difficult to know all of the
metabolites that result from it, some of the main metabolites are known. The work of (Suchail
and al., 2003) clearly determined the metabolites of imidacloprid, an insecticide that belongs

to this family.

The different metabolites of imidacloprid are: 5-hydroxy-imidacloprid (5.0H), 4,5-
dihydroxy-imidacloprid (4,5-OH), olefin, G-chloronicotinic acid 6-ACN) and guanidine and

urea derivatives (Figure 10)
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Figurel0: main metabolites of imidacloprid (Suchail and al., 2003).

5. Mode of action:

The nervous system is made up of a network of neurons interconnected through specific
junctions: synapses. The message conveyed at a synapse can be electrical or chemical
(neurotransmitters). However, regardless of the nature of the signal, the perception of
information in the post-synaptic cell causes activation or the inhibition of receptors or

membrane ion channels (Raymond-Delpech and al., 2005).

Acetylcholine is the main excitatory neurotransmitter for rapid transmissions in the
central nervous system. During nerve impulses, acetylcholine is released by the presynaptic
membrane and will interact with the nicotinic acetylcholine receptor (AChR). This receptor
forms an ion channel whose opening depends on the fixation of acetylcholine, resulting in an
extracellular Na+ influx and an intracellular K+ influx, thereby triggering the nerve impulse.
The breakdown of acetylcholine by acetylcholinesterase stop the signal. Nicotine is a non-
hydrolyzable acetylcholine agonist, it remains attached to the receptor which prevents it from
closing, and which disturbs the signal by creating hyperpolarization of the cell (Arreola and
al., 2011; Jeschke and al, 2013)

). Nicotinic receptors are composed of five subunits which form a channel allowing the

selective passage of Na +, Ca2 +, and K + ions (Efsa, 2014). Neonicotinoids, neurotoxic
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insecticides, act specifically on acetylcholine receptors (nACHRs) as a competitive inhibitor,
that is, it blocks the transmission of impulses from the synaptic membranes of the nervous

systems (Figurell ).

This dysfunction eventually causes tetany (muscle contracture crises) (Buckingham
and al., 1997). The majority of its insecticides are dual action, act by contact and ingestion at

very low doses (Matsuda and al., 2001; Nauen 2006; He and al., 2012)
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Figurell: Schematic representation of a cholinergic synapse between two neurons with the main
targets of neonicotenoids. ACh: acetylcholine; AChE: acetylcholinesterase; nAChR: nicotinic type
cholinergic receptor; Na: sodium channel (Raymond-Delpech and al., 2005).

6. Carcinogenic effects:

Acute intoxication usually occurs immediately or shortly after exposure to a pesticide.
The most frequent symptomatic signs encountered during acute poisoning are headache,
nausea, vomiting, dizziness, fatigue, loss of appetite andand skin or eye irritation, difficulty
breathing, seizures and even coma (Samuel, 2012). These harmful effects can be reversible or
irreversible (Engel and al., 2005). However, chronic intoxication generally occurs following
the repeated absorption of low doses of pesticides over a long period. The main effects of
chronic exposure to pesticides are effects on reproduction, development, the immune and

endocrine systems as well as carcinogenic effects (Samuel, 2012).
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6.1. The carcinogenic effects of neonicotinoids on the thyroid gland:

The thyroid is an endocrine gland located on the anterior side of the neck and
regulating, in vertebrates, many hormonal systems by the secretion of triiodothyronine (T3),
thyroxine (T4) and calcitonin. T3 and T4 bind iodine to a protein, under the influence of TSH,
a hormone that regulates the functioning of this gland (Reynolds and al, 2002). In the
thyroid there are many small, rounded, bag-like structures called follicles. The follicles
produce, store and release thyroid hormones. The thyroid is made up of different types of
cells. The follicles are lined with follicular cells, C cells (also called parafollicular cells)
which are scattered throughout the thyroid, including between the follicles and in their
coating. Among the other thyroid cells,there are lymphocytes (a type of white blood cell) and
fat cells ( called adipocytes) (Reynolds and al., 2002).(Figure 12)

Figurel2: histology of thyroide 450x (http://cancerthyroide.blogspot.com).

The impact of neonicotinoids on this gland has been the subject of several studies. Oral
administration of thiamethoxam has caused an enlarged thyroid gland in rabbits (Shalaby and
al., 2010). (Nicolle-Mir,2011) have shown that exposure of male rats to imidacloprid results
in a significant increase in the absolute mass of the thyroid (Tebourbi and al., 2010) reported
that injecting another compound, acetamiprid, into the rats caused a significant increase in the
relative weight of the thyroid gland. However, atrophy of the thyroid gland, manifested by a
decrease in its absolute mass, has been reported after treatment of rats with other
neonicotinoids, fipronil and acetamiprid (Surks and al, 2004) (Johnson and al., 2009). The
impact of neonicotinoids in rats remains unclear. The work of Saadi and al., (2014) showed
the toxicity of a neonicotinoid imidacloprid in wistar rats, after administration of two doses at
3.67 mg/ kg /day and 5.18 mg / kg / day for 30 days orally. The results obtained revealed the
quantitative assay of the thyroid hormones FT3 and FT4 (measured by the ELISA technique).
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The results obtained shown in Table 02 do not reveal any significant deference in FT3 and

FT4 between the control series and the treated series.

Table02 : Effect of a neonicotinoid elidacloprid administered at two doses 3.67 and 5.18 mg / kg / day
on the thyroid hormones FT3 and FT4 in the wistar rat (Saadi and al., 2014).

Groups FT3 (mol/l) FT4 (mol/l)
Control 6.81+ 1.67 30.17+4.76
Imidacloprid 3.67mg / kg / day 6.01 £1.77 24.33 +7.55
Imidaclopride 5.18 mg/kg/jour 6.22 +1.32 27.33 £6.55

However the microscopic observation of the histological sections of the thyroid carried
out by (Martoga and Martoga;1967), showed histopathology in the treated series compared
to the control series. (Figure 16): A and B shows that the thyroid tissue of the control series
composed of numerous follicles of variable diameter and each is delimited by a simple
epithelium composed of thyreocytes with black and ovoid nuclei, These cells surround a
colloid with large filled light. Treatment with imidacloprid affects the histological structure of
the thyroid for the two doses tested. These alterations result in many degenerative changes of
varying degrees in many regions of the thyroid (Figure 14: C and E). By thereby increasing
the number of micro follicles, the number of follicular and parafollicular cells leading to
thyroid cancer. Colloid loss and presence of necrotic tissue are also recorded (Figure 14: D
and F) based on histopathological examination and hormonal dosage results (Saadi and al.,
2014) suggest that the two doses tested imidacloprid caused an increase in an inflammatory

process in the thyroid gland which was a sign of toxicity in rats.

Figure 13: Histological section of a thyroid tissue from the control series, (A) 100 x, (B) 400x (Saadi
and al.,2014).
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Figure 14: Histological section of a thyroid tissue, (C) 100x: series treated with imidacloprid at 3.67
mg / kg / day, (E) 100x: series treated with imidacloprid at 5.18 mg / kg / day in wistar rats, (D) and

(F) image 400x showing the loss of colloid and the presence of necrotic tissue. (Saadi and al., 2014).

CC: C cells. Tn: Necrotic Tissue; Indicates the loss of colloid and the increase in follicular

cells. Indicates the presence of dead cells.

7.Non-carcinogenic effect:

7.1. The reproduction includes all

The stages which go from the production of gametes conditioning fertility, up to the
sexual maturity of individuals through fertilization and implantation of the egg, then
embryonic and fetal development. All these stages are characterized by numerous cell
divisions extremely sensitive to environmental agents (Multigner, 2005). The effects of
neonicotinoids on the reproductive process has been proven expensive in rabbits, indeed show
the increase in testosterone in subjects exposed to neonicotinooid in an agricultural

environment. (Robitaille,2014) Studies have shown the alteration of hormones involved in
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the reproductive process but also follicular development in rabbits exposed to acetamiprid.
(Aina and al.,2015) The effect of neonicotinoids on the reproductive process in rats remains
unclear. Experiments on the wistar rat under laboratory conditions have shown the impact of a
neonicotinoid imidacloprid on reproduction. (Nabiuni and al,2015) performed on the wistar
rat under laboratory conditions have shown the impact of a neonicotinoid imidacloprid on
reproduction. The study was continued for 20 days before the administration of imidacloprid
by ingestion in food. In order to study the toxicity of this pesticide on the reproductive
process, a blood sample was taken to measure the following hormones, testosterone and
progesterone which were determined by the Immuno Chemiluminescence Test. So in order to
determine follicular development, histological sections of the follicles were made(Martoga
andMartoga, 1967). The follicles are classified according to the morphology and the
diameter into 6 groups: primordial, primary, secondary, Graaf, and the corpus luteum
(Nabiuni and al., 2015). The results of this experiment confirm a significant decrease in the
level of testosterone and progesterone compared to the controls (Table 03). The treatment of
rats with imidacloprid affects the number of ovarian follicles (Figure 18) but also the
diameter of these follicles (Figure 19) compared to the control series, thereby altering the

reproductive process.

Table 03: The effects of imidacloprid treatment on serum progesterone and testosteron in wistar rats

compared to controls. (Nabiuni and al., 2015).

Hormone Control Imidacloprid
Testosterone (ng/ml) 0,16 0.15
Progesterone (ng / ml) 7.22 5.03*

28




Chapter 02 : Neonicotinoids

B coatrole

nombre de follicale ovarian

5§ i

atade Tollcalsire

Figure 15: Effect of imidacloprid on follicular number in the wistar rat. PMF: primordial follicles, PF:

primary follicle, SF: secondary follicle, GF: Graaf follicle, AF: atretic follicle, CL: corpus luteum
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Figure 16: Effect of imidacloprid treatment on follicle diameter in wistar rats. PMF: primordial
follicle, PF: primary follicle, SF: secondary follicle, GF: Graaf follicle, AF: atretic follicle, CL: corpus
luteum (Nabiuni, and al., 2015).

7.2.Hepatotoxic effect of neonicotinoids:

The immune system is a biological system made up of a coordinated sandof recognition
and defense elements that discriminate between the self and the non-self. It is made up of a
complex interaction system involving many different organs, cells and substances. The bone
marrow and thymus produce immune cells, lymphocytes. many pesticides are known to have
immunotoxic effects (Riedel and al, 1997). New pesticides are therefore developed each

year to better meandhealth requirements. and other, each year new pesticides are withdrawn
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from the markandor put on the watch list due to their high toxicity on non-targandorganisms
(Yahia, 2016). Studies have shown the effect of a neonicotinoid acetamiprid on the number of
lymphocytes. (Aina and al,2015). showing the increase in lymphocytes in rabbits exposed to
another compound belongs to the family of neonicotinoids, thiamethoxam. (Moullan and
al.,2016) The hematological effects of neonicotinoids remains poorly understood, studies
have shown the effects of a neonicotinoid acetamiprid in wistar rats. (Mondal and al, 2009)
This pesticide has been tested orally at three concentrations 25, 100 and 200 mg / kg / day for
28 days to assess chronic toxicity. After a blood sample from the control and treated series,
two types of cells were studied: neutrophils and lymphocytes. The results obtained showed a
significant increase (p< 0.01) in the total number of neutrophils and a significant decrease (p<
0.01) in the total number of lymphocytes compared to the control series and those with the
two doses tested and a greater effect of the high dose 200 mg/kg/jour (Table 04).

Table 04: Effect of a neonicotinoid acetamiprid on the number of lymphocytes and neutrophils in the

wistar rat (Mondal and al., 2009).

100 mg / kg /
Settings Witnesses 25 mg/kg/jour q 200 mg/kg/jour
ay
Neutrophil (%) 20.95+0.57 23.17+0.70 26.21+0.47 27.17+0.67
Lymphocyt (%) 71.57+0.57 67.17+0.47 64.75+ 0.65 63.0+1.18

7.3.Effect of neonicotinoids on liver function:

The liver is an organ of the digestive system that performs three main functions storage,
redistribution, synthesis and purification after the digestion / adsorption process (Desvergne
and al., 2006). The liver is also a detoxifying organ which biotransformed many xenobiotics
with a view to their elimination (Desvergne and al., 2006). The most significant exams
showing inflammation of the liver are transaminases, Glutamopyruvate Transferase (TGO),
Aspartate aminotransferase (ASAT), Glutamooxaloacetate Transferor (TGP) and alanine
aminotransferase (ALAT). These are enzymes that are released into the blood during the
destruction of liver cells (cytolysis) due to inflammation, for example, from a viral infection
(viral hepatitis) or poisoning. But also conjugated bilirubin (direct), which marks the
destruction of liver cells and free bilirubin (indirect), which can come from the destruction of
red blood cells. Alkaline phosphatases, fibrinogen and albumin are parameters that indicate

good or bad liver function. Research into the toxicity of a neonicotinoid imidcloprid has
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reported alterations in the activity of liver enzymes and increased enzyme activity of alkaline
phosphatase in rats. Results revealed significantly elevated levels of transaminases, (TGO)
and (TGP) and bilirubin levels compared to controls, recorded an increase in bilirubin levels
in rats treated with neonicotinoids oral acetamiprid at three concentrations 25, 100 and 200
mg / kg / day for 28 days compared to controls (Table 05).(Bhardwaj and al, 2010.,Mondal
and al.,(2009)

Table 05: Effect of a neonicotinoid acetamiprid on the bilirubin level in the wistar rat (Mondal and

al., 2009).
Setting Witnesses 25mg/kg/day 100mg/kg/day 90mg/kg/day
Bilirubin 1,01+0,10 1,17+0,12 1,28+ 0,08 1,75+ 0,19

7.4. Effect of neonicotinoids on antioxidant activity:

The detoxification system involving detoxification enzymes remains the only means of
studying the toxicity of xenobiotics. The enzymes involved are mainly divided into: phase I
enzymes, functionalization site (oxidases, reductases, hydrolases) making it possible to mask
the electrophilic or nucleophilic elements of the xenobiotic. Phase II enzymes, known as
conjugation enzymes, which fix endogenous hydrophilic derivatives (glutathione, glucoside,
phosphate or glycuronic acid) on the functional groups revealed in phase I, these conjugation
enzymes are transferases, the best known of which are glutathione-S transferases (GSTs).
Studies have shown that a detoxification system has been established in rats after the
administration of a neonicotinoid imidaclipride orally at two doses 45 and 90 mg / kg. In fact,
an increase in the activity of two detoxifying enzymes, GSH and GST, was recorded

compared to the controls (Table 06).

Table 06: Effect of imidacloprid on the activity of glutathione (GSH) and glutathione S-transferase
(GST), administered orally at 45 mg / kg and 90 mg / kg (Lonare and al, 2014).

Settings
GST GSH
(umol / h / mg / protein)
Control 0.45+0.02 47.89+ 1.24
Imidaclopride 45mg/kg 0.41 +£0.02 4231+ 1.39
Imidaclopride 90mg/kg 0.37£0.03 38.72+ 1.76
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7.5. Neurotoxic effect of neonicotinoids:

The impact of neonicotinoids has been reported to be 20mg / kg / day of oral
imidacloprid. Their results showed the inhibition of the specific activity of
acetylcholinesterase (AChE). (Bhardwaj and al, 2010) Similar results have been reported to
show the alteration of this key nervous system enzyme after administration of the
pendimethaline compound to rats. (Rodrigues and al, 2010) (Banerjee, and al.,2014)
successfully altered this key nervous system enzyme after administration of the pendimethalin
compound to rats. However, the intraperitoneal injection of imidacloprid at a dose of 337 mg /
kg / day for 30 days causes an increase in the specific activity of this enzyme in rats, thereby
inducing alteration of the nervous system and muscular tetany. (Abou-Donia and al., 2008).
Recent work has reported a significant decrease in acetylcholinesterase in the plasma and

brain of rats treated orally with imidacloprid compared to the control series (Table 07).

Table 07: Effect of imidacloprid on the activity of acetylcholinesterase in the plasma and brain of rats,

administered orally at 45 mg / kg and 90 mg / kg (Lonare and al, 2014).

Treatment Plasma Brain
Control 2.52 +£0.09 11.96 £ 0.55
Imidacloprid 45mg / kg 2.37+0.08 9.77+0.19
Imidaclopride 90mg/kg 0.39 £0.01 7.68 £0.16
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1. Definition:

Imidacloprid is a neurotoxic insecticide, which belongs to the group of neonicotinoids. .

It is approved as a plant protection product to fight against harmful insects on agricultural

crops and nurseries, garden plants and houseplants and also, as an external pest control on

pets, . It is also referenced as a biocidal product. (Meister, 1995).

2. Chemical and class type:

Imidacloprid is a neonicotinoid insecticid in the chloronicotinyl nitroguanidine
chemical family. ( Tomlin,.2006) (Tomlin,.2006) The International Union of Pure
and Applied Chemistry (IUPAC) name is 1-(6-chloro-3- pyridylmethyl)-N-
nitroimidazolidin-2-ylideneamine and the Chemical Abstracts Service (CAS) registry
number is 138261-41-3.( Tomlin,.2006)

Neonicotinoid insecticide are synthetic derivatives of nicotine, an alkaloid compound
found in the leaves of many plants in addition to tobacco.( Costa.,2008)
(Copping.,2001) (Ware; Whitacre, 2004)

Imidacloprid was first registered for use in the U.S. by the United States
Environmental Protection

Agency (U.S. EPA) in 1994 (Figure20) . (Hovda, L. R.; Hooser, S. B,.2002)

Cli

N

Figurel7: Molecular Structure - Imidacloprid (https://www.chemsrc.com)
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3.Physical and Chemical properties:

Imidacloprid is made up of colorless crystals with a slight but characteristic odor.

(Tomlin, 2006)
Octanol-Water Partition Coefficient (K,y) : 0.57 at 21 °C
Henry's constant :1.7 x 10™° Pa-m’/mol
Molecular formule: COH10CIN502
Molecular weight: 255.7
CAS #: 13826-41-3
IUPAC name: 1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine.
C.A. name: 1-[(6-chloro-3-pyridinyl)methyl]-N-nitro-2-imidazolidinimine.
Form: Colorless crystals with a weak characteristic odor.
Melting point: 143.8 degrees C (crystal form 1) 136.4 degrees C (crystal form 2).
Solubility in water: 0.51 g/l (20 degrees C).

Solubility in other solvents @ 20 degrees C: dichloromethane - 50.0 - 100.0 g/I;
isopropanol - 1.0-2.0 g/l; toluene - 0.5-1.0 g/I; n-hexane - <0.1 g/l; fat - 0.061 g/100g.

Vapor pressure: 0.2 uPa (20 degrees C) (1.5 X 10 to the minus 9 mmHg).

Specific gravity/density: 1.543 (20 degrees C).

Stability: Stable to hydrolysis at pH 5-11.

Melting point: 136.4-143.8 degrees C.

Kow log p: 0.57 (22 degrees C). (U.S. Environmental Protection Agency,. 1995)

Soil Sorption Coefficient (K,) (Oliver and al.,2005): 156-960, mean values 249-336.

4. Mode of Action:
4.1. TargandOrganisms:

o Imidacloprid is designed to be effective by contact or ingestion. (Tomlin, ,.2006)It is a
systemic insecticide that translocates rapidly through plant tissues following

application. (Tomlin, ,.2006) (Fossen,2006)
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o Imidacloprid acts on several types of post-synaptic nicotinic acetylcholine receptors in
the nervous system.(Buckingham and al, 1997) (Matsuda, and al,2005). In
insects, these receptors are located only within the central nervous system. Following
binding to the nicotinic receptor, nerve impulses are spontaneously discharged at first,
followed by failure of the neuron to propagate any signal. (Schroeder and al., 1984)
(Sheets,2001) Sustained activation of the receptor results from the inability of
acetylcholinesterases to break down the pesticide. (Sattelle and al, 2005). This

binding process is irreversible. (Ware and al, 2004)
4.2. Non-targandOrganisms:

e Imidacloprid's mode of action is similar on targandand non-targandbeneficial insects
including honeybees, predatory ground beetles and parasitoid wasps. (Fossen, ,2006)
However, imidacloprid is ineffective against spider mites and nematodes.
(Tomlin,2006)

e Mammalian nicotinic receptors are made up of a number of subtypes. (Sheets,2001) In
contrast to insects, these receptors are present at neuromuscular junctions as well as in
the central nervous system. (Sheets,2001) However, the binding affinity of
imidacloprid at the nicotinic receptors in mammals is much less than that of insect
nicotinic receptors. (Tomizawa and al,1999) This appears to be true of other
vertebrate groups including birds. (Matsuda and and al, 1998)( Casida, and al,
2005)

e The blood-brain barrier in vertebrates blocks access of imidacloprid to the central

nervous system, reducing its toxicity. (Sheets,2001)

5. Toxicological effect:

5.1. Acute toxicity:

Imidacloprid is moderately toxic. The oral dose of technical grade imidacloprid that
resulted in mortality to half of the test animals (LD50) is 450 mg/kg body weight in rats
(Meister,1995), and 131 mg/kg in mice (U.S. Environmental Protection Agency,. 1995).
The 24-hour dermal LD50 in rats is >5,000 mg/kg. It is considered non-irritating to eyes and
skin (rabbits), and non-sensitizing to skin (guinea pigs) (U.S. Environmental Protection
Agency,. 1995). Some granular formulations may contain clays as inert ingredients that may
act as eye irritants. In acute inhalation toxicity tests with rats, the airborne concentration of
imidacloprid that resulted in mortality to half of the test organisms (LC50) is > 69 mg/meters

cubed air in the form of an aerosol, and >5323 mg/meters cubed air in the form of dust. These
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values represent the maximum attainable airborne concentrations (U.S. Environmental

Protection Agency,. 1995).

5.1.1. Signs of Toxicity — Animals:

Salivation and vomiting have been reported following oral exposure. (Tomlin,.2006)
(Hovda.; Hooser,.2002) Very high oral exposures may lead to lethargy, vomiting,
diarrhea, salivation, muscle weakness and ataxia, which are all indicative of
imidacloprid's action on nicotinic receptors. (Tomlin,.2006) Other signs of exposure
at high doses are uncoordinated gait, tremors, and reduced activity. (Thyssen;
Machemer,1999)

Hypersensitivity reactions in skin have been reported following dermal applications of
products containing imidacloprid. (Tomlin,.2006)

Onsandof signs of toxicity is rapid following acute exposure. In rats, clinical signs of
intoxication occurred within 15 minutes of oral exposure. (Sheets,,2001)
(Sheets,2002) Signs of toxicity disappear rapidly, with most resolving within 24 hours
of the exposure. Lacrimation and urine staining may persist for up to four days after
exposure to some neonicotinoids. Death occurred within 24 hours following
administration of lethal doses.

Neither persistent neurotoxic effects nor effects with a delayed onsandhave been

reported for imidacloprid. (Sheets,2002 )

5.1.2. Signs of Toxicity — Humans:

Three case reports of attempted suicides described signs of toxicity including
drowsiness, dizziness, vomiting, disorientation, and fever. (Wu; Lin; and al.,2001)
(Shadnia,2007) (Deepu and al, 2007 ) In two of these cases, the authors concluded
that the other ingredients in the formulated product ingested by the victims were more
likely to account for many of the observed signs. (Shadnia,2007)

A 69-year-old woman ingested a formulated product containing 9.6% imidacloprid in
N-methyl pyrrolide solution. The woman suffered severe cardiac toxicity and death 12
hours after the exposure. (Huang and al, 2006) Signs of toxicity soon after the
ingestion included disorientation, sweating, vomiting, and increased heart and
respiratory rates.(Huang and al., 2006)

A 24-year-old man who accidentally inhaled a pesticide containing 17.8%
imidacloprid while working on his farm was disoriented, agitated, incoherent,

sweating and breathless following the exposure. (Agarwal, 2008)
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e Pandowners have reported contact dermatitis following the use of veterinary products

containing imidacloprid on their pets.
5.2.Chronic Toxicity:

A 2-year feeding study in rats fed up to 1,800 ppm resulted in a No Observable Effect
Level (NOEL) of 100 ppm (5.7 mg/kg body weight in males and 7.6 mg/kg in females).
Adverse effects included decreased body weight gain in females at 300 ppm, and increased
thyroid lesions in males at 300 ppm and females at 900 ppm. A 1-year feeding study in dogs
fed up to 2,500 ppm resulted in a NOEL of 1,250 ppm (41 mg/kg). Adverse effects included
increased cholesterol levels in the blood, and some stress to the liver (measured by elevated
liver cytochrome p-450 levels) (Federal Register,1995).A three generation reproduction
study in rats fed up to 700 ppm imidacloprid resulted in a NOEL of 100 ppm (equivalent to 8
mg/kg/day) based on decreased pup body weight observed at the 250 ppm dose level (Federal
Register,1995).

5.2.2 Teratogenic Effects:

A developmental toxicity study in rats given doses up to 100 mg/kg/day by gavage on
days 6 to 16 of gestation resulted in a NOEL of 30 mg/kg/day (based on skeletal
abnormalities observed at the next highest dose tested of 100 mg/kg/day) (Pike, K.S and
al.,1993). In a developmental toxicity study with rabbits given doses of imidacloprid by
gavage during days 6 through 19 of gestation, resulted in a NOEL of 24 mg/kg/day based on
decreased body weight and skeletal abnormalities observed at 72 mg/kg/day (highest dose
tested) (Federal Register,1995).

5.2.3. Mutagenic Effects:

Imidacloprid may be weakly mutagenic. In a battery of 23 laboratory mutagenicity
assays, imidacloprid tested negative for mutagenic effects in all but two of the assays. It did
test positive for causing changes in chromosomes in human lymphocytes, as well as testing

positive for genotoxicity in Chinese hamster ovary cells (Federal Register, 1995).

38



Chapter 03 : Imidiacloprid

5.2.4.Carcinogenic Effects:

Imidacloprid is considered to be of minimal carcinogenic risk, and is thus categorized
by EPA as a "Group E" carcinogen (evidence of noncarcinogenicity for humans). There were
no carcinogenic effects in a 2-year carcinogenicity study in rats fed up to 1,800 ppm

imidacloprid ( U.S. Environmental Protection Agency. 1995).

5.2.5. Organ toxicity:

In short-term feeding studies in rats, there were thyroid lesions associated with very

high doses of imidacloprid (Federal Register, 1995).

5.2.6. Fate in humans and animals:

5.2.6.1. Animals:

e Rats consumed imidacloprid in their diandfor three months at doses of 14, 61, and 300
mg/kg/day for males and 20, 83, and 420 mg/ kg/day for females. Researchers noted
reductions in body weight gain, liver damage, and reduced blood clotting function and
platelandcounts at 61 mg/kg/day in males and 420 mg/kg/day in females. Liver
damage disappeared after exposure ended, but abnormalities in the blood were not
entirely reversible. Researchers estimated the NOAEL at 14 mg/kg/day. (Eiben and
al.,1989)

e Imidacloprid dust was administered through the noses of rats for six hours a day, five
days a week for four weeks at concentrations of 5.5, 30.0, and 190.0 mg/m>. Male rats
exhibited reduced body weight gain at the two highest doses and at the highest dose,
increased liver enzyme activity and increased blood coagulation time was noted.
Female rats exhibited increased liver enzyme activity at the two highest doses and at
the highest dose, researchers noted enlarged livers and reduced thrombocyte counts.
No effects were observed at the lowest dose. (Pauluhn,1988)

e Researchers applied a paste containing 1000 mg/kg imidacloprid to the shaved flanks
and backs of rabbits, exposing the rabbits for 6 hours a day for 15 days. Rabbits
showed no effects from the treatment. (Flucke,1990)

e Researchers fed imidacloprid to beagles for one year. Concentrations were 200, 500,
or 1250 ppm for the first 16 weeks and 200, 500, and 2500 ppm for the remainder of
the trial. Doses were equivalent to 6.1, 15.0, and 41.0 or 72.0 mg/kg/day. Researchers
noted reduced food intake in the highest dose group. Females in this group exhibited
increased plasma cholesterol concentrations at 13 and 26 weeks. Both males and

females in this group exhibited increased cytochrome P450 activity in the liver and
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increases in liver weights at the end of the study. No adverse effects were observed at

the two lowest doses. (Allen;1989,1990)
5.2.6.2. Huamns:

No studies were found involving human subjects chronically exposed to imidacloprid.

6. Carcinogenicity:

6.1. Animals:

Researchers concluded that Scottish terriers treated with topical flea and tick products,
including those containing imidacloprid, did not have a greater risk of developing
urinary bladder cancer compared with control dogs. (Raghavan, 2004) Rats were fed
imidacloprid for 18 or 24 months at unspecified concentrations. Although signs of
toxicity were noted, researchers concluded that imidacloprid showed no evidence of
carcinogenic potential. (Thyssen, 1999)

A range of studies using both in vitro and in vivo techniques concluded that

imidacloprid did not damage DNA.

6.2. Humans :

The U.S. EPA has classified imidacloprid into Group E, no evidence of
carcinogenicity, based on studies with rats and mice. (Thyssen, 1999) (Federal
Register2005)

A study of human lymphocytes exposed to greater than 5200 pg/mL of imidacloprid
demonstrated a slight increase in chromosome abnormalities in vitro, but this result

wasnot found with in vivo tests.

7. Ecological effect:

7.1. Effect on birds:

Imidacloprid is toxic to upland game birds. The LD50 is 152 mg/kg for bobwhite quail,

and 31 mg/kg in Japanese quail (Meister, 1995) (U.S. Environmental Protection Agency,.

1995 ). In studies with red- winged blackbirds and brown-headed cowbirds, it was observed

that birds learned to avoid imidacloprid treated seeds after experiencing transitory

gastrointestinal distress (retching) and ataxia (loss of coordination). It was concluded that the

risk of dietary exposure to birds via treated seeds was minimal. Based on these studies,

imidacloprid appears to have potential as a bird repellent seed treatment (Avery, and al.,

1994) (Averyand al.,1993 ).
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7.2. Effect on aquatic organism:

The toxicity of imidacloprid to fish is moderately low. The 96-hour LC50 of
imidacloprid is 211 mg/1 for rainbow trout, 280 mg/l for carp, and 237 mg/1 for golden orfe. In
tests with the aquatic invertebrate Daphnia, the 48- hour EC50 (effective concentration to
cause toxicity in 50% of the test organisms) was 85 mg/l. (U.S. Environmental Protection

Agency,. 1995) .Products containing imidacloprid may be very toxic to aquatic invertebrates.
7.3. Effects on other animals (Non targandspecies):

Imidacloprid is highly toxic to bees if used as a foliar application, especially during
flowering, but is not considered a hazard to bees when used as a seed treatment (U.S.

Environmental Protection Agency,. 1995).

8. Enironmental fate:

8.1. Breakdown of chemical in soil and groundwater:

The half-life of imidacloprid in soil is 48-190 days, depending on the amount of ground
cover (it breaks down faster in soils with plant ground cover than in fallow soils) (Scholz and
al., 1992). Organic material aging may also affect the breakdown rate of imidacloprid. Plots
treated with cow manure and allowed to age before sowing showed longer persistence of
imidacloprid in soils than in plots where the manure was more recently applied, and not
allowed to age (Rouchard and al, 1994). Imidacloprid is degraded stepwise to the primary
metabolite 6-chloronicotinic acid, which eventually breaks down into carbon dioxide
(Buckingham and al.,1997). There is generally not a high risk of groundwater contamination
with imidacloprid if used as directed. The chemical is moderately soluble, and has moderate
binding affinity to organic materials in soils. However, there is a potential for the compound
to move through sensitive soil types including porous, gravelly, or cobbly soils, depending on

irrigation practices (Matsuda and al,.2005).
8.2. Breakdown of chemical in surface water:

e Imidacloprid is broken down in water by photolysis. (Liu and al., 2006) Imidacloprid
is stable to hydrolysis in acidic or neutral conditions, but hydrolysis increases with
increasing alkaline pH and temperature. (Zheng and al., 1996)

o Researchers determined that hydrolysis of imidacloprid produced the metabolite 1-[(6-
chloro-3-pridinyl)methyl]-2-imidazolidone. (Zheng and al,1996) This may be
further broken down via oxidative cleavage of the N-C bond between the pyridine and
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imidazolidine rings, and the resulting compounds may be broken down into C0,, NO5,
and CI'.(Liu and al, 2006)

e When imidacloprid was added to water at pH 7 and irradiated with a xenon lamp, half
of the imidacloprid was photolyzed within 57 minutes. (Roberts and al, 1999) Nine
metabolites were identified in the water, of which five were most prominent. These
included a cyclic guanidine derivative, a cyclic urea, an olefinic cyclic guanidine, and
two fused ring products. These metabolites accounted for 48% of the radio carbon
label following two hours of radiation, and the parent compound accounted for 23% of
the label. (Roberts and al., 1999)

e Although hydrolysis and photodegradation proceeded along different metabolic
pathways in aqueous solution, the main metabolite was imidacloprid-urea in both
cases. (Liu and al.,2006)

e At pH 7, only 1.5% of the initial concentration of 20 mg/L of imidacloprid was lost
due to hydrolysis in three months, whereas at pH 9, 20% had been hydrolyzed in
samples that were kept in darkness for the same time period. (Zheng and al.,1996)

o The presence of dissolved organic carbon in calcareous soil may decrease the sorption
potential of imidacloprid to soil, and thus increase the potential for imidacloprid to
leach and contaminate groundwater. (Flores-Cespedes and al., 2002)

o A total of 28.7% of imidacloprid applied to a 25 cm soil column in the laboratory was
recovered in leachate. Formulated products showed greater rates of leaching likely due
to the effects of carriers and surfactants. Under natural conditions, soil compaction and
rainfall amount may also affect leaching potential. (Gupta and al., 2002)

o Imidacloprid is not expected to volatilize from water.( (HSDB), Imidacloprid,2006)
8.3. Breackdown of chemical in vegetation:

Imidacloprid penetrates the plant, and moves from the stem to the tips of the plant. It
has been tested in a variety of application and crop types, and is metabolized following the
same pathways. The most important steps were loss of the nitro group, hydroxylation at the
imidazolidine ring, hydrolysis to 6- chloronicotinic acid and formation of conjugates (U.S.

Environmental Protection Agency,. 1995)
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9. Fate in the body:

9.1. Absorption:

The gastrointestinal tract of rats absorbed 92% of an unspecified dose. Plasma
concentrations peaked 2.5 hours after administration.

Little systemic absorption through the skin occurs following dermal exposure in pets.
Researchers tested imidacloprid absorption using human intestinal cells. Cells rapidly
absorbed imidacloprid at a very high rate of efficiency. Researchers concluded that an

active transport system was involved. (Brunandand al., 2004)

9.2. Distribution:

Researchers administered a single oral dose of radio-labeled imidacloprid at 20 mg/kg
to male rats. One hour after dosing, imidacloprid was detected throughout the bodies
with the exception of fatty tissues and the central nervous system. (Klein and al.,
1987)

No studies were found examining the distribution of imidacloprid in humans.

9.3. Metabolism:

Mammals metabolize imidacloprid in two major pathways discussed below.
Metabolism occurs primarily in the liver. (Thyssen and al 1999)

In the first pathway, imidacloprid may be broken by oxidative cleavage to 6-
chloronicotinic acid and imidazolidine. Imidazolidine is excreted in the urine, and 6-
chloronicotinic acid undergoes further metabolism via glutathione conjugation to form
mercaptonicotinic acid and a hippuric acid. (Thyssen and al.,1999) (Klein and al.,
1990)

Imidacloprid may also be metabolized by hydroxylation of the imidazolidine ring in
the second major pathway. (Thyssen and al., 1999) (Klein and al., 1990) Metabolic
products from the second pathway include 5-hydroxy and olefin derivatives.

(Klein,1987)

9.4. Excretion :

The metabolic products 5-hydroxy and olefin derivatives resulting from hydroxylation
of the imidazolidine ring are excreted in both the feces and urine. (Klein and al.,

1990) (Schulz-Jander and al., 2002)
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Metabolites found in urine include 6-chloronicotinic acid and its glycine conjugate,
and accounted for roughly 20% of the original radio-labeled dose. (Roberts and al.,
1999)

Metabolites in the feces accounted for roughly 80% of the administered dose in rats
and included monohydroxylated derivatives in addition to unmetabolized
imidacloprid, which made up roughly 15% of the total. Olefin, guanidine, and the
glycine conjugate of methylthionicotinic acid were identified as minor metabolites.
(U.S. Environmental Protection Agency. 1995) (Roberts and al., 1999)

Rats excreted 96% of radio-labeled imidacloprid within 48 hours following an
unspecified oral dosing, with 90% excreted in the first 24 hours. (Klein, O.1987)
Radio-labeled imidacloprid was present in low amounts in organs and tissues 24 hours
after male rats were orally dosed with 20 mg/kg. (U.S.Environmental Protection
Agency, 1995)

No information was found on the specific metabolism of imidacloprid in humans.
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1. Definition:

Mellissa has long been known for its effectiveness in depressive states and anxiety. It is
part of the composition of "Carmes lemon balm water'" [Andrew Chevallier., 2007] (made
since the 17th century is an alcohol distilled from various plants, the main base of which is
Mellissa officinalis) (Gerard ,2003 ) . This remedy, now developed by a pharmaceutical
laboratory, according to the original recipe, is recommended in case of nervous disorders.
Today, this fragrant and calming plant can be effective in the treatment and herpes. (Andrew
Chevallier.,2007) (figure 18)

Figure 18 : Mellissa officinalis [https://www.homegrownherbalist.net]

2. Morphological description:
Lemon balm is a herbaceous perennial 30-80cm, hairless or hairy, has a penetrating and

very pleasant lemon scent. (Gerard., 2003)

The underground part consists of underground stems, branching, bearing roots and
producing adventitious buds which allow the plant to perpetuate and multiply.
(Hammoudi.,2015; Zeghib., 2013)

The stem: It is erect, quadrangular (typical character of Lamiaceae), more or less hairy;

little branched at the base, it becomes strongly in the upper parts at flowering.

The branches of the upper part bear flowers and are well developed, while they are short

and non-flowering in the lower part. (figure 19)(Hammoudi., 2015; Zeghib., 2013)
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Figure 19: The stem of mellissa officinalis (https://www.sciencephoto.com)

The leaf : The leaves of Melissa officinalis are simple, opposite, oval, sometimes
slightly cordate, petiolate, broadly toothed in saw, with reticulated venation and measuring 5
to 8 cm y 4 to 5 cm. The upper surface, dark bright green in color, is rough to the touch
because it is covered with fine, short, white protective hairs. The ribs, protruding on the
underside much paler and hairless, form a network between the branches from which the
blade is raised which gives the underside a characteristic embossed appearance. The leaves of

the axillary twigs are smaller. (Figure 20)(Hammoudi and a/.,2015 ; Zeghib and al.,2013)

Figure 20: The leaf of mellissa officinalis (https://www.kaaterskillherbexchange.com)
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The flower : Flowering takes place from June to September. The type of inflorescence
is the cyme; white, pink, briefly stalked. Les fleurs sont groupees par trois ou six en verticilles
axillaires unilateraux, espaces le long de la tige andinseres a l'aisselle des feuilles superieures

andcentrales.(Figure 21)(Hammoudi R.,2015 , Zeghib A.,2013)

Figure21: the flower of mellissa officinalis (https://www.mesarbustes.fr)

3. Botanical classification:

The botanical classification places Melissa officinalis in:

Y

Reign: Plantae
Sub-Kingdom: Tracheobionta
Division: Spermatophyta
Phylum: Spermaphytes
Under phylum: Angiosperms
Class: True broadleaf
Subclass: Asterids

Order: Lamial

Family: Lamiaceae

kind: Melissa

Species: Melissa officinalis (Dupont F., Guignard J.L., (2007))

vV V. V V V V V V V VY

The species Melissa officinalis known by the French vernacular name ,,Melisse,

Citronnelle®, Arabic ,,Tariane® and Marocain ,,hbak tranj“z b @
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4. Main constituents:

The fresh lemon balm plant is composed of 0.01% essential oil, while the dry plant

contains 0.05%. (Youla and Latrous.,2017)
The essential oil itself consists of:( (Youla and Latrous.,2017)
- Terpene aldehydes (citronellal and citral, a mixture of neral and geranial)
-Alcohols, terpenics (eugenol, geraniol, citronellol, linalol)
- Sesquiterpenes (caryophyllene)

The other components of lemon balm are:

Phenol acids (rosmarinic acid, chlorogenic acid, caffeic acid)

Triterpenes (ursolic acid, oleanic acid, hydroxyoleanolic acid)

Flavonoids (derivatives of luteolin and quercetol)

Coumarines

Tannins

- Uronic mucilages

5. Medicinal and therapeutic uses of Melissa Officinalis:

Lemon balm is a plant native to the east of the Mediterranean basin (Turkey) and found
in all temperate climates on the planet. Its use, as a medicinal plant, dates back to
Theophrastus and Hippocrates, in ancient Greece. At the time, we already recognized its
benefits to calm anxious people and soothe nervous disorders. Arabs used it as an
antispasmodic and FEuropeans as a digestive, calming and for antiviral treatment.

(Bartels., 1986 ; Quezel and al.,1962/1963)
5.1. Internal uses:

-Treatment of nervous disorders: stress, anxiety, anxiety, nervous breakdown.
- Antispasmodic effects: spasms of the stomach and colon.

- Sleep disturbances: insomnia.

- Heart problems: tachycardia.

-Gastric disorders: excess stomach acidity.

- Improves blood circulation: distension or contraction of the vessels.
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5.2. External uses:
-Fight against viral infections: cold and genital herpes, shingles, neuralgia and injuries.
- Relaxation of muscles and nerves: tense muscles and nerves.
5.3. Contraindications:

Due the lack of substantial documentation on the issue taking melissa is not
recommendes for children as well as pregnant or breastfeeding women . taking melissa can
accentuate the effects of alcohol on the recommended to consume alcohol during treatement

with lemon balm (melissa ) products
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Second part

Practical side
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1. Materials and methods

1.1. Laboratory equipment:

The experimental research work was did at the laboratory in the University of Exact
Sciences and Sciences of Nature and Life El Arbi Tebessi from the adaptation period,

treatment, sacrifice and dosage.
1.2. Biological material
Choice of animal:
For our work we chose the wistar rats (are from the Pastor Institut of Algiers)

In the event that human physiology is targeted because they are sufficiently close

mammals to humans.In addition, they are very soft ,small and it facilitates handling

Figure22: wistar rats (original)

1.3 Chemical material
We used the neonicotinoid pesticide of the substance imidaclopride
We practiced in two different doses, which the doses are:

» 1,45mg /kg — for Smg of solution.

» 14,5mg /kg — for 50mg of solution.
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1.4. Plant materiel

During treatment, we used the aqueous extract of Melissa officinalis dilute in distilled
water to facilitate oral gavage it is available in the laboratories of our university the dose

eligible is 10mg /kg

Figure 23 : melissa officinalis extract (provencearome.fr)

2. Method
2.1 Allotment and adaptation of rats
We used 20 rats globally for this study, they are taken to veterinary cages made of

polyethylene woven sawdust in a pandstore favorable for them the rat food was: corn, bread

and water

Figure24: housing of rats in cages during the experimental study (Original)
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2.2. Weight measurement and processing:

The weight of the rats was measured daily by an electronic balance the results are in
grams about 150 to 200 g; for each rat we distinguish a very precise dose of pesticides and

Melissa Extract according to the following relationship.

290¢g » 150ul
Measured weight ——  dose obtained

2.3Treatment:

Our study is subacute lasted 20 days, the treatment is by oral voice is done by the order

of the batches.
Lot Ct Lot A Lot B Lot C Lot D
4rat 4ratsare |4 rats are|4 rats are|4 rats are
undergoes no | treated with | treated with | treated with |treated with
treatment pesticide |pesticide |pesticide pesticide
_ D :5mg D :50mg+ D :5mg
D:50mg +Melissa | Melissa

D: dose of pesticide neonicotinoide , Ct: control

. EAPACITY:

TOBDGgX1g/i2480zX0, 10z

Figure 25: weight measurement with a gram scale(Original)

55



Chapter 01:Materials and Methods

Figure26: oral gavage of Melissa extract (original)
2.4. Behavioral assessment test

2.4.1.Labyrinthe classic:
This type of labyrinth consists of a platform with a series of vertical walls and a
transparent ceilingThe rat starts in one place, runs through the labyrinth, to arrive at a food

reward in another place in a given time. (Figure 27)

Figure27: classic labyrinth fixed by camera connected to a computer in a quiandroom.

(Original)
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2.4.2. Handling mode

We followed by a camera connected to a computer the movement of the rats to arrive at
the food reward that varied from lot to other during the examination , To assess the animals'
level of anxiety, we measure the time spent in the different parts of the device , thus, the
principle of the test based on the fact that an animal explores the parts or places of initial
deposit for longer, is considered to be anxious, the duration of the test is 20 min , and between

each test the labyrinth is cleaned with lethanol 10%(ku lli jaake-movits and al.,2005)

2.4.3. The Vsoc-maze:

The behavioral studies using the vsoc labyrinth which we did to know the
neurobiological mechanisms appeared in rats and evaluating the neuropsychiatric disorders to

reach the effect of treatment in social relationships and reactions
Manual work

the Crawley’s sociability test also called three-chamber apparatus (Chadman and al.,
2008;McFarlane and al., 2008; Moy and al., 2008), which allows to study two different
parameters:sociability and preference for social novelty. Sociability is defined as the tendency
of theexperimental mouse to spend more time exploring an unfamiliar mouse than exploring
anobject or an empty chamber. Instead, preference for social novelty is defined as the
propensityto spend more time exploring a new unfamiliar mouse than the now-familiar mouse
that wasexplored in the sociability phase (Moy and al., 2004; Yang and al., 2011). Due to
the length ofthe different phases in the Crawley’s sociability test, the procedure is time-
consuming andexperimental variability is sometimes troublesome.( Martinez-Torres, and

al.,2019)
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115632

Figure 28: The Vsoc-maze fixed by camera connected to a computer in a quiandroom.

(Original)
2.5. Sacrifice and organ harvesting:

After 20 days of treatment we made the sacrifice and the removal of the organs, we

dissected the rat skull to extract the brain. (Figure 29) (Figure 30)
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Figure 29: Removal of brain (Original)

Figure 30:Rat brain sample (original)
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2.6. Study of the cellular and molecular integrity of neurocytes

After the sacrifices of the rats we recovered the brains, we rinse them ,then we measure

them with a precision balance; in 4 to 6 hours maximum we prepare the mitochondrial used to

assess swelling, permeability and breathing, mitochondrial

2.6.1 Preparation of mitochondrial suspensions

The mitochondria are extracted according to the method described by (Rusten and al.,

1994) it is a purification by differential centrifugation. Briefly, after decapitation of the rats,

the brains are quickly removed and immersed in a TSE buffer. (10mM tris , 250 mM sucrose,

0,1 mM EDTA, pH 7,2 to 4C°).

>

Y V V V

Nerve tissue is finely cut and posterized in 3.5ml of TSE, which allows the destruction
of cells and the release of mitochondria,

The recovered homogenate is centrifuged at 10,000 rpm for 10 min,

thus allowing the removal of large cellular debris.

The recovered pellandis centrifuged a second time at 10,000 rpm for 10 min
Supernatants from two centrifugations are recovered and centrifuged at 14,000 rpm at
4 ° C. for 10 min

The pellandobtained is resuspended in 1 ml of TSE and centrifuged at 14,000 rpm for
10 min..

The pellandfrom this last centrifugation is resuspended in 1 ml of TS buffer (250 mM
sucrose, 50 mM tris, pH 7,2 t020 C°) is centrifuged for 10 min at 14,000 rpm.

The final pellandconsisting of mitochondria, and is recovered in 500 ul of TS buffer to
obtain the fresh mitochondrial suspension,

a fraction of which will be used directly in the evaluation of the structural and
functional integrity of the mitochondria,

the rest is kept at -80 ° C for further dosing.
2.6.2 Preparation of the mitochondrial matrix

The mitochondrial suspension is frozen-thawed 6 to 8 times with accumulated and

repeated poteration, in order to burst the mitochondria.

» After centrifugation for 10 min at 9600 rpm, the supernatant is used as the source of

the stress parameters (Lahouel and al.,2015)
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2.6.3 Assessment of swelling, patency and mitochondrial respiration

According to the method of (kristal and al.,1996), we carried out the estimation of
mitochondrial permiablite based on the rate of Ca++ crossing their membranes, this
permeability followed by an increase in the size of the mitochondria detected at a wavelength
of 540 nm for 3 min and every 30 seconds , respiration was estimated using an axygraph

(Hansatech ®) according to the method described by (Rouabhi and a/ .,2006;2009)

3. Methods for the determination of biochemical parameters

3.1. Metabolic parameters

3.1.1. Extraction and determination of metabolites

The extraction of the various metabolites was carried out according to the method of
Duchatear and Flarkin the main steps are summarized in the (figure 32 )below , Control
and treated samples are ground using a magnetic mill in trichloroacetic acid (TCA) t020%
(200 mg of organ 1 ml of TCA). After a first centrifugation (5000 rpm, pendant 10min the In
pellandl, on adding 1 ml of ether / chloroform mixture (1V / 1V) and after a second
centrifugation (5000 rpm, in 10 min), on obtaining the supernatant II and the pellandlIl, the
supernatant Il will be used for the lipid assay (Goldsworthy and al.,1972) and pellandll,
dissolved in NaOH (0.1 N), will be used for the determination of proteins, according to

(Bradford., 1976).
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Figure32: method of extraction and determination of the main biochemical constituents (lipid

and protein)
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3.1.2. Assay methods
3.1.2.1. Dosage of total lipids

e Total lipids were determined according to the method of (Goldsworthy and al., 1972)
using the sulfo-phospho-vanillinic reagent (0.38 g of vanillin, 195 ml of 85%
orthophosphoric acid and 55 ml of distilled water ) and a stock lipid solution (2.5 mg / ml)

as standard.

e Adding 1 ml of sulfuric acid (98%), after stirring, the tubes are heated in a water bath
(100 ° C for 10 min); 200 ul of each tube are then with drawn and 2.5 ml of reagent are
added;

The absorbances were read after 30 min of darkness at a wavelength of 530 nm.
3.1.2.2. Dosage of total proteins

The assay of the proteins is carried out according to the method of (Bradford.,1976).
Which uses the brilliant blue of coomassie (BBC) as reagent. This reveals the presence of
proteins in the blue dyes And (B.S.A) as standard. The calibration range was carried out using
a stock solution of bovine serum albumin (BSA). (1 mg / ml) and the B.B.C (storage about 21

days at 4 ° C) which is prepared as follows:
e 100 mg of BBC + 50 ml of ethanol Agitation for two hours;

e 100 ml of orthophosphoric acid are then added and the whole is made up to 1000 ml with

distilled water;
e The protein assay was carried out in an aliquot fraction (100 ml);
e The absorbances were read in a spectrophotometer at a wavelength of 595nm.
3.2. Oxidative stress parameters
Which includes enzymatic and non-enzymatic parameters.

3.2.1. Non-enzymatic biomarkers

3.2.1.1 Dosage of Malondialdehyde (MDA)

MDA is one of the products terminated during the breakdown of polyunsaturated fatty
acids (PUFA) mediated by free radicals.
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Principle

Malondialdehydes (MDA) are assayed according to the method of (Eserbauer and
al.,1992) This method is based on the colorimetric measure of the reaction from the acid
thiobarbituric (TBA) and the malondialdehyde (MDA) in an acidic and hot medium (100 ° C)

giving a red brown product whose color is obtained at a wavelength of 530 nm.
Experimental protocol

Prepare the homogenates from 200 mg of organ with TP homogenization buffer (pH

7.4);
Centrifuge at 3000 rpm for 10 min;
Take 375 pl of supernatant;
Add 150 pl of TBS solution buffer (50 mM Tris, 150 mM NaCl pH 7.4);
Add 375 pl of TCA-BHT solution (TCA 20%, BHT 1%);
Agitator and centrifuge at 1000 rpm for 10 min;
Take 400 pl of supernatant;
Add 80 pul of 0.6 M HCI;
Add 320 pl of Tris-TBA solution (Tris 26 mM, TBA 120 mM);
Mix and incubate in a water bath at a temperature of 80 ° C for 10 min;
Read The optical density at A = 530 nm.

» The absorbance is directly proportional to the amount of MDA formed, thus giving an

accurate assessment of the peroxidized lipids.
3.2.1.2 Glutathione (GSH) dosage
Principle of the method

The principle of this assay is based on the measurement of the optical density of 2-nitro-
S-mercapturic acid. This last result of the reduction of 5,5’-dithio-2-nitrobenzoic acid (Ellman
reagent or DTNB) by the groups (-SH) of glutathione. Once prepared, the homogenate must
undergo deproteinization with 0.25% sulfosalicylic acid to protect the (-SH) groups from
(weckbeker and Cory glutathione.,1988).
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Experimental Protocole

Prepare the homogenates from 1 ml of culture with EDTA phosphate buffer

(0.02M);

Take 0.8 ml of the targandhomogenate and add 0.2 ml of a 0.25% sulfosalicylic acid

solution (SSA);

Shake the mixture and landit hang for 15 min in an ice bath;
Centrifuge at the speed of 1000 rpm for 5 min;

Take 0.5ml of supernatant;

Add to the mixture: 1 ml of Tris-EDTA buffer (0.02 M EDTA, pH 9.6), 0.025 ml of

DTNB and 0.5 ml of the supernatant.

Landstand for 5 minutes at room temperature for color stabilization. The colorimetric

reaction develops instantly;

Measure the absorbances at 412 nm against the blank.

3.2.2. Enzyme biomarkers
3.2.2.1. dosage of Glutathione peroxidase (GPx) activity

The enzymatic activity of glutathione peroxidase (GPx) was tested by the method of
(flohe and gunzler.,1984)This method is based on the reduction of hydrogen peroxide
(H202) in the presence of the reduced glutathione (GSH), this last is in (GSSG) under the

influence of GPx according to the following reaction:
GPx
H,0, + GSH — GSSG + 2H,0,

Experimental Protocol
Prepare the homogenates from 200 mg of organ with TP homogenization buffer
(PH3);

Centrifuge at 3000 rpm for 10 min;

Take 0.2 ml of supernatant;
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Add 0.4 ml of GSH (0.1 mM);
Add 0.2 ml of TBS solution buffer (50 mM Tris, 150 mM NaCl, pH 7.4);
Incubate in a water bath at 25 ° C, for 5 min;
Add 0.2 ml of H202 (1.3 mM) to initiate the reaction, left to act for 10 min;
Add 1 ml of TCA (1%) to stop the reaction;
Put the mixture in an ice bath for 30 min;
Centrifuge for 10 minutes at 3000 rpm;
Take 0.48 ml of supernatant;
Add 2.2 ml of TBS solution buffer;
4 Add 0.32 ml of DTNB (1 mM);
Mix and after 5 minutes; read the optical densities at 412 nm.

3.2.2.2 Dosge of Glutathione S-Transferase (GST) activity

The glutathione S-transferases developed to a family of essentially cytosolic
multifunctional enzyme, applied in transport and intracellular biosynthesis, they catalyze
conjugation reactions between an endogenous peptide, glutathione, and reactive molecules

containing electrophilic sites..

The measurement of glutathione S-Transferase (GST) activity is determined according
to (Habig and al., 1974) method; it measures the kinetics of formation between a model

substrate, chlorodinitrobenzene (C-DNB) and glutathione

It is based on the conjugation reaction between TPS and a substrate, CDNB (1-Chloro2, 4 di
nitrobenzene) and a co-actor glutathione (GST), the conjugation leads to the formation of a

new molecule.

1-S-Glutathionyle 2-4Di nitrobenzene used to measure the activity of GST according to

the following reaction:

67



Chapter 01:Materials and Methods

NO2Z

GST
— O2IN SG+Cl+H

e
™NO2

GST +

The value of the optical density obtained is directly proportional to the amount of

conjugate formed itself linked to the intensity of the TPS activity.
To do this, we have the following steps:

Homogenization with 1 ml of phosphate buffer (0.1 M, pH 06).

The homogenate is centrifuged at 14,000 rpm for 30 min and the recovered
supernatant will serve as the source of enzymes.

The assay consists in reacting 200 pl of supernatant with 1.2 ml of CDNB (1
mM), GSH (5§ mM) mixture [20.26 mg CDNB, 153.65 mg GSH, 1 ml ethanol, 100 ml
phosphate of buffer (0.1 M, pH 06)].

The absorbances are read for one minute and every 15 seconds at a
wavelength of 340 nm against a blank containing 200 ul of distilled water replacing
the amount of supernatant.

The absorbance is read at 340 nm after 30 s in 3 min

3.2.2.3. Dosage of catalase activity (CAT)

e The spectrophotometric measurement of catalase activity (CAT) is carried out
according to the method of (Cakmak and Horst.,1991). The decrease in absorbance
is recorded for three minutes by a spectrophotometer for a wavelength of 240nm and a
coefficient molar line extinction =39400 uM '.cm 'L, for a final volume of 3 ml;
the reaction household contains:100ul of the crude enzyme extract, 50 pl of hydrogen
peroxide HIJOL! at 0.3% and 2850 ul of phosphate buffer (50 mm, pH 7.2).the
hydrogenation calibration is carried out in absence of the enzyme extract. the reaction

triggered by the addition of hydrogen peroxide.
3.2.2.4. Determination of acetylcholinesterase (AChE)

The most common AChE acetylcholinesterase assay (ellman and and al., 1961)
is to provide the enzyme with a substrate, lectylecholine, the hydrolysis of which

releases thiocholine and acetic acid. the sample is homogenized in 1 ml of detergent
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AR NN

solution (38.03 mgethylethylene glycol tris- B-aminoethyl ether NN N'N, 1 ml triton
X100% 5.845g NaCl , 80 ml tris buffer 10 mm) using an ultrasonic homogenizer and
then centrifuges at 5000 rpm for 5 min, the supernatant is used immediately for the
measurement of AChE activity. the AChE assay steps are as follows:
100 pl of supernatant + 100 ul of DTNB (0.1 M, ph = 8) (39.6 mg of DTNB, 15 mg
CO3 Na, in 1 ml tris (0.1 M, ph7) and 1 ml of tris buffer (0.1 M, ph 7)
After 5 minutes of rest necessary to exhaust the spontaneous reaction, 100 ul of
acetylthiocholine substrate (118mg Ach without Sml distilled water)
The densities are read at 412nm every 4min for 20min.

4. Statistic study:
The results are obtained from a test with a criterion present in the form (mean plus /
minus standard deviation) the results obtained are represented by histograms.
We determined the statistical parameters for each experimental batch. Data were
analyzed by analysis of variance with P significance rate and compared to controls by
the test of Dunnett. These calculations were carried out using MINITAB 17.01
software and Exel 2013.

the comparison result as follows:

. p> 0,05 = the difference is not significant,

. (*) 0,05> P > 0,01 = the difference is significant,

. (**) 0,01> P > 0,001 = the difference is highly significant,
. (***) P <0,001 = the difference is very highly significant.
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1. Result:

1.1.Growth parameters:

1.1.1. Action of Imidacloprid and Melissa sp and the imidacloprid / Melissa sp

combination on body growth in rats treated for 20 days

Results of the evaluation of the growth parameters in terms of body weight, weight gain
and relative weight during the 90 days of treatment of the different groups of animals with

imidacloprid 5mg, 50mg, and imidiacloprid /Melissa extract.
1.1.1.1. Weight gain:

The results of the weight gain assessment (Figure 33) show a highly significant
reduction (p<0.01) in weight gain in the lots treated with imidiacloprid (5mg) and
imidiacloprid 50mg / M. extract compared to the control lot . These results also show a very
highly significant decrease (p<0.001) in the rats treated with imidiacloprid (50 mg) compared
to the control group. On the other hand, there is an improvement in weight gain each time that
the midiacloprid is combined with the M. extract like the batch treated with imidiacloprid
(5mg) / the M. extract.
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Figure33: Evolution of body weight gain (GP) in control rats treated after 20 days of treatment with
imidiacloprid (5mg / 50mg) and imidiacloprid(5mg/50mg) / melissa extract
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1.1.1.2. Relative weight of the brain (RBW):

The results obtained following the evaluation of the RZ, only show a non-significant
increase (P> 0.05) in the relative weight of the brain in the group treated with imidiacloprid

(50 mg) in comparison with the control group. (figure 44)
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Figure34: Evolution of the relative weight of the brain (RWB) in rats treated for 20 days with
imidiacloprid (5mg/50mg) and imidiacloprid (5mg/50mg)/Melissa extract

1.2 Effects of imidacloprid and Melissa extract on the parameters of membrane
permeability and mitochondrial swelling in the total brain in rats:
1.2.1 Effect of imidacloprid and imidiacloprid/Melissa extract on mitochondrial
swelling:
Results regarding the effect of imidacloprid and the extract on mitochondrial swelling in

the overall brain in the figure.

The results of the mitochondrial swelling assessment are illustrated in the figure, which
shows a very highly significant increase (p<0.001) in the rate of mitochondrial swelling in the
overall brain in the imidiacloprid treated groups (pSOmg) compared to rats witnesses. A very
significant increase (p<0.01) in the rate of mitochondrial swelling is also recorded in the batch

treated with imidiaclprid (pSmg) compared to the control rats. (Figure35)
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Figure35:Variation in mitochondrial swelling of total brain cells in rats treated for 20 days
with imidiacloprid(5mg/50mg) and imdiacloprid(5mg/50mg) / M. extract
1.2.2. Effect of imidacloprid and imidacloprid / Melissa extract on mitochondrial
membrane permeability:
A very highly significant increase (p<0.001) in mitochondrial permeability is recorded
in the overall brain in the batches treated with imidiacloprid (PSmg / 50mg) compared to the

control group (Figure36).
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Figure36: Variation in mitochondrial membrane permeability in the total brain in rats treated

for 20 days with imidiacloprid (5mg / 50mg) and imdiacloprid (Smg / 50mg) / M. extract
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1.3. Effect of imidacloprid and imidacloprid / Melissa extract on biochemical

parameters in the brain in rats:

1.3.1. Effect on protein levels:

Variation in protein content in control rats treated with imidiacloprid and imidiacloprid /

Melissa extract are shown in the figure.

The results presented in the figure show that the protein level of the batches treated with
imidiacloprid (5mg) has increased in a very significant way (p<0,001) compared to the
witness. There is also a very highly significant increase in the batch treated with imidiacloprid
(50mg) (p<0,0001). but the batch treated with imidacloprid (5mg) / Melissa extract, there is
almost no change compared to the controls, We also note that there is a non-significant
increase in the batch treated with imidiacloprid / extra Melissa  compared to

controls.(Figure37)
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Figure37:Variation in protein levels in the brain of control and treated rats after 20 days of
treatment with with imidiacloprid (5mg / 50mg) and imdiacloprid (5mg / 50mg) / M. extract.
1.3.2. Effect on lipid levels:
Variation in lipid content in control rats treated with limidiacloprid and imidiacloprid /

Melissa extract are shown in the figure.

We note that the lipid level in the batches treated with imidiacloprid (5mg) decreased
significantly compared to the control batches (p<0,005), there is also a very highly significant
decrease in the lot treated with imidacloprid (50 mg) (p<0.0001). but after the addition of the
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Melissa extract (the combination imidacloprid / Melissa extract) we notice a very

insignificant increase compared to the control.(Figure38)
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Figure38:Variation in lipids levels in the brain of control and treated rats after 20 days of

treatment with with imidiacloprid (5mg / 50mg) and imdiacloprid (S5mg / 50mg) / M. extract.
1.4. Imidiacloprid induced oxidizing stress: effect protective ofMelissa extract

1.4.1 Effect on the rate of malondialdehyde (MDA):

According to the results presented in the figure, there is a very highly significant
increase (P = 0.000) in the rate of in rats treated with imidiacloprid (50mg) and a highly
significant increase (p<0.001) in rats treated with imidiacloprid (5mg), this increase is

regulated after the addition of the Melissa extract compared to the controls.(Figure39)
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Figure39:Variation in MDA level (umol / mg protein) in the brain of control rats and treated

rats after 20 days with imidacloprid(5mg/50mg) and imidacloprid(5mg/50mg)/M.extract
1.4.2. Effect on GSH level:
The variation in GSH level in the treated and control rats is presented in the figure.
The results obtained show a significant decrease (p<0.005) in the batches treated with
imidiacloprid (5mg) and a very highly significant decrease in the batch treated with

imidiacloprid (50mg) compared to controls.this reduction is neutralized after the addition of

the Melissa extract in a significant manner.(Figure40)
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Figure40: Variation in the level of GSH (umol / mg protein) in the brain of control and treated
rats after 20 days of treatment with imidacloprid(5mg/50mg) and
imidacloprid(5mg/50mg)/M.extract

1.4.3. Effect on variations in GST activity:

The figure shows the variation of the enzymatic activity of GST in the liver in the

control and treated rats.

Our results show a significant increase (p<0.005) in the batch treated with imidiacloprid
(5mg) but there is a highly significant increase in the batch treated with imidiacloprid (50mg)
compared to the controls. On the contrary, during the addition we observe a neutralization

compared to the controls.(Figure41)
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Figure41:GST enzymatic activity in the brains of control and treated rats after 20 days of
treatment with imidacloprid(5mg/50mg) and imidacloprid(5mg/50mg)/M.extract

1.4.4. Effect on GPx activity:

The figure shows the variation in the enzymatic activity of GPx in the brains of control
rats treated with imidiacloprid (5 mg / 50 mg) and the Melissa extract in combination with
imidiacloprid.

Our results show a non-significant decrease compared to the control in rats treated with

imidiacloprid (5mg), but there is a very significant decrease (p<0.005) in rats treated with

imidiacloprid (50mg). this reduction is neutralized after the addition of the Melissa

extract.(Figure42)
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Figure42: GPX enzymatic activity (umol / min / mg protein) in the brain of control and
treated rats after 20 days of treatment with imidacloprid(5mg/50mg) and
imidacloprid(5mg/50mg)/M.extract
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1.4.5. Effect on CAT activity:
Our results show a significant decrease (p<0.005) compared to the control in rats treated
with imidiacloprid (5 mg), but there is a very high significant decrease (p<0.0001) in rats

treated with imidiacloprid (50 mg). this reduction is neutralized after the addition of Melissa

extract.(Figure43)
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Figure43: Variation of the enzymatic activity of catalase in the brain of control and treated
rats for 20 days of treatment with imidacloprid(5mg/50mg) and
imidacloprid(5mg/50mg)/M.extract

1.5. Effect on acetylcholinesterase activity:

A non-significant decrease in the activity of AchE is recorded in the brain in the groups
treated with imidiacloprid (5 mg) and a significant decrease (p<0.005) in the activity of this
enzyme is also observed in the batch. treated with imidiacloprid (50mg) compared all to the
control batch. On the other hand, no significant difference was observed in the rest of the

groups in comparison with the control (Figure44)
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Figure44:Acetylcholinesterase activity in the brain in control and treated rats after 20

days of treatmen with imidacloprid(5mg/50mg) and imidacloprid(5mg/50mg)/M.extract
1.6. Effects of imidacloprid and Melissa extract on neuro-behavioural in rats:

1.6.1. Classic Labyrinth Test:

The results obtained following the examination of this test on animals are illustrated in
the figure. Statistical analysis of these results showed a very highly significant increase
(p<0.001) in arrival time (fig-A) and also a very highly significant increase in exploration
time (fig. 43-B) in batches treated with imidiacloprid (5 / 50mg) when compared to controls.
Also, a significant increase in exploration time was also observed in the batch treated with
imidiacloprid (50 mg) / extract M compared to the controls. Also, an increase but not
significant in exploration time was observed in the batches treated with imidiacloprid (50mg)
/ M extract. There is a significant increase in batches treated with imidiacloprid (5 / 50mg) /

M extract of arrival time compared to controls.(Figure45)
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Figured45: : Variation in classic Labyrinth test in groups of rats treated with imidacloprid
(5mg/50mg) and imidacloprid(5mg/50mg)/ Melissa extract for 20 days. (A): Time of arrival
at the final point in the labyrinth. (B): Time to explore the middle of the labyrinthe

1.6.2. the Vsoc-maze:

The results obtained from the maze vsoc neurobehavioural examination are mentioned

in the table below (table 10)

For the 1st test there is a random movement and an unspecified time spent for all the

lots tested the meaning is not important.

For the 2nd test, the batch treated with the 5 mg dose of pesticide, showing a result in
the 15th day, otherwise the rats treated with a dose of 50 mg of pesticide mentioned them
within 10 days.
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For the 3rd test, the batch with the 5 mg dose of imidacloprid having a behavior
appeared in the 15 th day, but the rats treated with 50 mg, mentioning a highly significant

increase in the outcome within 10 days.

On the other hand, the batch treated with the Smg dose added to a treatment with the
extra melissa records a significant decrease during the whole period of exament, on the other
hand, the differnce was observed on rats treated with the dose of 50mg of pesticide + a dose

of lemon balm within 15 days.

Table08: Represents the time to be explored in the vsoc labyrinth chambers by the rats treated

during the behavioral examination

STAGE1 CT DOSE 5+M
RM 01 115 s 125s 148s
134,75s 123,75s 138s
CcT DOSE 50 DOSE 5+M
244,25s 96s 189,3s
29,25s 199s 100s
CT DOSE 50 DOSE 5+M
33,25s 190,5s 118s
245s 92s 205s

M :Melissa

CT:control

RM:Room
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1.Discussion:

We tried in the present work to evaluate the effects of Imidacloprid on enzymatic and
biochemical parameters in the brain of wistar rats as a biological model, so we looked for
neurotoxic effects at the mitochondrial level, we also interested the protective effect of meliss
against the neurotoxicity induced by Imidacloprid. For a better understanding of the
mechanisms and causes of toxicity, the results obtained are analyzed and discussed based on

several studies.
Under our experimental conditions, the percentage of mortality in rats is zero.
1.1 Effects of Imidacloprid and Meliss on Global Growth Parameters

The results of the evaluation of the weight parameters suggest that the administration of
Imidacloprid causes a significant decrease in the body growth of the different groups of rats.
This reduction can be translated by the disturbance of cellular metabolism under the effect of
the oxidative stress generated by the ROS observed in this study, as well as by other chemical
mediators such as certain proinflammatory cytokines that the organism can release after the
toxic effects. pesticides(Carole and al.,2011 ; Viviana, 2015), who reported a reduction in
food consumption in male rats that occurred with subchronic toxicity. Furthermore, the use of
meliss has shown an improvement in these animal weight parameters. This could be the
consequence of its antioxidant power by normalizing intracellular redox homeostasis and

restoring the psychic state of animals (Cliona and al., 2011 ; Toumi and al., 2016).
1.2. Effects of Imidacloprid and Meliss on Metabolites

Membrane lipids, which are particularly rich in polyunsaturated fatty acids (PUFA),
represent a privileged targandfor radical aggression. The more the fatty acid is rich in double
bonds, the more it is peroxidable, that is to say degradable by an oxidative process harmful to
the cell. Lipids also are the seat of lipid peroxidation. Their oxidation leads to membrane
disorganization with changes in fluidity and permeability (Hiltenbr and al., 1999; Durand
and al., 2013).

Treatment with Imidacloprid at a different dose (5 and 50 mg / kg / D) for 20 days in
rats is induced significant metabolic alterations in the brain by very highly significant
reduction in total lipid content in comparison with the control, this decrease can be stimulated

by free radicals in case of oxidative stress generated by Imidacloprid.

83



Chapter 03 :Discussion

On the other hand, according to the results obtained when using meliss as a
cytoprotective molecule, it turns out to have improved the homeostasis of the biochemical

parameters studied in this present work.

Also increasing protein levels after sub-acute exposure of rats to Imidacloprid translates
the synthesis of enzymes and defense peptides against the homeostatic imbalance of oxidative

stress (Anadn and al., 1991; Benbouzib, 2012; Rouabhi and al., 2015).

On the other hand, according to the results obtained when using meliss as a
cytoprotective molecule, it turns out to have improved the homeostasis of the biochemical

parameters studied in this present work.
1.3. Effects of Imidacloprid and Melissa on oxidative stress parameters

Oxidative stress is one of the main mechanisms of toxicity associated with a variety of
xenobiotics in the environment, among which are pesticides and phytosanitary products

(Lauvverys and al., 2007 ; Lukaszewicz, 2008 ; Michael and al., 2016).

Biochemical and enzymatic parameters in organisms exposed to toxic contaminants
have been used as biomarkers and can be an important diagnostic tool for assessing exposure

and the effects of xenobiotics (Forbes and al., 1997).

1.3.1. Malondialdehyde (MDA)
MDA is the main compound resulting from the formation of various aldehydes toxic to
the organism following the oxidative degradation of polyunsaturated fatty acids in cell

membranes (Maiza and al., 2011).

In this study, treatment with the different doses of Imidacloprid in Wistar rats during
this period results in a very highly significant increase in the level of MDA in the two
experimental batches compared to the control. This experimental finding is entirely in line
with the work done by (Chakroun and al., 2016; Beghoul and al., 2017) who reported an
increase in MDA as an indicator of ROS-mediated lipoperoxidation under the effect of these

pesticides .

1.3.2. Glutathione (GSH)
GSH is a tripeptide well known to be an element of the first line of defense against
stress and therefore considered an essential compound which maintains cell integrity thanks to

its reducing property and its active participation in cell metabolism(Sauer, 2014 ; Aoun and

Tiranti, 2016).
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Some of the important roles of glutathione are the reduction or inactivation of ROS by
the formation of glutathione disulfide (GSSG) and the conjugation of reduced glutathione
(GSH) for the elimination of xenobiotics (Di-Monte and Lavasani, 2002 ; Arora and al.,

2016 ; Rjeibi, 2016).

The results obtained from the evaluation of GSH after the sub-acute exposure of

animals to pesticides, showed a significant decrease in its content in the brain.

1.3.3. Effect on GPx activity

GPx, antioxidant enzymes, are one of the main lines of defense against attacks produced
by free oxygen radicals. The GPx family is subdivided into four subfamilies: the most
abundant in animals is the cellular GPx. Localized mainly in the cytosol, its role is to trap
H202 (whereas the H202 produced in peroxisomes is trapped by catalase located in these
organelles). The membrane GPx (phospholipid hydroperoxide GPx) has a role in the
protection of biomembranes against lipid peroxidation. There is also extracellular (plasma)
GPx and gastrointestinal GPx which also inhibit the production of free radicals (Fournier,

2005).

A very highly significant reduction in GPx levels in rats treated with (5.50 mg / kg /
day) after a 20-day exposure to Imidacloprid.

which confirms the state of oxidative stress induced by these pesticides in the brain
tissue. Same results provided by other work on the impact of pyrethroids and neonicotinoids
on the brain of the animal organism(Halliwell, 2006 ; Chakroun and al., 2016 ; Beghoul
and al., 2017).

1.3.4. Effect on GST activity

Glutathione transferases (GSTs), also known as glutathione S-transferases) are
major phase II detoxification enzymes found primarily in the cytosol. In addition to their role
in catalysis, the conjugation of electrophilic substrates to glutathione (GSH), these enzymes
also perform a range of other functions. They have peroxidase and isomerase activities
(Sheehan and al., 2001). They play an important role in the detoxification of Xenobiotics
(klibandand al., 2009).

The biochemical results of the group treated with Imidacloprid revealed a very highly
significant increase (P<0.01) in the enzymatic activity of glutathione S-transferase (GST),
Generally the increase in the expression of GST is observed when the cell is stressed (Di-

Monte, 1992).
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In addition, GST is also involved in reducing the damage of ROS in different cells. It
represents a family of multifunctional enzymes essentially cytosolic, involved in various
operations of transport and intracellular biosynthesis (Bidlack, 1996 ; Sauer, 2014 ; Di-
Monte and Lavasani, 2002).

1.3.5. Effect on CAT activity
To limit the excessive accumulation of ERO in the body, there are enzymatic and non-

enzymatic defense systems, among the enzymatic systems: the CATwhich destroyH202 in

H20 H20 (Stanley and al., 2011; Lun and Holmgrn, 2013)

The activity of catalase is specifically dependent on the transformation of hydrogen
peroxide into oxygen and water (Federico and al., 2012). It is mainly located in the
peroxisome. It therefore prevents oxidative damage within the peroxisome, and prevents its

spread throughout the rest of the cell (Fleming and al., 1999). Generally,

Imidacloprid alone or in admixture has caused a decrease in catalase activity in the brain. This
observation suggests that these pesticides indirectly induce an increase of H202 in the
mitochondria and the cytosol. Indeed, the decrease in GPx and CAT activities increases H202
and produces a massive amount of ° OH radical via the Fenton reaction (Cory and al., 2005 ;

Banerjee, 2001).
1.4. Effects of Imidacloprid on the activity of acetylcholine esterase

acetylcholine esterase (AChE) is a key enzyme found in the central nervous system and

in the blood.

Neurotransmitters are among the neural molecules that can be affected by stress leading
to neurobehavioral disturbance. Acetylcholine is the only neurotransmitter that acts on
movement control that is not made from an amino acid. The regions of the brain with the
highest density of neurons using choline are those that degenerate into Alzheimer's disease

(Nasuti and al., 2007 ; Songlin and al., 2015).

The results of this study show a significant increase in the activity of AchE in the total

brain in rats exposed to Imidacloprid.

This increase implies a decrease in Ach, reflecting a neurobehavioral variation such as a
reduction in learning efficiency and the potential for memorization. These results are

consistent with several results from other research evaluating the impact of pesticides on
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neurobehavioral performance in the animal organism. (Williams and Kauer, 1997 ; Nasuti

and al., 2007 ; Pernot, 2009 ; Bhutada and al., 2011 ; Valerie and al., 2015).

The use of meliss as a protective molecule against the deleterious effects of pesticides
has significantly improved the redox status in the brain, which confirms its virtues against
oxidative stress by indirectly strengthening cellular oxidizing systems or directly scavenging

ROS.

Mitochondria are essential for the production of cellular energy necessary for the
maintenance of cellular function ubcellular study (Clayton and Doda, 2001 ; David and al.,
2014 ; Lin and Beal, 2006). Mitochondrial damage contributes to a decrease in ATP
production (Cassarino and Bennettjr, 1999; Datta and Kaviraj, 2003). Alterations in one
of the mitochondrial complexes cause the production of free radicals, which leads to
depolarization of the mitochondrial membrane and a subsequent activation of voltage-
dependent receptors, which allows the influx of calcium into the cell and the triggering of the
pathways of cell death (Lin and Beal, 2006; Romero and al., 2012; Rodriguez and al.,
2016). Indeed, the exposure of rats to Imidacloprid pesticides alone or in mixture has shown a
significant increase in the mitochondrial permeability and swelling of the brain. This state of
effects is the result of the action of ROS produced by the pesticides studied. It is well
recognized that calcium overload is responsible for mitochondrial swelling which can cause
the formation of nitric oxide (NO), and allow activating xanthine oxidase in the sense of
generating the superoxide anion which inactivates NADH-dehydrogenase, NADH-oxidase
and ATPase ultimately generating a state of mitochondrial oxidative stress (Zhang and
Darley, 2000). The increase in mitochondrial swelling is due to the disruption of the giant
pores dependent voltages under the effect of ROS causing massive entry of water and ions of
Ca2 + and Na + via the mitochondrial membranes (Romero and al., 2012 ; Morris and

Berk, 2015; Henine and al., 2016; Taib and al., 2016).

Cellular apoptosis is the end result of an attack by ROS, it is characterized
morphologically by a dilation of the endoplasmic reticulum then, after an increase in the
mitochondrial volume and swelling of the cell, there is a rupture of the membranes (Ben-

Haiand, 2014).

1.5. Effects of imidacloprid and Melissa extract on the structural and functional

integrity of the mitochondria

Mitochondria are essential for the production of cellular energy necessary for the

maintenance of cellular function (Clayton and Doda, 2001; David and al., 2014; Lin and
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Beal, 2006).Mitochondrial damage contributes to a decrease in ATP production (Cassarino
and Bennettjr, 1999; Datta and Kaviraj, 2003). Alterations in one of the mitochondrial
complexes cause the production of free radicals, which leads to depolarization of the
mitochondrial membrane and subsequent activation of voltage-gated receptors, which allows
the influx of calcium into the cell and triggering pathways of cell death (Lin and Beal, 2006;
Romero and al., 2012; Rodriguez and al., 2016). Indeed, the exposure of rats to
Imidacloprid pesticides alone or in mixture showed a significant increase in permeability and
mitochondrial swelling in the brain. This state of effects is the result of the action of ROS
produced by the pesticides studied. It is well recognized that calcium overload is responsible
for mitochondrial swelling which can cause the formation of nitrogen monoxide (NO), and
allow activation of xanthine oxidase in the sense of generating the superoxide anion which
inactivates NADH-dehydrogenase, NADH-oxidase and ATPase ultimately generating a state
of mitochondrial oxidative stress (Zhang and Darley, 2000). The increase in mitochondrial
swelling is due to the disturbance of the voltages dependent giant pores under the effect of
ROS causing the massive entry of water and Ca2 + and Na + ions via mitochondrial
membranes (Romero and al., 2012 ; Morris and Berk, 2015; Henine and al., 2016; Taib
and al., 2016). Cellular apoptosis is the final result of an attack by ROS, it is characterized
morphologically by a dilation of the endoplasmic reticulum then, after increase in the
mitochondrial volume and swelling of the cell, there is a rupture of the membranes (Ben-

Haiand , 2014).
1.6. Effects of imidacloprid and Melissa extract on the neuro-behavior of rats

Numerous research reports have shown that exposure to stress has a complex effect on
learning, locomotive activity, memory and mental development (Cazakoff and al., 2010;
Schwabe and al., 2012). A behavioral disturbance was observed following the evaluation of
the various parameters linked to neurobehavioural biology by applying the various tests in
rats exposed to pesticides in order to evaluate their locomotor, emotional, exploratory,
memorization and learning activity. The results of the classic labyrinth test (CL) and Vsoc-
maze test (V) which showed behavioral change such as increased anxiety, fear, nervousness,
short term memory loss, and disability thinking. These due to the gradual increase in
mitochondrial ROS (Shuichi and al., 2012). This result is consistent with the previous results
produced by several studies (Griffith, 1991; Jurgensen and Mouritsen, 2000; Kelley and
al., 2011; Kim and al., 2005; Morris, 1984; Tsai and al., 2010) . In this study, we found
that the immobility time and the Exploration time of the imidiacloprid-treated rats changed

compared to the control rats, demonstrating also a highly significant decrease in locomotor
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activity of these rats. The labyrinth test is one of the most important behavioral models for
assessing anxiety, memorization and learning. The increase in the number of tours, the time of
arrival and the time spent in the midst of the cage are considered to be the most representative
indicators of anxiolytic activity. The increase in arrival time at the end point in the classic
labyrinth test in rats treated with the two insecticides alone or in mixture may be the result of
a loss of tissue mass and therefore of neurodegeneration affecting the areas principles of
memorization and learning by these pesticides (Mani and al., 2014). This neurodegeneration
causes a state of insufficient memory and of learning capacity in rats infected with these
Neurotoxicity of imidiacloprid and the prevention of this toxicity by the extract Melissa in

rats

Toxic. In this device, rats normally prefer to spend less of their time and less number of
rounds. It should be noted that these results are consistent with the results of several previous
works (Walsh and Cumins, 1976; Belzing and Griebel, 2001; Bromley-Brits and al.,
2011). Negative emotions such as anxiety, loss of learning, memory and depression cause an
increased risk of disorders with an inflammatory or necrotic etiology, and increased
inflammatory activity can be an important mediator of emotional relationships under
intoxication by the pesticides studied (Kahloula and al., 2014).

Learning and memory are greatly affected by the stress generated by imidiacloprid.
Acute or chronic stress experiences may be more sensitive to memory deficits than non-
stressful situations. . Furthermore, the results of the test (V) showed that the mixture of
pesticides causes a deficit in the reference memory in rats, revealed by the increase in latency
time and a decrease in the number of entries and the time spent. in the targandquadrant. In the
present study, using the sucrose test to further deepen and discover the psychological changes
in rats after exposure to low doses of imidiacloprid. Analysis of the results of this test
indicated a decrease in learning and memorization in these animals. This result is in
agreement with recent studies on pesticide poisoning (Guedri, 2014; Lahouel and al., 2016;
Guedri and al., 2017). On the other hand, the administration of the extract melisa at a dose of
150 wl / d for 20 days has greatly improved learning disabilities and memory retention.
Recently, the role of the Melissa extract as a neuroprotective has been documented in several
studies (Gindin and al., 1995; Benhammou, 2011; Lahouel and al., 2016; Begoule and al.,
2017). Melissa extract increases acetylcholine production, supports mitochondria in energy
production, prevents oxidative damage, increases brain oxygen consumption, promotes
dopamine synthesis. In general, the virtues of this extract are magnificent, going as far as

repairing damaged neurons (Mona and al, 2014; Gao and al., 2014)
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Conclusion and perspective

Pesticides, toxic chemicals, pose a real public health problem, both for users and for the
population. Pesticides can also be very harmful, and they are suspected of posing a risk to
human  health and the environment by accumulating in  ecosystems.
Neonicotinoids are pesticides for agricultural use widely used by farmers. This present work
presents a bibliographic study,Through this study, based on the evaluation of the oral toxicity
of Imidacloprid at two doses (5 and 50 mg / kg / day) on body weight and nervous system
function in Wistar rats, we have shown that the doses tested, especially the high and medium
doses, have several harmful effects.

Im Imidacloprid tested and result in a significant reduction in physiological parameters
such as body weight, weight gain and an increase in relative brain weights.

% * Imidacloprid tested and lead to a significant reduction in physiological parameters such
as body weight, weight gain and an increase in relative brain weights.

¢ On the other hand, the biochemical parameter is also affected by the different treatments
with a strong disturbance of the different cellular metabolites including proteins and
lipids.

¢ The pesticide Imidacloprid have also caused alterations in the balance of oxidative stress
which results in a disturbance in levels of GSH and MDA, the activity of CAT, GPx,
GST.

¢ Regarding The effect of Imidacloprid on the mitochondria shows a toxic effect through
the induction of mitochondrial permeability and swelling.

¢ The force-feeding of Melissa extract at a dose of 10 mg / kg / day for 20 days to rats
treated with Imidacloprid restored all values to normal, which reflects the protective effect
of the extract on the function of nervous systems.

In perspective, it would be interesting to develop this research from an operational point
of view by deepening know ledge on:

-Investigation of the effect of this dose on the other vital organs

-extend the period of exposure of animals to force-feeding to this insecticide, in order
to know whether the disturbances in the oxidant / antioxidant status observed could lead to the
appearance of pathologies.

-Deepen the study with a histological study aimed at locating the tissue damage caused

by pesticides.
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ANNEXES

ANNEXES

1. Calibration curve for lipid determination

Tubes 1 2 3 4 5 6
Lipid stock solution (ul)) 0 20 40 60 80 100
Ether / chloroform solvent (ul) 100 80 60 40 20 0
SPV reagent (ml) 2.5 2.2 2.5 2.5 2.5 2.5

Table 09: Creation of calibration curve for the determination of lipidsL’equation:

Y=0.0282857+0.0019843X

a2 —

C3

Graphigue de la regression

C3 = 00282857 + 00019843 C2

5 = 0,0096407

R-camé = 58,7 %

R-carmé{ajust) = 58,3 %

&0

70

100

Figure (46). Creation of calibration curve for the determination of lipidsL’equation:

Y=0.0282857+0.0019843X



ANNEXES

2. Calibration curve for protein assay

Tubes 1 2 3 4 5 6
Albumin stock solution | 0 20 40 60 80 100
(ub)
Distilled water (ul) 100 80 60 40 20 0
BBC reagent (ml) 4 4 4 4 4 4
Table (10). Calibration curve for protein assayL’equation: Y=0.135857+0.0083971X
Graphique de la régression
C1 = -0,13585T + 0,0083971 C2
5=0128382 R-camé = 88 2 % R-carré{ajust) = 853 %

08 — -
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04
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0o —
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Figure (47). Calibration curve for protein assayL’equation: Y=0.135857+0.0083971X




ANNEXES

3. Material used in the different stages of the study

Precision balance Centrifuge Water bath Magnetic stirrer

(KERN). (SELECTA. (MEMMERT). (WITEG).

Spectrophotometer
(UV mini 1240, Sand bath Vortex (THERMOS). - Fridge
SHIMADZU).
Figure (48) : materiel of laboratory

test tubes Mortars Glassware
Wash bottle.

Spatula.
Magnetic bar.

Magnetic rod extractor.

End caps.

- Cuvette for

spectrophotometry (plastic

Micront . b
icro-pipettes epindorphic tubes and glass).

Aluminium foil.

100pl and 1000yl Racks for different types Toilandpaper
micropipettes. ftub
Pear. 5 10 tu ZS- st Beakers
. ry glass and plastic
Graduated pipettes. tubes. Erlenmeyers.
Pasteur pipettes. )
- Graduated cylinders.

Figure 49: small laboratory equipment



ANNEXES

4. Chemical material

Distill water

TCA (Trichloro acetique).

Anthrone.

Acide sulfurique.

Acide orthophosphorique (a 85%).
Vanilline.

BBC (Bleu Brillant de Coomassie).
Ether.

Chloroforme.

Ethanol (a 95%).

BSA (Albumine serum de beeuf).
Glucose.

Sodium phosphate dibasique.

SSA (Acide sulfosalicylique).
Sodium phosphate monobasique.
Tris.

HCL

NaOH.

Methanol absolu.

EDTA (Acid ethylene diamine tetracetique).
DTNB (acid 5-5’-dithio-bis-2-nitrobenzoique).
NaCl

TBA

BHT

GSH

CDNB (1-Chloro2, 4 di nitrobenzéne)
H,0,

Phosphate

Calcium Ca™?



