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Abstract

The aim of this study is to investigate the impact of an insecticide (Diflubenzuron, DFB), a
herbicide (Glyphostae, GLY), and a fungicide (Aroxystrobine, AZO) on reproduction, plasma
biochemistry, blood components, organs’ histology and oxidative stress of domestic male
rabbitCuniculus lepus. Adult animals weighting 1700.54 + 113.15 g,were divided into 4
groups; the control,the DFB(sub-groups D1: 250,D2: 500,D3: 750 mg/kg bw), the Gly (sub-
groups D1:200, D2: 300, D3: 400 mg/kg bw), and the AZO (sub-groups D1:100,D2: 200,D3:
300 mg/kg bw),and then administrateddaily for 6 days/week by gavage for four weeks. The
obtained results have shown a significant decrease in the total body weight of groups
treated with the three pesticides, compared to the control. The spermogramme has
indicated a significant decrease in most reproductive parameters (concentration, speed,
motility, and vitality), as well as in the plasma testosterone level of all doses used from the
three pesticides, compared to the control. Plasma cholesterol and triglycerides levels were
increased significantly, in particular in the high doses of DFB and AZO groups, but decreased
in the GLY groups compared to the control, while that of glucose was increased significantly
in the DFB and GLY groups, however it decreased in the AZO groups. There was a significant
decrease in plasma albumin concentration of DFB (D1, D2, and D3), GLY (D2, D3), and AZO
(D3) treated rabbits, accompanied with a significant elevation of plasma creatinine and urea
concentrations in almost the higher doses of DFB, GLY and AZO groups. Concerning the
blood components, red blood cell count was significantly reduced, alongside hemoglobin
concentration in all doses of the three pesticides, whereas those of white blood cell counts
were elevated only in the highest doses. The oxidative stress parameters were affected by
the three pesticides, as indicated by the significant decrease of hepatic (D2, D3) and
testicular (D1, D2, D3) glutathione concentration. The histological study revealed certain
alterations in hepatic tissuesdemonstrated by congestionofportalbloodvessels with inflammation,
and alterations in the testicular seminiferous tubules of rabbits supplied with higher doses of the
different pesticides. In conclusion, DFB, GLY, and AZO supplemented to male rabbits during one
month have distorted most biological parameters, especially with the medium and the
higher doses.

Keywords : Pesticides, Reproduction,- Histology, Cuniculus lepus, oxidative stress, blood.



gadlall

Glie Y e (Oaoniilslall ) odall andl LA Ay e Gl 1 e Caagl)
pall lisSa s La Bl Ay puad) el SN e (G iS5 51) Skl aney (Dl siile)
Gl o) Crand Al dlaall (il )Y 683 mie dpadldl s 2Kl dal ) ddlial ¢ sanslil) dleay)
¢ 250 : 1g) O rbsliall de sane cnlill de ganae (& Gle sane 4 N (113,15 £ 1700.54 )
3z <300 : 2z « 200 : 1z) Slusilall de gana ¢(amall )5 e JS/3de 750 : 3z < 500 : 2z
300 : 3z <200 : 2z « 100 : 1g) Ons iS55V de sanny o(puendl 5 (0 &1S/ade 400 -
Cedal il Al DA g sanl/all 6 2al A e ja Cubel G g(auall ()5 e @JS/ade
4l BN Clagally dleleall e ganall S anall ()55 (8 b sine Lialias) Lggle Joaniall gl
A siall il sy alad) 3K ol e alina A T sine Lialasil miliil) o jelal LS aaLill A sany
araal a2 (st sl (50 8 (sslue B XSy (Asadly AS all de jull (S il
Clsie 8 Lol Bagd LS aalill de gany &5 jlae GADAN Glaga) (e el Cle jall
e senad Ll cle pall G dala dbsale JSG A Bl AEEN G aally Jg i S
¢ LA Ao gany 45 jlie Cilu pilall Cile gana B Cumddd) Loy ¢ g S g Y1 5 (5 1l glaall
& Ll il silal) 5 il slall Cle sana 8 dagale JS5 S glall il glue Candi ) s B
Aallaall il 3 3B e sal) S5 (B (5 sine paliail dllia (IS8 (5 sl 5 V) Cle sana
s oasdild g s s W W( 3z 27 ) (b lusiilall 8 pamddil i ¢ (3z 2z 5 1z ) el
g (B e O Lyl il KU GBS B8 uS (g sine gl L Bnan ((37) Ao ganall
oaddi) a8 caal) ey Galaty Lad g aaLal de ganally 40 )lie ZDE Clanally dalleal) Cile sendll
AN Slaall Gle a asaa (A O sl sl 3 5 Qils ) e gale JS5 o) jeadl aall Gl S 2e
Clapadly Alaleall e ganall (& el ale ) 8 ) clanll aall Gl S 23 adi &l s S
Llie B Slaally dabaall Gle sanall 8 sl dlal) @l jise @iyl G A D)
«(( 3z 2z ) xS Gsbiolall 58 5 (A g siaall (Rl DA e dlh 5l de pendl
e V) oliia) b caliad Al Al 3 Cals gl Al jall Cjelal WS (32 Q2z¢ 1z ) dnadlly
el ale el ) cul Y1 sl dpadll 4 siall anbl) & ol s s ol pa Al 4 gl
Crg S 5 3 il salall 5 (050 3l slall Claae ddlisa) 8 Qliall (8 ddlidal)l Sl (e
fe Aali s o gl ulaall aliee 3 L) phaa) claal 08 aaly el A Agdaall il Y1 5SA
Al ddas siall e jal)
a2 ¢« sansSl lga) (g ¢ ST Ay pdia Cilage dialidal) cilalsl)

Résumé



Le but de cette étude est d'étudier I'impact d'un insecticide (Diflubenzuron, DFB), d'un
herbicide (Glyphostae, GLY) et d'un fongicide (Aroxystrobine, AZO) sur la reproduction, la
biochimie du plasma, les composants sanguins, I'histologie des organes et le stress oxydatif.
du lapin domestique Cuniculus lepus. Les animaux adultes pesant 1 700,54 + 113,15 g ont été
divisés en 4 groupes ; le témoin, le DFB (sous-groupes D1 : 250, D2 : 500, D3 : 750 mg/kg
pc), les Gly (sous-groupes D1 : 200, D2 : 300, D3 : 400 mg/kg pc), et I'AZO (sous-groupes
D1 : 100, D2 : 200, D3 : 300 mg/kg pc), puis administré quotidiennement pendant 6
jours/semaine par gavage pendant quatre semaines. Les résultats obtenus ont montré une
diminution significative du poids corporel total des groupes traités avec les trois pesticides,
par rapport au groupe témoin. Le spermogramme a indiqué une diminution significative de la
plupart des paramétres de reproduction (concentration, vitesse, motilité et vitalité), ainsi que
du taux plasmatique de testostérone de toutes les doses utilisées des trois pesticides, par
rapport au contréle. Les taux plasmatiques de cholestérol et de triglycérides ont augmenté de
maniére significative, en particulier dans les groupes DFB et AZO a fortes doses, mais ont
diminué dans les groupes GLY par rapport au contrble, tandis que ceux du glucose ont
augmenté de maniére significative dans les groupes DFB et GLY, mais ont diminué dans les
groupes DFB et GLY. les groupes AZO. Il y a eu une diminution significative de la
concentration plasmatique d'aloumine chez les lapins traités au DFB (D1, D2 et D3), au GLY
(D2, D3) et a 'AZO (D3), accompagnee d'une élévation significative des concentrations
plasmatiques de créatinine et d'urée dans les concentrations plasmatiques les plus élevées.
doses des groupes DFB, GLY et AZO dans tout les groups traité au pesticide comparé au
temoin. Concernant les composants sanguins, le nombre de globules rouges était
significativement réduit, ainsi que la concentration d'hémoglobine a toutes les doses des trois
pesticides, alors que ceux des globules blancs n'étaient élevés qu'aux doses les plus élevées.
Les parametres du stress oxydatif ont été affectés par les trois pesticides, comme l'indique la
diminution significative de la concentration hépatique (D2, D3) et testiculaire (D1, D2, D3)
de glutathion. L'étude histologique a révéle certaines altérations des tissus hépatiques
démontrées par une congestion des vaisseaux sanguins portes avec inflammation et des
altérations des tubes séminiféres testiculaires de lapins recevant des doses plus élevées des
différents pesticides. En conclusion, les DFB, GLY et AZO supplémentés a des lapins males
pendant un mois du traitement la plupart des paramétres biologiques, notamment aux doses
moyennes et élevées.

Mots clés : Pesticides, Reproduction, Histologie, Cuniculus lepus, stress oxydatif, sang
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Introduction

The development of organic chemistry that began in the1940s, introduced a new era of
synthetic pesticides that became the largest spectrum of industrial chemicals used in modern
society. Today, we count more than 900 active ingredients (Ware & Whitacre, 2004) which
enter in the composition of thousands of pesticides products, mainly used in agriculture; to
control insects, fungi, weeds and other pests. However, even if pesticides’ use is an essential
tool in increasing productivity, enhancing quality, protecting livestock, and fighting vector
diseases; there are now evidences that these products do create risk to man and his
environment. Each year, pesticides contribute to an estimated 26 million human poisonings
and 220,000 deaths worldwide (Pimentel & Pimentel, 2008).

Without pesticides, food production would be lower, and larger cultivated farm areas
cannot produce the same amount of food, which would impact the world food supply and
poison wildlife significantly. More frequent cultivation of the fields would increase soil
loss due to erosion.Without pesticides, agricultural production would decrease, food prices
would rise, farmers would be less competitive in global markets, and countries exports
would drop, leading to many job losses (Delaplane , 2014).

Despite their benefits, pesticides can be hazardous to both humans and the
environment. Because some pesticides can persist in the environment, they can remain
there for years. Environmental contamination or occupational use can expose the general
population to pesticides residues, including physical and biological degradation products
present in the air, water, and food (Mostafalou et al., 2013).

In Algeria, pesticides poisoning came into second position after drugs in the causes of
acute intoxications (Mokrani, 2005). Although chronic effects of pesticides exposure on
human health are less readily identifiable, wealth research conducted in this context (Krieger
et al., 2010; WHO, 2008; MDRGF2008; Sténuit & Van Hammée, 2008; Cox ,2006; Pretty,
2005; Sanborn et al., 2004; Solomon et al., 2000) found a significant association between
pesticides exposure and many health problems includin cancer, neurological damage,
reproductive and developmental disorders, immunotoxicity, endocrine disruption, renal and
cardio-vascular diseases.

The objectives of this study are to evaluate the toxicity of Diflubenzuron (insecticide),
Glyphostae (herbicide), and Aroxystrobine (fungicide) beings widely used by farmers, within
the country, on adult male domestic rabbits Cuniculus lepus, with a focus on their
repro-toxicity, histopathology, and biochemical and physiological disturbances of various
doses (low, medium, and high).

To do so, biological indices have been studied as follows:
2
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The reproductive paremeters represented by sperm concentration, speed, motility, and
vitality, and the plasma testosterone level.

The biochemical and the blood components parameters representing the hepatic, the
renal, the pancreatic, and the bone marrow functions.

The stress oxidative parameters indicating how the stressed main organs cope with the
subchronic toxicity.

The histological study of two important organs of the body, one for detoxification, and
the other for reproduction.



Chapter 1:Literature
review




Chapter 1: Literature review

1 Pesticides historical uses

Farmers may come into contact with a variety of potentially hazardous pesticides, notably
organic phosphorus (OP) compounds (Mostafalou & Abdollahi, 2013a,b). Pesticides are a
substance used to prevent, eradicate, repel, or minimize any kind of pest. They are also capable
of acting as plant regulators and defoliants (USEPA, 2014). Pest control chemicals have long
been utilized. 4500 years ago, Sumerians used sulfur compounds to manage insects and mites.
Pyrethrum, a pesticide made from the dried flowers of Chrysanthemum cineraria folium, has
been used as an insecticide for more than two thousand years. Weeds have been controlled
using salt or sea water. Until the 1940s, inorganic compounds including sodium chlorate and
sulfuric acid, as well as organic chemicals obtained from natural sources, were commonly used
in controlling pests 2010 (Unsworth). Throughout World War Il (1939-1945), pesticide
development raised due to the need to increase food supply and identify potential chemical
warfare agents (Gupta 2007). As a result, synthetic pesticides such as DDT, aldrin, dieldrin,
endrin, parathion, and 2,4- D experienced a significant increase in the 1940s. Pesticide use in
agriculture was regarded as beneficial in the 1950s, and there was no worry about the potential
dangers of these chemicals to the environment and human health (Unsworth, 2010). The target
pests are only reached by less than 1% of the entire amount of pesticides used for weed and
pest management. Spray drift, off-target deposition, run-off, and photodegradation are ways
that a lot of pesticides are lost, and these processes can have a negative impact on specific
species, societies, or the entire ecosystem, in addition to having an adverse effect on people
(Hernéndez et al. 2013). Another important consideration is that low amounts of many
chemicals may not have immediate, observable impacts on organisms, but they may still cause
long-term harm such as genetic defects and physiological changes that shorten life expectancy
(Poletta et al., 2009).

Pesticides can be classified in a variety of ways, notably based on the pests they manage.
Insecticides fight growth of insects or their existence, herbicides combat plants, weeds, and
grasses, rodenticides combat rats and other rodents, avicides combat bird populations,
fungicides tackle fungi, and nematodes (EPA 2004). The worldwide pesticide market can be
categorized according to pesticide type as follows: 42.48% herbicides, 25.57% insecticides,
24.19% fungicides, and 7.76% other kinds of pesticides (Matthews et al., 2008).

Pesticides can be grouped on their chemical structure to Organophosphorus (chlorpyrifos
anddiazinon), carbamates (carbarylandaldicarb), organochlorines (DDT and aldrin), pyrethrins

and pyrethroids (cyfluthrin and cypermethrin), benzoic acids (dicamba), triazines
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(atrazineandsimazine), phenoxyacetic derivatives (2,4- D), dipyridyl derivatives (diquatand
paraquat), glycine derivatives (glyphosate), and dithiocarbamates (manebandziram) molecules
(EPA, 2004). Pesticides with identical chemical structures have equivalent toxicity
mechanisms and physicochemical features, as well as similar fate and transport qualities (Fig
1).

Type Example  Structure Effect on pest

Organochlorines (five or more DDT
chlorine atoms)

Nervous system disruptors leading to convulsions and paralysis of the insect and its eventual death

Lindane

Endosulfan

Aldrin

Organophosphorous Parathion Nervous impulses fail to move across the synapse causing a rapid twitching of voluntary muscles and

hence paralysis and death

Malathion

Diaznon

Inorganic Benomyl 3 Q i Predominantly stomach poisoning

Oxine n- \I \,] -

copper W

Figure 1: Classification of pesticides based on chemical structure (Mariana et al., 2015).
2  The pesticides environmental dynamic

Generally, pesticides generate toxicological and eco-toxicological consequences that can
harm the environment quality (Mamy et al., 2008). It was estimated that during a treatment, 80
to 90% of the used pesticides’ quantities do not reach the aimed pest, they drift towards the
different elements of the environment as that of, which constitutes the direct support of
farming, in addition to water and air that are directly impacted by contact with these molecules,

then indirectly by the surrounding environment that are affected by these phytosanitary

6
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products due to climatic factors; such as rain and percolation, or after evaporation in air
(Bolognesi & Merlo, 2011). As a result, living organisms of the soil, water, and air, are
affected with different ways (Huggenberger et al., 1973) (Fig 2).

-
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Photodécomposition
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.
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Rulssellement
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Retention sur les hypocermique
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Degradation pus
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Figure 2: Process of pesticides’ diffusion in the environment (Atmo, 2017).

3 Routes of pesticide exposure to human

Pesticide exposure can come directly from occupational, agricultural, and home usage,
while they can also be transferred indirectly through diet. Moreover, the general population
may be exposed to pesticides due to their application around major roads, etc. The main routes
of human exposure to pesticides are through the food chain, air, water, soil, flora, and fauna
(Anderson& Meade, 2014). Pesticides penetrate the body of an individual through a variety of
ways: dermal, mouth, eye, and respiratory. As would be generally expected, the danger of
pesticide contamination usually increases by increasing dose periods, in addition to the
chemical structure (Meenakshi et al., 2012) (Fig 3).

3.1 Dermal exposure

Dermal exposure is one of the most common and effective routes through which
pesticide applicators are exposed to pesticides (Anderson & Meade, 2014). Dermal

7
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absorption may occur as a result of a splash, spill, or spray drift, when mixing, loading,
disposing, and/or cleaning of pesticides (Salvatore et al., 2008). Absorption may also
result from exposure to large amounts of residue. Pesticide formulations vary broadly in
physicochemical properties and in their capacity to be absorbed through the skin (Beard et
al., 2014), which can be influenced by the amount and duration of exposure, the presence
of other materials on the skin, temperature and humidity, and the use of personal
protective equipment (Macfarlane et al., 2013).

3.2 Oral exposure

Oral exposure of a pesticide usually arises by accident due to carelessness reasons
(Damalas & Eleftherohorinos, 2011). The most frequent cases of accidental oral exposure
were reported to occur when pesticides were transferred from their original labeled
container to an unlabeled bottle or food container (Gilden et al., 2010). There are many
cases in which people have been poisoned by drinking pesticides kept in soft drink bottles
or after drinking water stored in pesticide-contaminated bottles (USEPA, 2007).

3.3 Eye exposure

The potential for chemical injury is high for tissues of the eye. Some pesticides
were reported to be absorbed by the eyes in sufficient quantities to cause serious or even
fatal illness (Gilden et al., 2010). Granular pesticides pose a particular hazard to the eyes

depending on the size and weight of individual particles (Jaga & Dharmani, 2006).

gerdtal are
11.8

Figure 3: Dermal exposure to pesticide on different parts of the body (MOA, 2015).
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4  Pesticides Metabolism

As part of the requirement for registration, a detailed study is made of the behavior of the
chemical as it is absorbed, transported, changed and excreted. It is important to know if there
is a tendency for a chemical to store or be bound in a particular tissue, because this may be
an indication of where it is acting. Many chemicals are changed by the liver and other organs
into more soluble forms to facilitate excretion. However, for certain chemicals, that
conversion intended as a detoxication mechanism results in a small amount of very reactive
intermediate products that may be carcinogenic. It is necessary to learn whether and to what
extent these kinds of reactions occur. It is also possible that products of these reactions exert
toxic effects of their own, which should be distinguished from the activity of the parent
compound. This is a characteristic of some of the organophosphate insecticides, which are
changed to a more potent form after entering the body (Frank, 2003). The bio-transformation

of pesticides takes place mainly in liver going through three consecutive phases (Fig 4).

Phase 2

. Phasel || conjugate (tansfer) Phase 3
(LT, 200010005 M oo et ™ excrelon
Fnckonal 4P, 4t uncina grouy
dpophle esilipophlc < retlpophi + el o o
omotcharged  +possily eactve sty otreactive by specfic transpot
v notwater soluble  + poorly water soluble  + water soluble products Mmechaniig

+ poorly excretable  + poorly excretable  + excretable
v Catalyzed by P460s  + catalyzed by ransferases

Figure 4: Biotransformation of pesticides (Volodymyr, 2018).
5 Pesticides as Endocrine distruptors

A variety of pesticides, are classified as endocrine disruptors (EDCs), which have been
proven to interfere with the production, release, transport, metabolism, action, or elimination
of hormones that are essential to maintaining homeostasis and regulating process of

development (Bolognesi & Merlo, 2011; Khan & Law, 2005). EDCs in fish may lead male
9
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fish to convert into female fish. Outward symptoms of developmental disturbance include
decreased fertility or even sterility in adults, as well as poorer hatching rates and offspring
survivability (Ewing, 1999; Goodbred et al., 1997). Pesticides, as exogenous hormone
agonists/antagonists, can interfere with endogenous hormone activity. Agonists can bind to
hormone-binding proteins, while antagonists can displace endogenous hormones (Tollefsen,
2002). Some toxicants also disrupt the synthesis of hormone receptors (Scott & Sloman,
2004). The ultimate goal of reproduction is birth, and its success is dependent on both male
and female reproductive systems (Gupta, 2011). Reduced reproductive capability may be one
of the most detrimental impacts of persistent pollutants (e.g., pesticides) emitted by people
(van der Oost et al., 2003). The prevalence of these substances in the environment has
becomes a worldwide problem. Pesticides, as sex hormone antagonists, can disrupt sexual

development and other critical processes (Ewing, 1999; Gupta, 2011).

6 Herbicides

Herbicides, sometimes called «weed killers», are substances that are in charge of destroying
or slowing down the bad herb’s growth, named «weeds». They are distinguished between
each other in terms of their penetration track in vegetables, and in terms of their movement
inside the plant (Cirad, 2000). Acting on different processes of the plants’ development
growth, they disrupt the functionality of:

-The plant’s physiology: the photo synthesis or the membrane permeability;

-The growth, the cellular division, the elongation, etc ;

-The cellular components biosynthesis: lipids, carotenoid pigments, amino acids, etc.
(Batsch, 2011).

Glyphosate is among the most used herbicide in Algeria.

6.1 Glyphosate

Glyphosate (N-[phosphonomethylglycine]glycine), a widely applied non-selective
systemic herbicide, is bit by bit becoming the most controversial pesticide product ever
produced. The molecule has a very simple, still rather unique zwitterionic chemical
structure (Figure 1): unlike most other pesticides it is highly soluble in water and,
depending on the soil properties; it may be very strongly bound to soil matrices
(Acquavella et al., 2004) (Fig 5).

10
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Figure 5: Chemical structure of glyphosate (Tamas &Peter , 2016) .

6.2 Mode of action of Glyphosate

Glyphosate kills the plant by interfering with the biosynthesis of key aromatic amino
acids necessary for development. It inhibits the shikimate pathway enzyme 5-
enolpyruvylshikimate-3-phosphate synthase. The Shikimate path is a metabolic system
found in plants that is involved in the biosynthesis of aromatic amino acids (Gill et al.,
2017). 5-Enolpyruvylshikimate-3-phosphate synthase is responsible for chorismate
biosynthesis. (Williams et al., 2000) Chorismate is an intermediary in the synthesis of
aromatic amino acids (tryptophan, phenylalanine, and tyrosine). Glyphosate is an antagonist
of phosphoenolpyruvate, which is an active substrate for 5-enolpyruvylshikimate-3-
phosphate synthase. Scarcity of the enzyme results in a lack of aromatic amino acids, which
disrupts many metabolic processes in the plant and, as a result, causes the plant to die (Tu et
al., 2001) (Fig 6).

shikimic acid

1

shikimic acid-3-phosphate
EPSP synthase * inhibited by glyphosate

5-enolpyruvyl shikimic acid-3-phosphate

|

chorismic acid

Figure 6: Mechanism of action of Glyphosate (de Maria et al., 2006).
6.3 Physiochemical characteristics of Glyphosate

Physico-chemical characteristics of glyphosate is summarised in table 1.

11
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Table 1: Physiochemical characteristics of glyphosate (Environmental Health Criteria

monograph, 1994).

Usage Glyphosate
Commercial name Glygosate 48%
Chemical name N-(Phosphonomethylglycine)glycine
Chemical formula C3H8NO5P
Molar mass 169.073 g-mol—1
Solubility in water 1.01 g/100 mL (20 °C)
Appearance White gystalline powder

6.4 Glyphosate Metabolism

When glyphosate is consumed or inhaled, three protons that are positively charged are
immediately released, or two protons and one potassium atom in the case of the potassium salt
formulation. We hypothesize that the additional positive charges reduce the pH in the mouth,
stomach, and intestines, resulting in greater acidity and contributing to the metabolic acidosis
seen with glyphosate poisoning. The chyme becomes increasingly acidic in the stomach,
causing overstimulation of the pancreas and raising the pH as it moves from the stomach to
the small intestine. This is most likely owing to the metabolic acidosis described for
significant amounts of glyphosate consumed in suicide attempts (Lee et al., 2000;
Mahendrakar et al., 2014) (Fig 7).

Glyphosate
C-P lyase + HEO// Glyphosate H%ydrogenase <+ OH

. %
Sarcosine + Phosphate AMPA + Glyoxylate
Sarcosineldehydrogenase |

+ OETF , 4+ HO + H + H + 2e
Glycene C-Pllyase =+ H.O

+ Formaldehyde Phosphate + Methylamine

Methylamine dehydrogenase
+ RETF Y virogenase |
+ NH + reduced amicyanin

AMPA = Aminomethylphosphonic acid Formaldehyde

OETF = oxidized electron-transfer flavoprotein H
RETF = reduced electron-transfer flavoprotein + Am monia

Figure 7: Metabolic pathways for glyphosate (Nancy et al., 2016).
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After releasing the three protons, the glyphosate molecule is left with three negative-
charged oxygen atoms that are very reactive. To create stable metallic compounds, they will
selectively bind to any accessible metal, including Zn, Ca, Mg, Cu, Co, Fe, Cr, and Al
(Caetano et al., 2012). This feature has been connected to chronic renal disease among Sri
Lankan agricultural laborers, ultimately led to formaldehyde. In animal tissue, there are no
less than six distinct enzymes able to catalyze the conversion of formaldehyde to formic acid:
aldehyde dehydrogenase, xanthine oxidase, glyceraldehyde-3-phosphate dehydrogenase,
catalase, peroxidase, and aldehyde oxidase (Cooper & Kini, 1962). Formic acid is widely
recognized as a contributor to metabolic acidosis and mitochondrial dysfunction (McMartin,
1980; Kruse, 1992).

6.5 Glyphosate and human health concerns

Academic researchers have found that glyphosates may be: endocrine disruptors.
(Benachour&Seralin,2008; Romano et al., 2010) carcinogenic, (Belle et al, 2007 ; 1ARC,
2015) capable of increasing the risk of spontaneous abortions(Arbuckle, 2001) associated
with congenital malformations,100 and harmful to human nervous systems (Anadon et al.,
2008; Antoniou et al., 2001). Other scientists worry about its toxicity to fetuses (Figure 8).
Antoniou (2011), the International Agency for Research on Cancer the International Agency
for Research on Cancer (IARC) determined that glyphosate was a possible human carcinogen,
based on limited evidence of increased risk of non-Hodgkin lymphoma in humans, sufficient
proof in animals (kidney, pancreas and skin cancers), and evidence of a carcinogenic
mechanism involving genotoxicity and oxidative stress. (Bell et al., 2007; IRAC, 2015).

Epidemiologic study suggests that there is a high correlation between the increasing
use of glyphosates and several human health problems including hypertension, heart attacks,
diabetes, obesity, Alzheimer, senile dementia, Parkinson, multiple sclerosis, autism,
inflammatory diseases of the digestive system, intestinal infections, kidney pathologies, as
well as cancers of the thyroid, liver, bladder, pancreas, kidney and leukemia. (Swanson et al.,
2014). These correlations alone do not prove that glyphosate induces these effects, but another
study confirmed a metabolic pathway explaining the potential role of glyphosate in these

pathologies.
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6.6 Glyphosate as an endocrine disruptor

Glyphosate has been applied in many areas and causes serious pollution to soil and
nearby ecosystems, and eventually increases the risk to human (Williams et al., 2000).
Exposure to glyphosate has been associated with many adverse effects on male reproductive
system in both humans and rodents (de Brito Rodrigues et al., 2016; Williams et al., 2016b).

In mammals, glyphosate could alter sperm characteristics including sperm
production, and even fetal development (Chan & Mahler, 1992; Gasnier et al., 2009).
Glyphosate causes libido and decreases ejaculate volume and sperm concentration in New
Zealand rabbits, possibly due to its direct cytotoxic effect on spermatogenesis or indirectly
on the hypothalamic-pituitary-testicular axis (Richard et al., 2005). The reported male toxic
effects and risk assessment include reduced ejaculate volume, testosterone concentration,
sperm production of the seminiferous epithelium, sperm concentration, sperm morphology,
sperm motility and sperm aberration rate.

However, other researchers have found contradictory results, in which there was no
definitive evidence that glyphosate adversely impact reproductive function (Williams et al.,
2000). Athor reproductive toxicity studies in rodents have not reported any adverse effects,
in which there was no difference in sperm vitality, motility, and sperm concentration, only

an increase of abnormal sperm.

GLYPHOSATE HUMAN TOXICITY
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Figure 8: Glyphosate human toxicity (Samsel & Seneff, 2013).
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7 Insecticides

Insecticides are biocides that are intended for the destruction of insects; in order to
ensure the crop protection. Being widely used in agriculture to eliminate pests, they are also
present in the domestic environment in the form of specialties against lice, veterinary drugs,
household insecticides, gardening products, or even xylo protectors (Testud & Grillet, 2007).
Being considered as neurotoxic products, their actions on the nervous system appear through
blocking the spread of nerve impulses at the level of neurons and synapses, both at the level
of the central and peripheral nervous system (Calvet et al., 2005). Some insecticides act by
disturbing the insect reproduction’s physiology (moulting disruptors), while others inhibit
the chitin production, a major constitutive element of insects’ exoskeleton (Batsch, 2011).

Insecticides canal target larvae and insects’ eggs.

7.1 Diflubenzurone

Diflubenzuron was first registered as a pesticide in 1976. It is an insecticide of
benzoylurea (paterson, 2004), it is used in forest management and on field crops to
selectively control insect pests, particularly boll weevils and gypsy moths. It is widely used
as a larvicide for control of mosquito larvae. Among IGRs, chitin synthesis inhibitors
diflubenzuron (DFB) is widely used against pest insects in forestry. DFB is very potent for
mosquito control (Soltani & Rehimi, 2001; Rehimi, 2004) (Fig 9).

l

Figure 9:Molecular structure of diflubenzuron (Maduenho et al., 2008).
7.2 Physiochemical characteristics of Diflubenzuron

Physico-chemical characteristics are summarised in table 2.
Table 2: Physiochemical characteristics of diflibenzuron (WHO, 1995).
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Usage Deflubenzuron

Common name Diflubenzuron

commercial name Dimilin 25 WP

Chemical name 1-(4-chlorophenyl)-3-(2,6diflubenzoyl)urea
Chemical formula C14H9CLF2NOO2

Molar mass 310.7 g mol-1

Solubility in water 0.08 mg at 25 and at PH 7
Appearance White gystalline and solid

7.3 Mode of action of Diflubenzurone

Diflubenzuron inhibits chitin deposition in arthropods and is effective either as a
stomach or contact insecticide. (Mabury & Crosby, 1996). Chitin is a polymer (repeating
series of connected chemical subunits) of a glucose-based molecule and comprises a
substantial proportion of the exoskeleton (outer-shell) of arthropods. Consequently, the
inhibition of chitin synthesis disrupts the growth and development of pests. (DeCleraq et al.,
1995a;b; Baishya & Hazarika, 1996; Griffith et al., 1996; Wright et al., 1996).

7.4 Diflubenzuron metabolism

Metabolites that are formed in vivo by an animal after diflubenzuron has been
absorbed and metabolites that are formed in the environment through the degradation of
diflubenzuron in environmental media — i.e., soil, air, and water. The in vivo metabolism
of diflubenzuron has been reviewed by WHO (1996, 2001). In the environment as well as
in sheep, eggs, and chickens, the major route of metabolism involves cleavage of the pure
do bridge with the formation of 2,6-difluorobenzoic acid and 4- chlorophenyl urea. The
latter compound is then metabolized to 4-chloroaniline. The formation of 4-chloroaniline
is important to the human health risk assessment because this compound is classified as a
carcinogen. The other pathway for the metabolism of diflubenzuron predominates in rats
and cows and involves hydroxylation rather than cleavage of the ureido bridge.
Hydroxylation of the aromatic rings involves the addition of a hydrogen-oxygen or

hydroxy (OH) group to one of the rings. Hydroxylation increases the water solubility of
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aromatic compounds. Particularly when followed by conjugation with other water-soluble
compounds in the body, such as sugars or amino acids, hydroxylation greatly facilitates
the elimination of the compound in the urine or bile. As detailed further by WHO (2001),
the ureido bridge may also be cleaved in rats but 4-chloroaniline does not appear to be a
major metabolite. No information has been located on the metabolism of diflubenzuron in
humans (Fig 10).
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Figure 10: Metabolism of diflubenzuron (WHO, 1996).
7.5 Diflubenzuron as endocrine disruptor

The endocrine system participates in the control of metabolism and body
composition, growth and development, reproduction, and many of the numerous
physiological adjustments needed to maintain constancy of the internal environment
(homeostasis). The endocrine system consists of endocrine glands, hormones, and
hormone receptors. Endocrine glands are specialized tissues that produce and export
(secrete) hormones to the bloodstream and other tissues. The major endocrine glands in
the body include the adrenal, hypothalamus, pancreas parathyroid, pituitary, thyroid,
ovary, and testis. Hormones are also produced in the gastrointestinal tract, kidney, liver,
and placenta. Hormones are chemicals produced in endocrine glands that bind to hormone
receptors in target tissues. Binding of a hormone to its receptor results in a process known
as post receptor activation which gives rise to a hormone response in the target tissue,
usually an adjustment in metabolism or growth of the target tissue. Examples include the
release of the hormone testosterone from the male testis, or estrogen from the female
ovary, which acts on receptors in various tissues to stimulate growth of sexual organs and
development of male and female sexual characteristics. The target of a hormone can also
be an endocrine gland, in which case, receptor binding may stimulate or inhibit hormone
production and secretion (Dave, 2001).
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Diflubenzuron has been tested for its ability to cause birth defects (i.e., teratogenicity)
as well as its ability to cause reproductive and developmental impairment. Teratogenicity
studies typically entail gavage administration to pregnant rats or rabbits on specific days of
gestation. Two such studies were conducted on diflubenzuron: one in rats (Kavanagh , 1988a)
and one in rabbits (Kavanagh ,1988a).

8 Fungicides

Fungicides are substances that are exclusively designed to eliminate or limitate the
development of fungi. Their effect can be qualified as «preventive» when its action is
located before the parasite’s penetration in the plant tissues, as «curative» when it intervenes
on filaments that are already well installed in the tissues; before the appearance of the first
symptoms, or as «eradicating» when it intervenes on filaments that are already well installed
in the tissues; with the appearance of the disease’s first signs (Azzouz, 2012). The mode of
action can be observed on one single site, or on many targets, by using multi-sites fungicide
(Batsch, 2011). Most of used fungicides have only one site of action to stop or alter the
proper functioning of a reaction; that is necessary for the fungi’s survival, which generates
the death of the cell. However, if these cells mutate at the level of the fungicide’s unique site
of action, the product can become inactive because it will no longer recognize its target,
which results in a pathogenic resistance to fungicide. Multi-sites fungicides are, in this case,
allies of choice since the acquisition of a resistance by the pathogen must go through the

mutation of many targets, a mutation which has not yet arrived (Aprifel, 2004).

8.1 Azoxystrobin

Azoxystrobin operates as a systematic, broad-spectrum fungicide in the methoxy acrylate
category, that originate from strobilurins found in nature. it’s widely used in agriculture in
about 50 countries to protect crops from fungal diseases for rice, wheat, beans, and grape etc.
(Bartlett et al., 2001) (Fig 11).

CN CHL0 OCH,

0
Figure 11:Chemical structure of Azoxystrobin (Tang et al., 2016).
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8.2 Mode of Action of Azoxystrobin

Azoxystrobin and other strobilurins inhibit mitochondrial respiration by blocking electron
transport. They bind at the quinol outer binding site of the cytochrome b-c1 complex, where
ubiquinone (coenzyme Q10) would normally bind when carrying electrons to that protein.
Thus, ATP production is sttopped (Sauter, 1995; Wong &Wilcox, 2001) (Fig 12).
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Figure 12:Mode of action of azoxystrobilin in membrane of mitochondron (Wood &
Hollomon, 2003).

8.3 Physiochemical characteristics of Azoxystrobin

Physico-chemical characteristics ofare summarised in table 3.

Table 3: Physiochemical characteristics of azoxystrobin. (Pesticide list,2003).

Usage Azoxystrobin
commercial Azoxystrobin
name
Chemical name Methyl (E)-2-{2-[6-(2-cyanophenoxy) pyrimidin-4-yloxy]

phenyl}-3-methoxyacrylate

Chemical C22H17N305
formula
Molar mass 403.4 g/mol
Solubility in 6.7 mg/l (20 °C)
water
Appearance White crystalline solid
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8.4 Azoxystrobin Metabolism

The proposed metabolic pathway for azoxystrobin in goats and hens (poultry) is

shown in Figurel3. The extensive metabolism of azoxystrobin in the lactating goat

includes to following proposed mechanisms:

Cleavage of the ether linkage between the phenyl acrylate ring and the pyrimidinyl
ring to give Compound 28.

Cleavage of the ether linkage between the cyanophenyl ring and the pyrimidinyl ring
to give Compounds 13 and 3.

Hydrolysis of the ester group or oxidative o-dealkylation to give Compound 2, which
is further metabolized by cleavage of the ether linkage between the cyanophenyl ring
and the pyrimidinyl ring to give Compound 10 (Compound 10 could also result from
0- demethylation of Compound 3, and Compound 2 also undergoes o-demethylation
to give Compound 20).

Hydroxylation of the phenyl acrylate ring (hydroxyl position undetermined) to give
Compound L1, followed by conjugation with glucuronic acid to give asolubel

compound (Fig 13).

Figure 13:Proposed metabolic pathway of azoxystrobin in goats (g) and poultry (p).
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1

Biological Materials

In this study, male domestic rabbits Cuniculus lepus were obtained in April from Annaba

region, with an age ranging from 06 to 07 months, their average weight was 1700,54

+113.15 g. Animals were reared in the breeding house of the biology department inside

metallic cages with dimensions of 53x60x50cm in natural conditions of temperature,

humidity, ventilation and photpperiod. Animals were fed on a mixture consisting of

wheat, corn, barley, as well as fresh green plants, and supplied with water on a daily and

regular basis. Animals were left for 15 days to cope with experimental conditions.

2

Pesticide administrations

Pesticide were supplied to animals in the morning by gavage a rate of 1 ml/rabbit/6
days/week during 4 weeks, and the control group was also placed in the same
experimental conditions (Fig 13). Male rabbits were divided as follows:

2.1 Treatment with Diflubenzuron insecticide

Group 1: It was used as a control group (n=5) (C).

Group 2: It comprised of three equal sub-groups of 5 animals each, that received
three different doses of DFB by gavage (D1: 250 mg/kg body weight, D2: 500 mg/kg
b.w, and D3: 750 mg/Kg b.w).

2.2 Treatment with Glyphosate herbicide

Group 1: It was used as a control group (n=5) (C).

(C) Group 2: It consisted of three equal sub-groups of 5 animals each, that received
three different doses ofGLYby gavage (D1: 200 mg Gly/kg b.w., D2: 300 mgGly/kg
b.w., and D3: 400 mg Gly/Kg b.w).

2.3 Treatment with Azoxystrobin fungicide

Group 1: It was used as a control group (n=5) (C).

(C) Group 2: It consisted of three equal sub-groups of 5 animals each, that received
three different doses of AZO by gavage (D1: 100 mg AZO/kg b.w., D2: 200 mg
AZO/kg b.w, and D3: 300 mg AZO/Kg b.w.) (Fig 14).
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Figure 14: The experimental protocol scheme.

23



Chapter 2: Materials and methods

3 Samples collection
3.1 Blood

Blood was obtained immediately after the sacrifice and it divided into different test
tubes as the following:
Tubes containing EDTA: A fraction of blood was used for blood analysis; the other
fraction was centrifuged at3000 rpm for 15 minutes, in which the plasma was frozen at
-20°C in order to be used in the biochemical analysis.
Dry tubes: Serum was obtained from this fraction to estimate the concentration of
testosterone.

3.2 Organs’ collection

After sacrifice, the animals dissection was carried out to remove the liver,
testicles, and the epididymis; which then weighed, and portions of the liver and
testicles were kept inside aluminum paper and placed in the freezer (-23 °C) in order to
estimate glutathione level, and the other portions of the liver, and the right testicules

were placed in the alcohol-based Bouin solution for the histological study.

3.3 Sampling of sperm liquid

An incision was made at the level of the epididymis’ head zone, and a white
milky fluid which is the epididymis seminal fluid was released, where a drop of 0.1 pl
of semen was taken and placed in 49 pl of the physiological liquid NaCl (0.9%), in
order to study some biological indicators of sperm; concentration, velocity, movement

ratio, percentage of sperm vitality.
4  Estimation of reproductive parameters
Biological parameters were obtained by carrying out a spermogramme according to
OMS (1993).

4.1 Sperm concentration

In order to inhibit animal movement, 50g of sodium carbonate were dissolved
in 250 ml distilled water, and then 20 ml of the solution was taken, and 20 ml of 30%
concentration formol was added, then 49 pul of the mixture were taken, and 0.1 pl of

semen were added, then dropped into the Mallassez cell and covered with a lamella.
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— The number of sperm was counted in 05 fields (05 large squares) in x400

magnification.
The concentration of sperm is estimated by the following correlation: N/(nxvxd) = (ml/610x
spz) C.

C: The concentration of sperm

S: Sperm

D: Mitigation factor= 50

V: The size of the Mallassez cell

n: The number of sperm calculated in 05 large squares of the Mallassez cell

N: Number of squares = 100 squares.

4.2 The estimation of sperm movement ratio (mcm/s)

a drop of sperm was added to the Nageotte slide and then covered with a coverslip.
The observation was done by light microscope at x100 and x400 x magnification.
The Nageotte slide has parallel horizontal lines with a distance of 0.5 micrometer
between each parallel line. The principle of this process is to estimate the time at which
a sperm will cross two parallel lines successively, using a Chronometer, and then the
speed was calculated according to the following correlation = Sp = S/ T(mcm/s).
Sp: Speed (Mcm/s).
D: Distance between two parallel lines (micrometer).
T: Time (second). The crossing time of at least 10 sperm was calculated, and then the

average spee peed was estimated.

4.3 Sperm percentage estimation.

The principle of this experiment was that normal healthy cells do not allow the
passage of biological colorant (Eosine at a 1%), unlike dead cells which allows the colorant

to cross the plasma membrane.

a-The method of detection: A drop of sperm was placed in a normal slide and a drop
of Eosine was added. After mixing the sample, which can spread out over the entire
surface of the slice, left until drying and then placed on top of a screen, observed at

x100 and then x400, and then the ratio of live sperm to dead was calculated.
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b-TEST- HOS(Test hypo-osmotic) :This test was based on the study of the extent to
which the sperm plasma membrane is resistant to low osmotic pressure, this
environment is causing morphological changes at the level of sperm flagellum (Fig 15).
The solution used:

Exactly 0.735 g sodium citrates (Nas C6H507, 2H.0) and 1,351 g fructose
were dissolved in 100 ml distilled water, and then they were frozen at (-20°C).

After thawing, the solution was well shaken before use.
Operation mode :

1ml solution was placed into the eppendorf tube for 50 minutes in the incubator at
37°C.

After that, 0.1 ml of sperm was added, and mixed well, and then left in the
incubator below 37°C for 30 min.

The observations with the light microscope at 100x100, then at 400x400
magnification were realized.

The proportion of sperm that showed formal changes in the level of flagellum (live
coal) and normal sperm (dead) was calculated (OMS, 1993; Jeyendran et al., 1984).
Observed changes

N: There is no formal change

A: Little change at the flagellum level

B: A significant change at the level of the flagellum

C: Assignificant change to flagellum level

— \ Y ) \ﬂ_l

N B c

N: absence of formal change; A: little change in flagellum level; B: a significant change in
the flagellum level; C: a significant change in flagellum level.

Figure 15:Diagram showing the formal changes of sperm under low osmotic pressure (OMS,
1993).
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4.4 Estimation of serum testosterone
4.4.1 The principle
The concentration of testosterone was calibrated by a technique that involves the use of
the Test vidas, which allows the estimation of serum testosterone by using the ELISA
method, whereby the calibration was based on the combination of the immune enzyme
method eventually supported by the estimation of the amount of light radiation of the
complex (Antigen generator -antibody) that is proportional to the concentration of
testosterone (litwak, 1992).

4.4.2 The substances used

Quantity Symbol Compounds
Plate

1x12x8 Fragile Separation strips

MTP . . .
ml Anti-testosterone antigen generator for mice
serum
Operational accompaniment enzymes
1x25 ml ENZCONJ containing testosterone associated with HRP,
fixatives

Operational G-a calibrator
0; 0.02; 0.5; 1.0; 2.0; 6.0; 16 nano/ml
containing testosterone hormone, human
serum, fixative

1x7x1 ml CALA-G

CONTROL 1 + Operatlo_ngl witness 1+2
2x1 ml 5 containing testosterone hormone, human
serum, fixatives

Operational base solution TMB

1x12 mi TMB SUBS containing, TMB, Tampon, fixatives.
An operational TMB suspensive solution :1m
1x12 ml TMB STOP H2S04.
1x100 ml WASHBUFCONC A concentrated washing Solution for (x10)
2% FOIL Adhesive paper

27




Chapter 2: Materials and methods

4.4.3 Operating principle

e Lay 25 pl of the standard, the control, and samples at the designated rooms in the
plate.

e Lay 200 pl of associated enzymes in all rooms.

o Cover the plate with adhesive paper, then mix well for 10 seconds.
Incubate the samples in the incubator for 60 minutes, at (18-25°C).

e Removal of the adhesive paper, pull out of the used solution in the
incubator, wash the plate 3x with 300 ml diluted solution, and then
distillate the plate by inverting it over absorbent papers.

Lay 100 ul of TMB solution in each room.

The plate was placed in the incubator below a temperature (18-25°C).

We stop the TMB reaction by placing 10 ul of TMB inhibitor solution, in each room, the
contents are briefly mixed by shaking delicately the plate. Then the color will be changed
from blue to yellow.

10 minutes after laying a TMB suspense solution, the reading should take place along the
wave 450 nm (600-650 nm).

4.4.4 Reading results

The contents were briefly mixed by shaking gently a plate. Then the color was

changed from blue to yellow.
Optical density (OD) was drawn; the concentration of samples was read from the

standard curve.
Sample results were multiplied by the dilution factor, as follows:

Testosterone (nano g/mole) x3.47= nano mole/L.

5 Estimation of blood components

The study was conducted by an automated counting device called Erma Inc., a
device that calculates cell electrical frequencies and is able to give 18 blood component

indicators for this study.

6 Estimation of plasma parameters
6.1 Estimation of plasma glucose

28


https://fr.wiktionary.org/wiki/%CE%BCl
https://fr.wiktionary.org/wiki/%CE%BCl
https://fr.wiktionary.org/wiki/%CE%BCl
https://fr.wiktionary.org/wiki/%CE%BCl

Chapter 2: Materials and methods

Glucose concentration in plasma blood was estimated by the enzymatic method
(Trinder,1969; Kaplan, 1984a).

6.1.1 Principle

Glucose was oxidized by the Glucose oxydase (GOD) enzyme to provide gluconic
and hydrogen peroxide (H202).The product H202 reacts to the peroxydase (Pod)
enzyme with the presence of 4-aminophenazone.

A pink-colored Quinoneimine compound produces the amount of this compound that is
proportional to the amount of glucose (Spain).

£ — D — glucose ~Ca-H20 CGODyide gluconigue ~ H2O

HO Quingméimene + H202

Phénal — 4 — Aminophéna-one ™"
2 1+ P

6.1.2 The detector used:

The first detector Tris pH 7,4 92
Phénol Mmol/L
0.3
Mmol/L
The second Glucose oxydase (GOD) 15000 Mmol/L
detector(enzymes) Peroxydase (POD) 1000 Mmol/L
4-Aminophenazone (4-AP) 2.6 Mmol/L
The standard solution Glucose 100
mg/dL

6.1.3 Preparation method

The content of the detector bottle 2 should be dissolved into detector 1, the
resulting solution is the one we use to calibrate the glucose and remains for a month at

(2°C-8°C) as well as 7 days at the laboratory temperature.

6.1.4 Calibration method

o Detector solution (white).
e Sample: Plasma blood
o Standard solution: 1g/L glucose

These solutions were placed in the tubes in the following manner:
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White Standard Sample
The standard - 10 pL -
The sample - - 10 uL
The detector 1ml 1ml 1ml

The tubes were well shacked, then left for 30 minutes at the laboratory
temperature.

The light intensity of the samples versus white along the light wave 505nm
(409- 505nm) was estimated using a spectroscope.
Glucose concentration was calculated by the following correlation:
(2=n)n x(for light sample density)/(for standard light density)= glucose concentration (g/l).

6.2 Estimation of plasma cholesterol

Cholesterol concentration wa0s estimated by colorful enzyme method (Trinder,  1969)

6.2.1 The principle

The concentration of cholesterol was calculated after the enzyme rehydration and
then oxidized by cholesterol oxydase, the H2O2compound then was formed, The latter
was converted by the Peroxyted’s hydrogené enzyme into quinoneimine, which takes
pink color, the amount of this compound is proportional to the amount of cholesterol.
Enzyme reactions are performed according to the following equations Kit Spinreact
(Spain):

Esters de cholesterol +H20 cholestérol estérase Cholesterol + Acide gras
Cholesterol + Q2 Cholestéroloxydase  Chglest - 4 - en - 3 - one + H202
2H202 + Phenol + 4 - Aminophenazone P°°  + 4H202

6.2.2 The detectors used

Detector 1 PIPES pH 6,9 90 Mmol/L
Phenol 26 Mmol/L
Detector 2 Cholesterol estérase (CHE) 1250 U/ L
nzymes Cholesterol oxydase (CHOD) 300U /L
Peroxydase (POD) 300U /L
4-Aminophénazone (4-AP) 034
Mmol/L
Standard Cholesterol 2g/L
solution
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6.2.3 Calibration method

o Detector solution (white).
Plasma blood sample- the standard solution (2g/L).

White Standard Sample
Standard - 10 pL -
Sample |- - 10 pL
Detector 1ml 1ml 1 ml

The tubes must be shaked for 10 minutes at the lab temperature.
After 10 minutes, the light density of the samples is read versus the white along a
505nm (500-505nm) light wave using the spectroscope.
The concentration is calculated with the following correlation:
Cholesterol concentration (g/l) = (the sample light density)/(the standard light density)
xn(n =2).

6.3 Estimation of plasma triglycerides
6.3.1 The detector used

Concentration is estimated according to the following mteractions:

Lipoprosane hipaze

Triglycerides glycerol + acide gras

i 3 hcseliae Me—
Glycérol — ATP £ MeL  glycerol - 3 - Phosphate — ADP

Glycerol - 3 - phosphate + 02 Glycérol - 3 - Phosphate oxydase

H202 — dihydroyeetone -P H202 + amino - antipyrin — chlogo - 4 - phénol

prevdzie Cnypomeimene rose + H202

First detector Tompon pipes pH 7,5 p-Chlorophenol 5 Mmol/L
2 Mmol/L
Second Lipoproteine lipase (LPL) 150000 U/L
detector Glycerol kinase (GK) Glycerol-3 oxydase 800 U/L
(GPO) 4000 Mmol/L
Peroxydase (POD) 400 U/L
4-Aminophenazone(4-AP) 037 Mmol/L
ATP 033 Mmol/L
Standard triglycerides 2g/L
solution
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6.3.2 Preparation method

The content of the detector bottle 2 must be dissolved in detector 1, the solution
obtained is used to estimate the concentration of Triglyceride; among its properties is
that it remains stable for 60 weeks at ( 2°C-8°C) or for one week at the laboratory
temperature.

6.3.3 Calibration method

eDetector solution (white)
«Specimen: Plasma blood standard solution
We spill these solutions into the tubes in the following way:

White Standard Sample
Standard - 10 pL -
Sample - - 10 pL
Detector 1ml 1ml 1ml

e The tubes was shacked and left for 10 minutes in the lab temperature.
e Then the light density of the samples was read versus the blanc in the spectroscope
device along a light wave 505 nm (490-505 nm).
6.3.4 Concentration calculation method
Glycerates concentration (g/L) =(Sample density light/ Standard density light)n(nx = 2
6.4 6.3. Estimation of plasma total proteins
This study was conducted through Kit spinreact, Spain (Biuret et al., 1974) .
6.4.1 The principle
This method relies on the reaction of proteins' peptide bonds to the copper peculiarities
in the middle of a core and the formation of purple-colored complex that is sensitive to
the intensity of their color density.
Proteins + Cu*?PHalalin ¢y _ protein complex

6.4.2 The used detectors

Detector 1 Piore Sodium iodique Na-K-trtrate 100 Mmol/L
detector Potassium iodique 15 Mmol/L
copper sulfate 5 Mmol/L
19 Mmol/L
Detector 2 Sodium iodique 10 Mmol/L
White Na-K-trtrate 16 Mmol/L
The standard Protein 60 g/L
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6.4.3

Calibration method

We spill these solutions into the tubes in the following way:

White Standard Sample
Distilled water 0.02 ml - -
standard - 0.02ml -
Sample - - 0.02ml
detector 1ml 1ml 1ml

The tube was well shacked and left in a bathroom with a temperature of 37°C. For

15 minutes. The concentration of samples was read against white at 540 nm.

(6=n)n x(light-density sample)/(light Photodensity) = protein concentration (g/l).

6.5 Estimation of plasma Albumin
6.5.1 The detectors used

Succinate buffer, Ph 4.20 87 mmol/L
The .
detect Green bromocresol Brige | 0.2 mmol/L
etector 35 7.35 mmol/L
Sample Bovine albumin 5 g/dl
6.5.2 The titration method
white Standard samples
Standard (ml) 5 5 5
Sample (mclL) - 20 -
Detector (ml) - - 20

6.5.3

Estimation of plasma urea

The urea concentration was estimated according to the enzymatic colorimetric
method (Kit spinreact, Spain) as the following interactions:

Lres

Urea + H20 —— (NH4"2 +CO2

Mirooruzside

NH4  + Salicylate + NaCLO
The Indophenol takes the green color, and the colorimetric density was directly

proportional to the concentration ratio (Kaplan, 1984b).
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6.5.4 The used detectors

The detector 1 Phosphate pH 6, 7 EDTA 50 mmol/L
Sodium salicylate 02 mmol/L
Sodium nitroprusside 400 mmol/L

Buffer 10 mmol/L

The detector 2 Sodium hypochlorite (NaClO) 140 mmol/L

NaClO Sodium hydroxide 150 mmol/L

The detector 3 Urease 3000 unity/L

(Enzymes)

Standard solution Aqueous urea 50 mg/dL

The detector 3 dissolved in the reagent 1, and then mixed well.

6.5.5 The preparation method

White Standard Sample
Standard (ml) 1.00 1.00 1.00
sample (mcl) - 10 -
detector (mclL) - - 10

The mixture is well mixed, and then was put it in the incubator for 10 minutes at a
temperature of 15 to 20 °C.

white Standard sample

standard 2 (ml) 1.0 1.0 1.0

The mixture was mixed,and thenit was put it in the incubator at a temperature of 15-25°C
for 30 min.
The optical density of the titer was read versus the white at 580 nm.

The Urea concentration was calculated according to the following equation:

thd eptical densizy of the rampia

“The Urea concentration (mgdl) = —— opeieal denniiy af the titer Xnn=
6.6 6.6. Estimation of plasma creatinine
6.6.1 The detectors used
Detector 1 Picric acid 17.5 mmol/L
Detector 2 Sodium hydroxide 0.29 mmol/L
Detector 3 Creatinine 2 mg/L
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The detector 1 content is mixed with the reagent 2. The resulted reagent remains steady

for 10 days in the laboratory’s temperature.

6.6.2 The titration method

White Standard Sample
Standard (ml) 1.0 1.0 1.0
Sample (mclL) - 100 -
Detector (mclL) - - 100

The tube was mixed, and then left for 30 seconds, after that the optical density

Al was obtained. After 80 seconds, the optical density of A2 was obtained.

Al sompls—AA che whits
AA cher cicer —AA che wkics

The creatinine concentration (mg/dl) = Xn(n=2)

XA=A2-A1

6.7 Estimation of hepatic and testicular GSH
6.7.1 The principle:
The glutathione concentration was estimated by the Weckbeker & Cory method
(1988), to measure the optical density of 2-Nitro-5-marcapturique resulting from the
reduction of dithio-bis-2-nitrobenresque-’5.5 by SH aggregates-) for glutathione and

for the removal of proteins from a mixture, and maintenance of sulfosalicylique.

6.7.2 Preparation method:

Structured solution (C4H11NO3) tris 0.4 mol, contains 0.02 mol of EDTA:
Dissolution of 4.84569g of tris + 0.74444 g of EDTA in 100 ml distilled water, and then
adjusting pH at 9.6 by adding HCI or NaOH.

EDTA solution (002, mol): dissolution of 1.8714 g of powder in 250 ml distilled water.
Sulfosalicylique solution (0.25g) solution: dissolution of 0.25g of powder in 100 ml
distilled water.

DNTB solution (0.01 mol): dissolution of 99 mg of powder in 25 ml of distilled water.
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6.7.3 Calibration method:

Preparation of the sample mixture
200 mg of tissue (liver, testis) was taken and placed in a test tube and 0.02 mol
of EDTA was added, and then homogenized for 3 minutes for liver and 5 minutes for
testicle. Tubes containing the samples were placed in an ice-filled container to avoid
overheating. The obtained texture was centrifuged at 5000 rpm for 15 min.
The resulting (floating) extract was used to measure the concentration of protein and
glutathione.

6.8 Estimation of protein in the tissue:

The concentration of total proteins was measured according to the Bradford
method (1976), which uses Brilliant Blue Coomassie (BBC) as a detector by the
following stages:

e Add 5 ml of BBC to 0.05 ml of floating extract and mix well;
o After 5 minutes, the light density was read under a 595 nm for the white solution
containing distilled water in place of the extract;

o Estimate the concentration of proteins in samples based on the standard curve.

6.8.1 The standard curve preparation:

e Asolution of bovine serum albumin BSA (1 mg/ml)wasprepared using
distilled water.

« Different concentrations of this solution were used (20, 40, 60, 80, 100 uL).
The volume in each tube was completed to 100 uL with distilled water.

e 4 mlof BBC blue Coomassie was added to all tubes.

e Tubes were well mixed.

e The light intensity of these solutions was read at 595 nm versus a white that

contains 100 uL of distilled water + 4 ml of a Coomassie blue solution.

6.8.2 Method of protein removal

«0.8 ml of sample was added to 0,2 ml Sulfosalicylic acid (0.25%), mix well and
then leave it for 15 minutes in the freezer, place the sample in the centrifuge at
1000 rpm for 05 minutes.

«The resulting (floating) extract is used to measure glutathione concentration.
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«0,5 ml of floating solution is taken, and 1 ml of Tris (0.4 mol), containing 0.02
mol of EDTA (PH=6), is added to a mixture of 0.025 ml DTNB solution (0.01
mol) dissolved in methanol. Leave this mixture for 05 minutes at room
temperature for interaction and color stability.

eThe light intensity of the samples is read at 412 nano versus a white solution
containing distilled water.

6.8.3 How to calculate concentration:

1,525 X 1 x DO
protéine mg/0.5 % 0.8 x 13100

Where:

= (protéine mg/nm)GSH

Do: the light density of the sample.

1: Total volume used to remove proteins (0.2+0.8).

1.525: Volume of used solutions + floating solution
(0.5+1+0.025). 13100: The absorption constant of SH
aggregates at 412 nano-mole.

0.8: The volume of the mixture used.

0.5: The volume of the solution floating from the mixture.

7  Histological study

The study was carried out for both the liver and testicle at Pathological

Anatomy Laboratory in the Hospital of 1bn Rochd, through the method of (Martodja &
Martodja, 1967; GABE, 1968). Portions of testicle and liver were saved in Bouin solution
in order to preserve the tissue from damage (keep the shape as close as possible to the
normal condition) and also to facilitate the procedure of the segmentation.

7.1 Preparation of Bouin solution
Formol 26 ml, acetic acid 7 ml, 1% concentration of Picric acid solution. 45 mL (1g of
picric powder+ 99 mL of 95° alcohol).

7.2 Histological processes

The process of removing water and storage in the paraffin was used by an automatic

device which allows samples to pass through 07 consecutive baths: 03 baths of ethanol
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with upward concentrations (70 90-100), 2 bath of Xylene and 2 baths of paraffin for 24

hours.

Samples were placed in templates known as Barres de Leukrat 5 micrometer segments

are realized using a microtome Reiechert-2030Jung type.

The sections from the slides are labeled with a 0.2% gelatinous water strip.

The slides were set on a heated plate and then dry at 70°C for 1 or 2 minutes.

Before coloring, the paraffin is removed by passing through two 10-minute Xylene bath,

then two 10-minute ethanol baths

The  labyrinth of samples IS restored on a
water bath

Hematoxyline for 10 minutes.

Wash with water.

The slides immersion in the Eosin solution at 2 % concentration for 5 minutes.
Wash again by water.

Set the slides in a bathroom of alcohol for 1 minute.

To outline the segment, place the slides in two pesticides bath for two minutes.
Finally, the sections were placed between a slide and a jacket, examined under the

microscope by magnifying (x10) and then (x40), and then taken directly.

7.3 Statistical study

The results obtained in figures and tables were presented as average + standard

deviation (£ SD).

Statistical analysis of results was carried out by loading single-parameter variance AVI

to compare all sub-groups with the control. Student t-test was also appliedby using 13-
Minitab.
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1. Total body weight

Results are shown in fig 15. Total body weight of Diflubenzuron DFB treated
rabbits was significantly lower in the three doses (p<0.05) after 2 weeks, while there
was a significant decrease of totals body weightat 500mg /kg in the third weeks of
treatment, whereas the highest dose caused significant decrease in the fourth
weekscompared to the control.

Concerningthe result of glyphosate,there was significant decrease in the medium
and the high doses compared to the control. In the second and the third weeks, total
body weight was decreased with all doses in comparison to the control. Contrary, a
considerable reduction of total body weight with the dose 400mg /kg in the fourth
weeks was recorded.

In the groups treated with azoxystrobin, results indicated that no effect of on total
body weight during the first and the second weeks, but there was a significant
variation after the third week of treatment with the medium and the high doses. Within
the past week, a significant decrease with doses 200mg/kg and 300mg/kg (p<0. 05)
was recorded, while the highest dose caused a significant reduction (fig 16).
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Figure 16: Variation of total body weight during the period of treatment of male rabbits (X
1SD, n =5).
40



Chapter 03: Results

2. Reproductive parameters

2.1 Sperm Concentration
The effects of Diflubenzuron on sperms concentration of the male rabbits are presented
in figure (17).

Results showed a significant reduction in sperm count of rabbits exposed to three
different doses (250mg/kg, 500mg /kg and 750mg/kg when compared to control, in
which sperms counts were decreased with the increasing dose.

Similarly, results of glyphosate indicated a significant decrease in sperm
concentration in the three doses when compared to the control group, in which sperms
counts were reduced with the increasing dose.

Concerning azoxystrobin, results indicated no significant variation in sperms
concentration of male rabbits at low dose (100mg/kg), but there was a significant
decrease in medium and high dose compared to the control.
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Figure 17:Effect of pesticides on sperms counts (x106/ml) in male rabbits (X+SD, n = 5)
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2.2 Sperms motility

Resultsindicated that sperm motility was decreased in groups receiving DFB at
various concentrations (250 mg/kg, 500 mg/kg and 750 mg/kg) compared to the control
(Fig 17).

Concerning the progressive sperm motility, glyphosate has decreased it with
increasing doses compared to the control (Fig 18).

Azoxystrobin had a significant decrease on sperm motility at all doses after one
month of treatment compared to control.
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Figure 18:Effect of pesticides on sperms motility (%) of male rabbits (XSD, n = 5).
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2.3 Sperm speed

Results reported in figure 19 showed that sperms speed was decreased in groups
receiving DFB at all doses (250 mg/kg, 500 mg/kg and 750 mg/Kkg).

In groups treated of glyphosate, results indicated a significant decrease in sperm

speed with the three doses.

Azoxystrobin had no significant effect at low dose, but the other doses had

caused a significant reduction after one month of treatment (Fig 19).
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Figure 19:Effect of pesticides on sperms speed (um/s) of male rabbits (X+SD, n = 5).
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2.4 Sperm viability

The percentage of alive sperms decreased significantly in all three groups treated
with the three doses of diflubenzuron (Fig 20).

In the group of glyphosate, the percentage of alive sperms reported a significant
decrease with increasing the dose of pesticide during the whole period of the
experiment in comparison with the control (Fig 20).

The percentage of sperm viability was decreased significantly in the rabbits
received azoxystrobin with medium and high dose only (Fig 20).

Concerning dead sperms, diflubenzuron has raised the percentage in all treated
groups.

In animals treated with glyphosate, it was observed a significant increase in dead
sperms with increasing the doses compared to the control (Fig 20).

For azoxystribin treatment, results indicated a significant increase in the second
and the third group only.
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Figure 20:Effect of pesticides on sperm viability (%) of male rabbits (X+SD, n = 5).
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2.5 Sperm morphology
DBF treatment has showed significant increase in sperm morphology at all doses 250,
500, 750mg/ kg compared to the control (Table 4).
Table 4: Effect of DFB (250 mg /kg, 500 and 750 mg /kg) on sperms morphology on male
rabbits

Parameter A B C N \Y

18+1.22 21+1.23 22+1.64 38+3.13 6212.28
D1 1542.45%** 1943.56** 18+4.56*** 55+1.45%** 4342 34%**
D2 13+1.22%** 18+2.14%** 16+3.21%%** 8243.65%*** 25+1.45%**
D3 12+1.54%** 1743.21%** 15+2.34%%* 95+2.45%** 15+1.34%**

(M+£SD, N=5) *p=<0.5; *p=<0.01;***p<0.00
N: absence of formal change; A: little change in flagellum level; B: a significant change in the

flagellum level; C: a significant change in flagellum level.
The effect of glyphosate on sperm morphology of male rabbits after 4 weeks of
treatmenthas indicated a significant increase at300 and 400 mg/kg (Table 5).

Table 5: Effect of glyphosate (200 mg /kg, 300 and 400 mg /kg) on sperms morphology of
male rabbits.

ParameterA BCNYV

T 18+1.22 20£1.23 22+1.64 38+3.13 57+2.28
D1 17+1.45 18+2.56* 20+3.43* 663.52%%* 45+2.98%**
D2 14+2.65** 16+3.22** 18+2.13*** 75%2.46%** 43£3.65%**
D’3 12+2.76** 13+£3.12%** 16+2.54*** 82+1.34%** 38+0.45%**

(M+SD, N=5) *p<0.05; **p<0.01;***p<0.001
N: absence of formal change; A: little change in flagellum level; B: a significant change in

the flagellum level; C: a significant change in flagellum level.
As can be seen in the table 6, azoxystrobin have reduced the number of normal sperms
in comparison to the control category. Generally, the findings revealed a significant

increase in abnormal sperms morphology.

Table 6: Effect of azoxystrobin (100 mg /kg, 200 and 300 mg /kg) on sperms morphology of

male domestic rabbits.
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parameter A B C N Vv

T 18+1.22 20+1.23 22+1.64 25+3.13 33+2.28
D1 17+1.45%* 19+3.21 20%3.12 66+2.31*** 55+1.76**
D"’2 15+3.22%* 17+2.13* 19+4.21**  7543.65%*** 5243.10***
D”’3 13+2.34%** 14+3.12*%*  17+2.34*%*  82+4.76*** 4712 .34%**

(M=£SD, N=5) *p<0.05; **p<0.01;***p=<0.001.
N: absence of formal change; A: little change in flagellum level; B: a significant change in
the flagellum level; C: a significant change in flagellum level.
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2.6 Testosterone

A significant decrease in plasma testosterone concentration of rabbits orally
given DFB at dose at 250mg/kg, 500mg/kg, and 750 mg/kg after one month treatment
was found in comparison to the control.

Concerning the results of glyphosate, the level of testosterone was significantly
reduced at the doses of (200mg /kg), 300mg/kg and 400mg/kg compared to the control.

Similarly, results revealed an important reduction in testosterone level with
the increasing doses of azoxystrobin (Fig 21).
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Figure 21: Effect of pesticides on Testosterone plasma on male rabbits (X+SD, n = 5).
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3. Biochemical parameters
3.1 Cholesterol

A significant increase in plasma cholesterol level at low dose (250mg/kg) was noticed,
with a significant increase in medium and high dose of rabbits treated with DFB (Fig
22).

Glyphosate showed an increase decrease in the second (300mg/kg) as well as in the

third group (Fig 22).

On the other hand, a significant decrease increase of cholesterol level in azoxystrobin

treated rabbits at medium (200mg/kg) and high dose (300mg/kg) was recorded
compared to the control.
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Figure 22:Effect of pesticides on Cholesterol concentration of male rabbits (X*SD, n = 5).
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3.2 Triglycerides
The present results showed an important rise in plasma triglycerides’ level at

low (250mg/kg), medium (500mg/kg) and high dose (750mg/kg) in group treated with
DFB (fig 23).

In the group receiving glyphosate, a significant decrease at 200 mg/kg,
300mg/kg and 400mg/kg was observed compared to the control.

Concerning the group of rabbits treated with azoxystrobin, results indicated a
significant decrease in triglycerides concentration at all doses (fig 23)
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Figure 23:Effect of pesticides on Triglycerides’ concentration of male rabbits (X+SD, n
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3.3 Glucose
Results recorded a significant increase in plasma glucose concentration for the medium
(500mg/kg) and the high dose (750mg/kg) compared to the control (fig 24).

For glyphosate, results showed a significant increase in glucose concentration of
treated rabbits at low dose (200mg/kg), as well as at medium (300mg/kg) and high
dose (400mg/kg) (fig 24).

Concerning the group treated with azoxystrobin, a significant decrease in glucose
level after 4 weeks treatment of male rabbits at medium, and high dose compared to
the control (fig 24).
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Figure 24:Effect of pesticides on glucose concentration in male rabbits (X£SD, n = 5).
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3.4 Albumin

The mean concentration of plasma albumin in control and pesticides-treated male
domestic rabbits was showed in (fig 25).

DDFB intake resulted in progressive significant decrease in albumin
concentration with increasing doses.

For Glyphosate, the significant decrease of albumin concentration was only
observed in the medium and the high doses compared to control.

For azoxystrobin, results indicated a significant decrease of albumin level in
male rabbits exposed to the high dose only (300mg/kg).
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Figure 25:Effect of pesticides on albumin concentration (g/l) of male rabbits (X +SD, n = 5).
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3.5 Creatinine

The experimental trials for oral doses of Diflubenzuron after 4 weeks of administration
in male domestic rabbits revealed that creatinine concentration significantly increased
at 250,500 and 750 mg/kg (p<0.001) compared to the control (Fig 26).

Glyphosate has significantly increased albumin concentration at the medium
(200mg/kg at p<0.01) and the high dose (400mg/kg).

Concerning the oral administration of Azoxystrobin, it caused a significant
increase in creatinine concentration after administrating the three doses compared to the
control (Fig 26).
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Figure 26:Effect of pesticides on creatinine level (g/l) of male rabbits (X +SD, n = 5).
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3.6 Urea

Plasma urea concentration has increased significantly when male rabbits treated with
the 3 doses (250, 500 and 750mg/kg) of DFB compared to the control (Fig 27).

For glyphosate treated rabbits, a significant increase of urea was only
observedat 300 mg/kg and 400 mg/kg(Fig 27).

Results of serum urea concentration in the groups received azoxystrobin was

significant increased when using the three doses compared to the control (Fig 27).
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4. Blood components

4.1. Red blood cells
Results presented in figure 28 indicated that DFB decreased RBC count significantly.

The RBC count in rabbits treated with glyphosate showed also significant decrease with
increasing dose (Fig 28).
In the groups receiving Azoxystrobin, a significant decrease of RBC was seen at 200 and

300mg/kg and at 300 mg/kg compared to the control.
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Figure 28:Effect of pesticides on red blood cell counts (x106/Mmcl) of male rabbits (X+SD, n =
5).
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4.2. Hemoglobin
Hemoglobin concentration of the treated rabbits with the three different doses of
DFB was significantly decreased compared to the control.

Results in fig 29 showed a significant decrease of Hb of male rabbits exposed to all doses of
glyphosate compared to control.

The same results were observed in the groups received Azoxystrobin (fig 29).
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Figure 29:Effect of pesticides on Hb concentration (g/l) of male rabbits (X+SD, n = 5).
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4.3. White blood cells

There was a significant elevation in WBC count in rabbits supplied with the highest

dose of DFB and glyphosate compared to the control (Fig 30).

Concerning the group of rabbits treated with Azoxystrobin, the findings revealed an

important rise of WBC counts (p <0.05) through the medium (200mg/kg) and the high

dose only (fig 30).
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Figure 30: Effect of pesticides on WBC (x103/mcl) of male rabbits (X+SD, n = 5).
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5. Stress oxydatif parameters

5. 1. Liver Glutathione

Glutathione levels of male rabbits treated with DFB were presented in
Fig 31. The results revealed a significant decrease of glutathione level
concerning low, medium and high doses after four-week treatment.

Findings revealed considerable reduction of glutathione levels in rabbits
given glyphosate and azoxystrobin at only the medium and the high doses
compared to the control (fig 31).
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5.2. Testicular Glutathione

In the Diflubenzuron treated rabbits, the value of testicular GSH showed

a significant elevation for all doses (250mg/kg, 500mg/kg and 750mg/gk) after

one month exposure (Fig 32).

In the groups treated with glyhosate, a significant decreases at the 3 doses

(200, 300 and 400mg/kg) was observed compared to control group.

Concerning azoxystrobin, treated rabbits had a significant decrease of

GSH level with increasing doses (fig 32).
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6. Histological study
6.1. Testicules
Compared to control group (T), which all tissue components are normal, the
histopathological examination of testicular rabbits treated with DFB showed fission in
seminiferous tubules, and separation of germ cells from the basal membrane in low and
middle doses (250, 500mg/kg bw), with the occurrence of abnormal intracellular space

between seminiferous tubules in the higher dose of 750mg/kg bw (Fig 33).

Figure 33: Testicular histology of rabbits from the control and groups treated with
DFB(x400).

Spz: permatozoa; Lst: lumenofseminiferoustubules; bm: basalmembrane
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The histological architecture of rabbit testes have been modified by glyphosate
at 200 and 300mg/kg bw, whereas that of 400 mg/Kg bw has widen the intracellular
space between seminiferous tubules and made the lymen more empty of spermatozoids
(Fig 34).

Figure 34: Testicular histology of rabbits from control and groups treated with Glyphosate
(x400).

Spz: permatozoa; Lst: lumen of seminiferous tubules; bm: basal membrane.
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The AZO fungicide at low and middle doses of 100 and 200 mg/kg bw has
altered the testicular histology at the seminiferous tubules.The highest dose of 400
mg/Kg bw has made wide deteriorations on this reproductive organ by separating the

the meniniferous tubules within the rabbit testes (Fig 35).

Figure 35: Testicular histology of rabbits from control and groups treated with AZO (x400).

Spz: Spz: permatozoa; Lst: lumen ofseminiferous tubules; bm: basal membrane
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6.2. Liver
Histopathological examination of liver specimens taken from control

group showed normal histological structure of the central vein and the
surrounding hepatocytes of the parenchyma.

High dose of pesticides (750mg/kg of Diflubenzuron, 400mg/kg of
glyphosate, and 300mg /kg of azoxistrobin) demonstrated the presence of
congestion in portal blood vessel and portal infiltration with inflammatory cells.
(fig36).

Figure 36: Liver histology of male rabbits from the control and groups treated with DFB
(x400).

Central vein
Blood congestion
Necroticfocis

Inflammatorycells
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The histological study revealed certain alterations in hepatic tissues demonstrated by
congestion of portal blood with inflammation in three doses of glyphosate herbicide
(200mg/kg, 300mg/kg, 400mg/kg) compared to the control group (fig 37).
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Figure 37: Liver histology of male rabbits from the control and groups treated with
Glyphosate (x400).
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Concerning liver histological study, our results revealed that ayzoxystrobin fongicide
induced certain modificacations indicated by cells inflammation in the treated groups
compared to the the control (fig 38).

Figure 38: Liver histology of male rabbits from the control and groups treated with

Azoxystrobin (x400).
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In the present study, total body weight was significantly reduced in every group
treated with pesticide; this may be attributed to a decreased food intake. Thus, less food intake
is due to the loss of appetite, which could be responsible for the reduced body weight in
groups treated with pesticides. There was gradient decrease in food and water consumption, as
this may be indicative of pesticides induced toxicity hampering the body basal metabolism.

Similarly,reduced food consumption was observed in rats and mice, which had
received high doses of triadimefon, CBZ and acetamiprid(Koprucu et al., 2010; Hocine et
al.,2016).Also, weight loss in the treated groups may be a result of the combination of
oxidative stress and adrenal mediated stress caused by inhibition of cholesterol ester
hydrolase, which could lead to less food intake,and then decreased body weight.Wissem
(2011) reported that the body weight of animals receiving 250 mg/kg of an organophosphate
was decreased.Our studies were similar to Chevier (2000), who suggested that insecticides
could be released from adipose tissues, along with mobilizing of lipids leading to weight loss.
Besides, similar results were found by Patil (2018) after treating male wistar rats with
Carbendazim at 100,200 and 400mk/kg. Considering the exposure to chemicals could
interfere with the growth pattern of an animal and in the interpretation of possible
reproductive impacts (Clegg et al., 2001), results indicate that the reproductive effects caused
by difenoconazole are related to its direct action. Goetz et al. (2006) have nor observed
significant differences in food consumption after the oral exposure of rats to myclobutanil and
propiconazole fungicides at 100 and 500 ppm, from the gestational period until postnatal day
120. Meanwhile, animals exposed to 1800 ppm of triadimefon had a reduced food intake rate
from the first week of exposure (Goetz et al., 2006). The reduction in body weight in response
to cypermethrin intake may be a result of oxidative stress and/or to an increase in the
degradation of lipids and proteins (Adjrah et al., 2013).This finding is supported by the
observed significant decrease in protein content in cypermethrin-treated rabbits.Thus, our

results agreed with Ali (2015)who treatedrabbits with different doses of cypermethrin.

The findings of the present study revealed that the oral gavaging of three different
pesticides (diflubenzuron, glyphosate and azoxystrobin) over 4 weeks, decreased rabbit
spermatozoid concentration, speed quality, motility and vitality. Besides, concentration, and
durability of the examining sperm density and viability in the tail of epididymiswere notably
reduced in the three groups treated with pesticides. We can explain, through these results, that
the pesticides infiltrate the blood circulation and directly lead to the production of infertile

sperm by damaging the testicular tissues; or provoking mutagenic effects (Leaser et al.,
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1998). Pesticides’exposure affectsseminal vesicle and prostate, which contribute respectively
to the production of 60% and 30% of the seminal volume, reducing then the seminal volume
(Yucra et al, 2006). In the same line, pesticides generate disorders in the normal
differentiation of sperm chromosomes (Waem et al., 2009). In our study, we observed a
decrease in the sperm parameters of groups treated with DFB. Najai (2013) reported that
raisingpesticide doses can decrease the number and progressive motility of sperm, in addition
to the number of dead or immotile sperm. Various studies reported that pesticides might
reduce the level of sperms steroid hormones, by increasing catabolism that is directly affect
testicular tissue, and directly and indirectly affect the endocrine system (Fattahi et al., 2009).
Our work is similar to other studies as that of Yousef et al,. (2003), who reported impairments
of reproductive system in rats exposedcypermethrin.Similar effects were observed by Issam
(2011) after subcutaneous PM insecticide treatment. Geroge (2018) proved the toxicity of
glyphosate herbicide on human sperm mobility and ADN fragmentation by affecting the
mitochondrial function.Our results were in line with Eman (2019), in which mancozeb
fungicide led to the reduction in the reproductive parameters of male rabbits. However, Sperm
motility depends on the integrity of the middle piece and tail for producing energy. Therefore,
any factor interfering in the assembling of tail structure protein components and/or modifying

the concentration/function of ATP synthesis can lead to decreased sperm motility.

In this study, there were an apparent decrease of serum testosterone concentration of
rabbits exposed to the three types of pesticides and in all doses. It was found that the exposure
to GBH led to disruption of normal testicular architecture, coupled with a decrease of
testosterone secretion as well as abnormal sperms properties (Owagboriaye et al., 2017). The
decrease in testosterone level after exposure to Roundup® has been observed in previous
studies (Romano et al., 2010; Dallegrave et al., 2007), but not with glyphosate alone. The
disturbances in hormonal regulation during prenatal and neonatal periods may induce adverse
effects on the male reproductive system (Palanza et al., 2016). In fact, exposure of rats to 50
to 450 mg/kg/day of GBH (Roundup®) during pregnancy and lactation affects serum
testosterone levels and spermatozoa parameters (Dallegrave et al., 2007; Romano et al. 2012)
and caused changes in sexual behavior of the male offspring (Romano et al., 2012). Unlike
many studies that focused on GBHSs, recent studies showed that glyphosate did not affect male
reproduction in rat (Dai et al., 2016) or decrease the total sperm production at the high dose of
500 mg/kg/day without affecting testosterone level (Johansson et al., 2018). However, some

studies support the hypothesis that glyphosate affects sperm parameters in fish (Lopes et al.,
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2014; Uren Webster et al. 2014; Goncalves et al., 2018). In humans, data from existing
epidemiological studies does not support the idea that glyphosate is toxic to reproduction and
human development (de Araujo et al., 2016). However, a recent study associatesd exposure to
glyphosate to shortened gestational length (Parvez et al., 2018). As glyphosate didn’t affect
the expression of the Cyp19al transcript, we suggest that the decrease could not be explained
by the alteration of the activity of the aromatase enzyme, encoded by Cypl9al, which
transforms testosterone into estradiol. However, in studies using human placental and
embryonic cells, it has been shown that the treatment with low concentrations of GBHSs led to
changes in aromatase activity and mRNA level (Richard et al., 2005; Benachour et al., 2007).
The toxicity of glyphosate may be mediated via its effects on endocrine regulation of the
hypothalamic-pituitary axis (Yousef et al., 1995). On the other hand, Uren Webster et al.,
(2014 hypothesized that glyphosate disrupts the steroid biosynthetic pathway by causing
oxidative stress.Some pesticides are endocrine disrupting agents causing hormonal imbalance
and disruption in male fertility. As they work on the synthesis, storage, release and bonding of
hormones, the latter are affected, leading to change in their levels and functions (Tabb &
Blumberg, 2006; Souheilo et al., 2011). As well as, they disturb the normal functioning of
reproductive hormone and indirectly decrease sperm production, differentiation and
spermatogenesis (Whorton, 1994; Melissa, 2008). We observed that glyphosate exposure
resulted to a significant decrease in the spermatozoa numbers leading to a decrease of
epididymis weights. This decrease in the spermatozoa counts demonstrates that exposure to

glyphosate or a GBH could reduce male fertility.

Azoxystrobin treatment of the present study established a significant decline in sperm
parameters after, which can be explained by reducing the percent of the live sperm cell and
the viability of the epididymal sperm. Joshi et al (2005) noted that Wistar rats orally subjected
to mancozeb was at the dosage level of 500 mg/kg/day for 30 days produced a vital decrease
in testicular sperm cell density, and the sperm motility in cauda epididymis. Ananthan (2016)
said that the effect of mancozeb at the dose of 300 mg/kg body weight for 60 days induced a
significant decrease in the epididymal sperm counts, motility, and viability. It is notable that
epididymis is the main organ for the maturation of sperm and is androgen-dependent in regard
to its structure and performance (Rao &Sharma, 2001).

Fungicide treatment also brought an essential loss of sperm reserves in the rat cauda
epididymis (Kempinas et al., 1998). Moreover, Khan and Sinha (1996) revealed that intake of

mancozeb at 1000 mg/kg b.w for 35 days to males of 6-8 weeks old Swiss albino mice made
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a significant decrease in sperm count, combined with a labeled increase in the frequency of
abnormal head sperm. After 30 days mancozeb subjection in mice, there was inhibition of
spermatocyte maturation (Ksheerasagar & Kaliwal, 2003). In addition, the number of the
sperm was diminished and the intertitular blood vessels were dilated and engorged with
blood. Moreover, Ksheerasagar & Kaliwal (2010) said that the influence of mancozeb on
testicles and accessory sex organs pointed out two principal impacts on the male reproductive
system. Study of Dong et al. (2018) evaluated the reproductive impact of difenoconazole
exposure on male fish Oryzias melastigma, in which they observed inhibited testicular
development and a significant decrease of spermatozoa that was consistent with the reduction
of fertilization success in the F1 generation. Nevertheless, studies of exposure of rats to
propiconazole (Costa et al., 2015) and tebuconazole (Yang et al. 2018) showed no change in
testicular sperm counts. In addition, a decrease of spermatozoa was observed in the
epididymis in all groups exposed to difenoconazole. Yang et al. (2018) also reported a

decrease in epididymal sperm count after exposure to tebuconazole.

Numerous factors contribute to the reduction of testosterone by inhibiting steroids, a
defect in production of androgen, or degeneration of leydig cells, therefore, the level of
testosterone is could be reduced (Taib et al., 2014), probably by causing a disorder in
hormone metabolism or inhibitingits receptors and affecting the process of gene transcription
(Perry et al., 2011), or inhibitingthe p450 hepatic enzymes function that metabolizes
testosterone, estradiol and estrone (Scott et al., 2010).Exposure to GBH during rat puberty
induced changes in the progression of puberty, testicular morphology, and reduced
testosterone production (Romano et al., 2010). In adult rats, GBH exposure leads to disruption
of normal testicular architecture, coupled with a decrease of testosterone secretion as well as
abnormal sperms properties (Owagboriaye et al., 2017). The toxicity of GBHs is for now
attributed to the surfactants and adjuvants that are added during commercial preparations
(Mesnage et al., 2013; Johansson et al. 2018). On the other hand, recent investigations
showed that glyphosate has not affectedrat male reproduction (Dai et al., 2016) or
decreasedtotal sperm production at the high dose of 500 mg/kg/day without affecting
testosterone level (Johansson et al., 2018). The decrease in testosterone level after exposure to
Roundup® has been observed in previous studies (Romano et al., 2010, Dallegrave et al.,
2007) but not with glyphosate alone. As glyphosate didn’t affect the expression of the
Cyp19al transcript here, we suggest that the decrease could not be explained by the alteration

of the activity of the aromatase enzyme, encoded by Cyp19al, which transforms testosterone
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into estradiol. However, in studies using human placental and embryonic cells, it has been
shown that the treatment with low concentrations of GBHs leads to changes in aromatase
activity and mRNA level (Richard et al., 2005; Benachour et al., 2007). The toxicity of
glyphosate may be mediated via its effects on endocrine regulation of the hypothalamic-
pituitary axis (Yousef et al., 1995). On the other hand, Uren Webster et al. hypothesized that
glyphosate disrupts the steroid biosynthetic pathway by causing oxidative stress (Uren
Webster et al., 2014). Our results are alike the finding ofArish (2017) that used permethrin
and observed its effects on testicles parameters of male rats, and sa that of observed by
Parinya (2018) in farmersexposed to pesticides, which led toa decrease in testosterone level.

In this work, Hemoglobin level and red blood counts were gradually decreased and
directly related to the increasing dose ofpesticides and time of exposure; however, leukocytes
count was significantly increased which may be linked to the oxidative stress(El-Desoky et
al., 2012).According to the study of Gholami et al.,(2017), glyphosate and their metabolites
caused hemolysis, hemoglobin oxidation and provoked a rise iInRBC with increasing dose.
These results agree with those of Basir (2011) who observed a decrease in RBC counts, as
well as hemoglobin and hematocrit values at a high dose when the adult male dogswere fed
capsules containing thiophanate methyl fungicide. Other studies have showed similar findings
(Wael, 2012) after treating male mice with metalaxyl fungicide.Our results are similar to that
found by Sanam(2019) who reportedthat hematologic parameters have been decreased after
treating rabbits Oryctolagus cuniculus that received 50, 100, and 150mg/kg of glyphosate
fungicide.Other studies showed the decrease in the RBC counts, hemoglobin levels, which
were possibly due to inhibited RBC production, decrease in the number of matured RBC
released into blood stream and shortened life span of circulating RBC (Dorucu &
Girgin,2002). This agrees with Farzeen & Razia (2021) that pesticides poisoning
increasedRBC destruction as a result of impaired biosynthesis of haem in the bone marrow
resulting in lower levels of hemoglobin and hematocrit. Moreover, Riaz(2017)reported that a
diminution of Hb level was seen in male rabbits after cypermethrin exposure, and they
suggested that this pesticideinduced modifications in hematological indices.Similarly, the
reduction in hemoglobin level may be due either to an increase in the hemoglobin destruction
rate or a decrease in the hemoglobin synthesis (Dorucu & Girgin,2002). Moreover, anemia
could have been observed because of RBC destruction, induced by pesticides.Thus, the
reduced number of RBChas led to lower hemoglobin and hematocrit levels
(Zorriehzahra,2010).
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Our results showed that the natural immunity system of the rabbits was activated,
attempting to cope with the injury caused by pesticides. Yousef,(2003) suggested that
Cypermethrin given to male rabbits at 24 mg/kg bwmay provoked a systemic damage of the
rabbit’s immune system due to acute stress and infections induced by toxicity, which is in line
with that of Bigoniyaa (2015) throughthe activation of the animal’s defense mechanism
against toxic invasion. These results agree also with Nunta(2020) when treated rabbits with
organochlorine pesticides and that of Asieh (2018) after treating male wistar rats with a dose
of 10 and 25mg /kg bw of diazinon.

Concerning biochemical parameters, our results showed a significant increase in
glucose levels in rabbits treated with diflubenzuron and glyphosate as rabbits need an extra
production of energy to combat such induced stress generated by pesticides, by affecting the
lymbic system which activates the hypothalamus to produce corticolibirine(CRH) the latter
stimulate the pituitary gland to release ACTH, which is an activator of adrenaline glands for
the production and secretion of cortisol in blood to elevate blood sugar levels (Maryam et
al.,2013); this result agrees with that of Assia (2020) and Ambali (2011), where the increase
in blood glucose level in rabbits may induce hyperglycemia through reduced insulin secretion
and hepatic glucogenesis, but stimulate glycogenolysis pathway resulting in disease
conditions such as diabetes mellitus (Mossa& Abbassy,2012). This finding is in parallel with
that reported by Paul et al., (2009) and Veerappan et al., (2012). Therefore, glucose
homeostasis was affected by cypermethrin administration. This insecticide induces
hyperglycemia which involve one or more mechanisms; 1) reduction in insulin secretion as a
result of the destructive action of cypermethrin on the beta cells in the pancreas (Kalender et
al., 2005 and Eraslan et al., 2008), 2) impairment in hepatic function due to oxidative stress,
which reduce liver ability to glycogenesis (Abdou et al., 2012 and Bhatti et al., 2014), and 3)
stimulation of hepatic gluconeogenesis and glycogenolysis (Veerappan et al., 2012; Bhanu
and Deepak (2015). Similar finding by EI Demerdach (2003) and Menna (2004) after treating

animals with cypermethrin insecticide.

Cholesterol levels in this study were increased in rabbits treated with diflubenzuron
and glyphosate. Other researches proved that pesticides caused a decreased lipoprotein lipase
LPL activity in adipose tissue, and an increase in the total plasma cholesterol levels. Plasma

triglycerides levels were reported to be increased in rats treated with carbendazim, which led
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to an increase in lipogenesis and accelerated the acetyl-coA, which is known to be the
precursor of cholesterol biosynthesis. Our results were in line with that of Wael (2012) after
treating mice with metalaxyl fungicide.On the other hand, we found a reduction in plasma
glucose, triglycerides, cholesterol and protein levels of rabbits treated with fungicide, where
these results are similar to that of Baligar & Kaliwal, (2001), who reported that mancozeb
fungicide at 600, 700 and 800 mg/kg/day induced a significant decrease in the level of rat
glycogen and protein contents.

Concerning azoxystrobin, th present study is in agreement with other investigations
that documented that OPs provoke an increase in the level of total lipid mainly cholesterol and
triglycerides (Abdou and Mazoudy, 2010; Al-Attar, 2015; Al-Attar et al., 2017). The
pathoetiology of observed hypercholesterolemia could be associated with hepatocytes damage
due to oxidative stress mediated cell membrane breakdown that gave rise to leak out of
cholesterol to the blood.The increased total triglycerides can be explained by enhanced
adipocyte lipolysis due to pesticides—induced insulin resistance as well as inhibition of plasma
lipoprotein lipase and hepatic lipase (Abdou & EI-Mazoudy,2010; Chatterjeeand, 2011,
Bishop et al., 2013; Al-Attar et al., 2017).

GSH level has been decreased in the actual work atthe low doses of the three
pesticides studied. The GSH might play an antioxidant safeguarding role of the sperm cell
membrane, through it oxidation to GSSG by glutathione reductase (Biswas & Rahman, 2008).
changes in the levels of different glutathione forms (either reduced GSH or oxidized GSSG)
may indicate a shift in the prooxidant-antioxidant balance, which often takes place under
pesticide-induced stress conditions (Maher, 2005; Lushchak, 2012; Atamaniuk et al., 2013).
Generally, exposure to pesticides caused a reduction in GSH level (ElI Shennawy, 2009;
Shorma et al., 2005).

Our results were in parallel to that of Larsen (2012) after treating rabbits with diazinon
insecticide, which led to a decrease in glutathione concentration.Similar findings obtained by
Mehmet (2018) showed that pesticides decreased GSH level in human blood. Our work
confirmed the results of Eman (2019) after treating male rabbits with mancozeneb at a dose
100kg/mg. The level of GSH has been associated with many adverse effects on male
reproductive system in both human and rodents. It is capable of preventing damage to
important cellular component caused by reactive oxygen species such as free radicals,

peroxides and lipids (Pompella et al., 2003).
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Urea and creatinine concentrations werenotably increased in the 4th weeks of the
experiment. Such findings are in agreement with that reported in other studies (Saxena
&Saxena, 2010; Sankar et al., 2012; Sakr & Albarakai, 2014). Urea is formed by the liver as
an end product of protein breakdown and it is one marker of the kidney function (Debra
Manzella, 2008 and Tawfik & Al-Badr, 2012). The increase in serum urea observed in the
present study may be due to impairment in its synthesis as a result of damaged hepatic cells,
disturbance in protein metabolism and a decrease in its renal filtration rate. The decrease in
the serum protein level observed in the present study may support this explanation. Creatinine
is break-down product of creatine phosphate in muscles, and is usually produced at a fairly
constant rate by the body. Creatinine is chiefly filtered out of the blood by the kidneys and has
been found to be a fairly reliable indicator of kidney function (Tawfik & Al- Badr, 2012). As
the kidneys become impaired for any reason, for example in case of cypermethrin poisoning,
the blood creatinine level may rise due to poor renal clearance. Thus, rises in blood creatinine
level was observed with damage to functioning nephrons and apparently impair renal function
(Zama et al., 2007 and Ambali et al., 2010).

As indicated in the present results, significant decreases in the levels of total aloumin
during the 4th weeks of treatment by the three different pesticideswere found. Similar results
were reported in other studies after the oral administration of different doses of cypermethrin
(Lakkawar et al., 2006; Ahmad et al., 2011; Veerappan et al., 2012 and Mhya et al., 2014).
The reduction in serum protein levelsmayattribute to alterations in protein and free amino acid
metabolism and their hepatic synthesis. Also, the protein level suppression may be due to loss
of protein either by reduction in protein synthesis or increased proteolytic activity or
degradation (Ncibi et al., 2008 and Shin and Moon, 2010). In addition, the observed decrease
in serum proteins could be attributed in part to the damaging effect of pesticides like

cypermethrin on liver cells.

Through the histological study, the results showed analteration in the hepatocytes as
well as in the size and shape of the somniferous tubules, with blood congestion and necrosis
in all rabbits received pesticides with the different doses. Many studies reported that liver
tissue is the primary target of pesticides such as organophosphorus, causing detriment to both
liver structure and functions. Ezzi (2016) suggested that chlorpyrifos had a dose—dependent
effect on central vein and portal triad of rat liver. Acute high dose of dizine caused hypertophil

and swilling of hepatocytes and vascuolisation of cytoplasm (Beydilli et al.,2015). Such study
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is in the same line for OPs toxicity. Studies have reported the presence of hyalinization,
vacuolisation, nucleus necrosis,and hepatocellular oedema after exposure to low dose of
trichlorfon (Li et al.,2017). The testicular sections of rabbits treated with the three pesticides
have obvious structural changes after four weeks, where the rupture appeared on the level of
sperm tubules. In addition, the lumens of the tubules wereempty of sperm. Pesticides reduced
the level of lipids and proteins at the cellular membrane level of Sertoli cells, and the size and
shape of the somniferous tubules were modified. These findings agreed with Li(2014) using
cypermethrin, where vacuolizationswere appeared as intercellular spaces, may be because of
the death of germinal lineage cells and lack of elements of the somniferous cells. Triazophos is
another pesticide associated with liver damage in experimental female albino rats (Charma,
2014), in which a variety of histopathological modifications,such as infiltration vacuolization,
and necrosis. Our results on testicular histology are in parallel with that of Heba (2016) who
treated rats with Cypermethrinat 50 and 70mg/kg, and that of Ghada(2017) with various
degrees of harmful changes in the histological structure of testis and liver of male rabbit
exposed to organophosphorus pesticides, and that of Somaryyeh (2017) about
organophosphorus on liver tissues. The disturbance of the male reproductive function can also
be observed if there are changes in testicular morphology. In rats, exposure to Roundup® can
provoke the appearance of vacuoles and the degeneration of the seminiferous epithelium
(Dallegrave et al.,2007); there are also changes in the epithelial height and luminal diameter

of seminiferous tubules (Romano et al., 2010, Romano et al., 2012).

74



Conclusions
and
perspectives



Conclusion and perspectives

In this project, the effect of sub-chronic oral exposure of insecticide (Diflubenzuron,
DFB), a herbicide (Glyphostae, GLY), and a fungicide (Aroxystrobine, AZO) on
reproduction, plasma biochemistry, blood components, and also the organs’ oxidative stress
and histology of the domestic rabbit Cuniculus lepus male rabbits were investigated.

Results obtained have shown that the three pesticides used caused harmful effects on
spermatozoan concentration, speed, vitality and morphology, and on testosterone
biosynthesis.

The study demonstrated that the insecticide DFB has increased plasma cholesterol,
triglycerides, glucose, urea, creatinine, and WBC levels, but it decreased RBC, Hb, hepatic
and testicular glutathione, and albumin.

However, the herbicide GLY given to rabbits has altered many parameters as that
observed in the decrease of cholesterol, triglycerides, albumin, RBC, Hb, aand testicular and
hepatic glutathione, accompanied with an elevation in glucose, urea, creatinine, and WBC
levels.

The fungicide AZO also has made notable modifications by increasing the levels of
cholesterol, triglycerides, urea, creatinine, WBC, whereas it decreased the levels of glucose,
albumin, RBC, Hb, and hepatic and testicular GSH.

Concerning histology, all pesticides have made histo-pathological injuries to both liver
and testicules.

In conclusion, the pesticides used at different doses have clearly induced reprototoxicity,

hepatotoxicity, hematotoxicity, and nephrotoxicity to male rabbits.

In future, our scientific perspective will focus on the following:
e The mode of action of pesticides at the testicular molecular levels,
¢ The toxicological effects of pesticides as a mixture on the reproductive functions.

e The natural detoxification of pesticides by using local products.
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