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Abstract Introduction. The modern world uses several toxic chemicals, among them,
pesticides which present a potential risk to humans when they are exposed to many
pesticides at the same time through diet. Objective. The present study aimed to eva-
luate the toxic effect of six pesticides mixture on liver hematological, biochemical and
histopathological parameters, in rats. Material and methods. Female Wistar rats, aged
two months and weighed 15045 g, were divided into three groups of ten rats. Pesticides
mixture (Chloroperiphos-methyl, Deltamethrin, Methidathion, Cypermethrin, Acetami-
prid, and Abamectin), at Acceptable Daily Intake (ADI and ADIx2), was administered
orally for 7 months. Results. Pesticides mixture at ADI exposed rats exhibited severe
damage in liver and kidney structure and function. At dose of ADIx2, more severe
effects, with notable changes and damage, were observed in liver and kidney histology
by several forms of inflammation, denaturation, and necrosis of cells and tissues. This
showed direct impact on functioning and metabolism of these organs by significant
changes in biochemical and haematological parameters (total cholesterol, total proteins,
aspartate-aminotransferase, alanine-aminotransferase, alkaline phosphatase, gamma-
glutamiltransferase, total bilirubin, potassium, iron, urea, creatinine, uric acid, hemoglo-
bin and hematocrit). Conclusion. The six pesticides mixture is toxic at ADIx2, and even at
ADI that represents security dose of one pesticide. However, in a mixture, this dose
causes deleterious effects on liver and kidney structure and function in rats.
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Résumé Introduction. Le monde moderne utilise plusieurs produits chimiques toxiques,
parmi lesquels les pesticides qui présentent un risque potentiel pour I'homme lorsqu'il
est exposé a de nombreux pesticides en méme temps par l'alimentation. Objectif. La
présente étude visait a évaluer I'effet toxique d’'un mélange de six pesticides sur les para
-metres hématologiques, biochimiques et histopathologiques du foie et des reins, chez
le rat. Matériel et méthodes. Des rats Wistar femelles, agés de 2 mois et pesant 1505
g, ont été divisés en trois groupe de dix rats chacun. Le mélange de pesticides (chloro-
périphos-méthyl, deltaméthrine, méthidathion, cyperméthrine, acétamipride et
abamectine) a une Dose Journaliere Admissible (DJA et DJAx2) a été administré par voie
orale pendant 7 mois aux rats. Résultats. Le mélange de pesticides chez les rats traités a
la DJA a présenté de graves altérations de la structure et la fonction du foie et des reins.
A DJAx2, des effets plus graves, avec des changements notables et des dommages ont
été observés dans |'histologie du foie et des reins, par plusieurs formes d'inflammation,
dénaturation et nécrose des cellules et des tissus. Ceci a montré un impact direct sur le
fonctionnement et le métabolisme de ces organes par des modifications significatives de
paramétres biochimiques et hématologiques (cholestérol total, protéines totales,
aspartate-aminotransferase, alanine-aminotransferase, phosphatase alkaline, Gamma-
glutamiltransferase, bilirubine totale, potassium, fer, urée, créatinine, acide urique,
hémoglobine et hématocrite). Conclusion. Le mélange des six pesticides est toxique a la
DJAx2 et méme a la DJA qui représente la dose de sécurité d'un pesticide. Cependant,
dans un mélange, cette dose provoque des effets délétéres sur la structure et la fonc-

tion du foie et des reins chez les rats Wistar.

Mots clés : Pesticides, Toxicité, Biochimie, Histopathologie, Foie, Rein, Rat

Introduction

Today, the demand for food will only increase with an
increasing world population. Around 1000 pesticides
are accessible in different arrangements in present
day agriculture and sanitary fields. These chemicals
are widely used all over the world fat has its impor-
tance, and these benefits to humanity in increasing
the production and quality of food products of plant
origin [1-3]. Pesticides are synthetic compounds bio-
cides likewise equipped for slaughtering all types of
life, deliberately added to environment for the purpo
-se of killing or injuring pests (insects, rodents,
weeds, and other unwanted organisms) and the era-
dication and control of diseases that result in increa-
sed food production. Major classes of pesticides are
insecticides, herbicides, fungicides, and rodenticides.
While many pesticides are toxic only to target
species, many are not highly selective [3-5]. Acute
and chronic serious problems on the ecological
system and human health are observed because of
the massive and uncontrolled use of pesticides [3, 6].
The greater part of the human population is exposed
to pesticides. Pesticides are evaluated to be answe-
rable for about 4% of the considerable number of
passings from all incidental poisonings, essentially in
the developing world. As for long-term and chronic

effects [7, 8]. Human exposure is fairly normal with
significant levels happening in word related settings
(creation and showering exercises in farming), low
levels in family units, and as residues in food. Human
exposure may bring about intense and postponed
wellbeing impacts. Intense pesticide harming repre-
sents critical dismalness and mortality around the
world [6]. A major pathway for exposure to many
pesticides at the same time is through diet [9].
Pesticides residues determination in food is beco-
ming an especially imperative and challenging issue.
Generally, it is very complex because it necessitates
the search for several pesticides trace of numerous
chemical class differences [10]. Approaches to testing
the safety of pesticides are summarized as the basis
of setting Acceptable Daily Intake (ADI), and Maxi-
mum Residue Limit (MRL). There is an increasing
awareness that the global reliance on pesticides
should be reduced due to their cost, and environ-
mental and health effects [11].

Interactions among pesticides and different xenobio-
tics happen, as often as possible through the reactive
intermediates formation. In liver, interactions of
pesticides with other xenobiotics and harmful meta-
bolites cause inhibition or induction of the respon-
sible enzymes of xenobiotics biotransformation in the
liver [12]. Residential pesticide exposure was asso-
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ciated with cancer risk for both adults and children.
This effect is related to the way of exposure and
metabolism of pesticides, as well as their mechanism
of action on the organism. [13,14].

Several studies have tested toxicological interactions
in pesticides mixtures, at molecular level, and their
impact on human health. A number of cocktail effects
examples, such as the toxicity potentiation of some
pesticides by others, e.g. malathion by isomalathion,
pyrethroids by anticholinesterases insecticides, orga-
nophosphorus by organochlorine insecticides, were
found [15,16].

In practice, several types of pesticides were consu-
med at the same time with doses that can even shift
the ADI in the same meal and the same day, presen-
ting a danger to the consumer. The present study
aimed to evaluate the chronic toxic effect of six pesti-
cides mixture, administered orally for 7 months, and
the possible synergy between them, even at very low
doses which present the security dose of one pesti-
cide at ADI and ADIx2, on biochemical, hematolo-
gical, and histopathological parameters of liver and
kidney tissues in female Wistar albino rats.

Material and methods

Animals and diets

Healthy females albino Wistar rats, two months old
with an average body weight of 15015 g were
obtained from Pasteur Institute, Algiers, Algeria.
Animals were maintained under standard laboratory
conditions of temperature (25+2°C), relative humidity
(50+£15%), 12h light/dark cycle, and received standard
diet and water ad libitum. This study has been carried
out in accordance with the Directive 2010/63/EU for
animal experiments ethics, and approved by the
scientific committee of Blida 1 University (Algeria).
Rats received throughout experimentation period a
mixture of corn, bran, middlings, soya, and multi-
vitamin complex. Rats had free access to food and
each rat consumed diet amount according to these
needs (total nitrogenous matter: 158.10 g/kg, Fat:
54.40 g/kg, Calcium: 12.80 g/kg Phosphorus: 3.80

g/kg).

Pesticides choice and doses

After the investigation approach about the most used
pesticides in agriculture, the six commercial pestici-
des used in this study were purchased from Phyto-
sanitary Chemical (Tipaza, Algeria). Pesticides tested
were Chloroperiphos-methyl (insecticide, Reldan 40
EC, 400g/L; Dow Agro Science, king Lin Great Britain),
Deltamethrin (insecticide, decis 25 EC, 25g/L; Bayer

Crop Science, Valence, Spain), Methidathion
(insecticide, Limacide 40, 400g/L; George-Daras S.A,
Marseille, France), Cypermethrin (insecticide, Cyatrin
10 EC, 100 g/L; Golden Field, Amane, Jordan), Aceta-
miprid (insecticide, PICADOR 20%, 200g/L; Vitagro,
China) and Abamectin (insecticide, acaricide and
nematicide, VAPCOMIC EC, 18g/L; VAPCO, Amane,
Jordan).

The six pesticides were used as mixture suspended in
water, administered orally ad libitum at low doses,
ADI and ADIx2, respecting animal body weight and
daily water quantity consumed by rats. Pesticides
doses were given to rats daily for 7 months.
According to the Codex Alimentarius, the doses of
pesticides were : Chloroperiphos-methyl ADI: 0.01
mg/kg, ADIx2 : 0.02mg/kg ; Deltamethrin : ADI : 0.01
mg/kg, ADIx2 : 0.02mg/kg; Methidathion : ADI :
0.001mg/kg, ADIx2 : 0.002 mg/kg; Cypermethrin :
ADI : 0.05mg/kg, ADIx2 : 0.1mg/kg ; Acetamiprid : ADI
: 0.07mg/kg, ADIx2 : 0.14mg/kg ; Abamectin : ADI :
0.0025mg/kg, ADIx2 : 0.005mg/kg [17].

Experimental design

Rats were divided into three groups, namely control,
pesticide at ADI, and pesticide at ADIx2. Each group
consisted of six animals. Control rats were given only
water, group 2 rats were given daily oral doses of
pesticide mixture (ADI), and group 3 rats were given
daily oral doses of pesticides mixtures ADIx2 ad
libitum for 7 months, a sufficient time for the appea-
rance of the chronic toxic effects of these low doses
of pesticides. The safe doses of individual pesticides
can be toxic in the mixture.

At the end of the experiment, and after overnight
fast, all the animals were sacrificed by decapitation
under light ether anesthesia. Blood samples were
collected by arterial decapitation in specific tubes
with anticoagulant substance, ETDA-2K was used for
the hematological analysis, and lithium heparin was
used for the biochemical analysis. Serum was collec-
ted using a centrifugal separator at 4000 rpm for 10
min. The liver was carefully dissected out, weighed,
and fixed in 10% buffered formalin to study the
histology.

Body weight and relative organ weight of rats

Body weight (BW) of each animal was measured once
a week or once two weeks throughout the experi-
mental period. Liver was weighed, and relative organ
weight of each animal was calculated by the equation
of Romero-Sarmiento et al., 2012.

Relati ioht = Absolute organ weight (g) « 100
elative organ weight = Body weight of rat (g)
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Hematological analysis

Blood samples were analyzed for white blood cell
count (WBC), red blood cell count (RBC), hemoglobin
concentration (HGB), hematocrit (HCT), platelet
count (PLT), using a full-automatic blood cell counter
model PCE-210N (Tipaza, Algeria).

Biochemical analysis

Blood serum was collected and biochemical indica-
tors of liver function were analyzed: blood glucose
(Glu), total cholesterol (TC), triglycerids (TG), total
proteins (TP), albumin (ALB), aspartate amino-
transferase (ASAT), alanine Aminotransferase (ALAT),
alkaline phosphatase (ALP), Gamma-glutamil-transfe-
rase (GGT), total bilirubin (TB), potassium (K), iron (1).
Biochemical indicators of kidney function: urea (U),
creatinine (Cre), uric acid (UA) were determined by
colorimetric methods (spectrophotometer model
BIOLIS 24i) (kits DiaSys Germany laboratory).

Histological analysis

Liver and kidney from control and experimental rats
were removed, and preserved in formalin 10% until
processed for histology, then washed under running
water to remove formalin pigments and ascending
grades of alcohol which can be dehydrated. After, pa-
raffin blocks were made by impregnation with paraf-
fin wax. They were processed and sections were cut
with 5um in thickness using Spencer Lens, rotatory
microtome (LEICA RM 2125 RT) and then, stained
with hematoxylin and eosin stain. They were exami-
ned via routine light microscopy [18].

Statistical analysis

Statistical analysis was made using BioStat version
09.Ink. Data were calculated by using One-way
ANOVA and expressed as mean + standard deviation
(SD) followed by Dunnet’s t-test to determine the
difference between experimental groups and control.
Values were considered significant at p<0.05.

Results

The present study showed that daily oral administra-
tion of pesticide mixtures at ADI and ADIx2 for 7
months causes deleterious effects on biochemical
and histological parameters compared to control
group. Data from various groups of rats are
presented in Tables 1-3 with mean + SD.

Body weight
Mean changes in rats BW are shown in Fig. 1.
No significant change in BW gain of rats was observed

at both doses of pesticides mixtures at ADI and
ADIx2.
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Fig. 1. Body weight of control and exposed rats to
pesticides mixture
Values are presented as meantSD of 10 rats per group. Control

group fed standard diet. Two groups of rats exposed to pesticides
mixture at doses ADI or ADIx2 for 7 months.

Relative organ weight

Liver and kidney relative organ weights of females
rats are shown in Table 1. Liver relative weight in-
creased slightly by 71.5% at ADIx2 pesticide dose,
while kidney relative weight was comparable in con-
trol and exposed rats with no significant change.

Table 1. Relative organ weight of female rats orally
administered pesticides mixture for 7 months

Liver relative Kidney relative

weight weight
Control 3.413+0.571 0.647 £0.071
Pesticides/ADI 2.930 +0.500 0.570 £0.019
Pesticides/ADIx2 2.095 + 0.332* 0.562 +0.015

Values are presented as meanzSD of 10 rats per group. Control
group fed standard diet. Two groups of rats exposed to pesticides
mixture at doses ADI or ADIx2 for 7 months. Values differed
significantly compared to control : * p<0.05.

Hematomogical analysis

The effects of different exposures on haematological
parameters are shown in Table 2. A significant de-
crease was found in hematocrit (32.80%) (p<0.01),
and haemoglobin (11.32g/dL) (p<0.05) in exposed
rats at ADIx2 compared to control group. However,
no significant change was shown in other haemato-
logical parameters.

Biochemical analysis

Plasma biochemical parameters of females rats which
had received pesticides mixture are shown in Table 3.
Exposure to pesticides at ADI and ADIx2 doses indu-
ced significant changes in liver activity levels biomar-
kers with a very significant increase in serum level of
ALAT, ASAT, PAL, GGT, and total bilirubin. A decrease
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in total cholesterol, and total proteins values was
noted with ADIx2. There was a significant decrease in
urea, uric acid and potassium in kindey, whereas, a
significant increase was noted in creatinine level. No
significant change in blood glucose, triglycerids, and
albumin, was observed in exposed rats compared to
control group.

Histological analysis

Fig. 2-7 illustrate the histopathological changes in
liver and kidney of experimental rats, respectively.
Histological results revealed that liver of control rats
showed normal histological architecture with normal
hepatocytes around the central vein and sinusoids
(Fig. 2A,3A). Histopathological alterations were
observed in rats exposed to pesticides mixture com-
pared to controls. Microscopic observations of liver
parenchyma in rats exposed to ADI dose are shown in
Fig. 2-3:B,C. These figures showed an appearance of
leukocytic infiltrates throughout the liver tissue, sinu-
soidal dilations, congested blood sinusoids, and necro
-tic hepatocytes. For rats exposed to ADIx2 pestici-
des, Fig. 2:D,E,F and Fig. 3:B,C showed severe altera-
tions of pesticides on hepatic histology, manifested
by the high number of hepatocytes that had strong
pink colors with eosinophilic cytoplasm throughout
hepatic parenchyma. These were hepatocytes in
necrosis course, and several zones of hepatocytes
totally necrotic with denaturation of cellular orga-
nelles. Even, the plasma membrane, with the presen-
ce of multiple sites of leukocytic infiltrates, sinusoidal
dilations and blood congestion with hemorrhagic
capillaries were observed. In kidney, the histological
results revealed in the control rats a normal kidney
tissue with normal glomerulus, renal corpuscle, proxi-
mal tubules, loops of Henle and distal tubules (Fig. 4:
A,B). In Fig. 4:C, and Fig. 5:A,B, microscopic obser-
vation of renal parenchyma in rats exposed to pesti-
cides mixture ADI, showed the presence of multiple
zones of leukotytic infiltrates in renal interstitium

around glomerulus, denaturing and even denaturing
proximal and distal tubes with total denaturation of
cytoplasm and cellular organelles, and only nuclei
and carcases of tubes remained, blood congestion
and hemorrhagic glomerulus, swelling of glomerulus
due to hyperplasia of mesangial cells of glomerulus.
Thus for rats exposed to ADIx2 (Fig. 4:D,E,F, and Fig.
5:C,D), the six pesticides mixture caused several
important changes on renal histology: blood conges-
tion, hemorrhagic blood vessels with hemosiderin
deposition in proximal tubes, presence of several
areas of leukocytic infiltrates in renal interstitium,
atrophy, dilatation of proximal renal tubes with flat-
tened epithelium and denatured cells with a total
denaturation of cytoplasm and cellular organelles,
and damaged. distal renal tubes with denatured cells,
hemorrhagic glomerulus, presence of denatured
glomerulus with swelling of glomerulus due to
hyperplasia of mesangial cells.

Discussion

The present study demonstrated the toxic effect of
six pesticides mixture on liver and kidney function
and histology in an experimental rat model. Modern
agriculture uses a high number of pesticides for one
agricultural product to obtain the highest possible
guantitative and qualitative productivity. The inges-
tion of a diversity of fruits and vegetables everyday
exposes the consumer to pesticides and to the dan-
ger of consuming several types of pesticides at the
same time, even at low doses or in trace quantities,
and can cause severe long-term damage to human
health [19,20]. Liver and kidney represent a major
target for pesticides, and because of their important
roles in the body, their damage causes negative repa-
rations on the proper functionary of the human body
[21]. Our results showed that the 7 months of rats
oral exposure to pesticides mixtures at ADI and ADIx2

Table 2. Effect of pesticide mixture (ADI and ADIx2) on hematological parameters

Parameters Control Pesticides/ADI Pesticides/ADIx2
Red blood cells (10°/pL) 7.34+0.29 7.29 +0.25 7.17 £0.15
Hemoglobin (g/dL) 14.40 £ 0.27 14.32+0.14 11.32 £0.31%*
Hematocrit (%) 37.20+1.76 37.15+1.20 32.80+1.17**
White blood cells (103/uL) 6.60 £ 0.82 6.70+0.91 6.70+£1.28

Platelets count (103/uL)

1221.50 + 82.85

1224.50 £ 51.98 1258.50 £ 56.57

Values are presented as mean2SD of 10 rats per group. Control group fed standard diet. Two groups of rats exposed to
pesticides mixture at doses ADI or ADIx2 for 7 months. Values differed significantly compared to control : * p<0.05.** p<0.01.
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Table 3. Effect of pesticides mixture (ADI and ADIx2) on biochemical parameters

Parameters Control Pesticides/ADI Pesticides/ADIx2
Glucose (g/L) 1.67 £0.10 1.59+0.16 1.74+0.12
Total Cholesterol (g/L) 1,00 £0.10 0.90+0.14 0.82 + 0.09*
Triglycerids (g/L) 1.09 £ 0.09 1.05+0.04 1.10+£0.10
ASAT (ui/L) 129 +2.06 155,00 £ 10,00*** 194,00 + 15.01***
ALAT (ul/L) 84.25 +5.98 96.25 £ 9.34*** 102.75 £ 5.11***
PAL (pi/L) 64,00 + 2.50 93,00 £ 3.70*** 112 £11.33%**
GGT (ul/L) 6.25+0.68 11.33 +1.86*** 11.50 + 1.41%**
Total Bilirubin (mg/L) 4.40£0.48 5.50 + 0.50* 7.25 1 0.43***
Total protein (g/L) 89.20+4.70 86,00 + 0.01* 81.75+5.21**
Albumin (g/L) 36.80 +1.32 37,00 +2.74 36,40 £1.92

Iron (ug/dL)

265.20+12.10

332.75 £ 37.61%**

331.8 £38.57***

Potassium (mmol/L) 4.06+0.51 3.73+£0.38* 3.78 £ 0.59*
Urea (g/L) 0.51 +0.05 0.45 + 0.06* 0.41 +0.02**
Creatinine (g/L) 7.60£0.48 9.50 £ 0.63** 9.60 £ 0.48**
Uricacid (mg/L) 15.60+1.31 9,00 £+ 1.05*** 10.20 £ 1.32%**

Values are presented as meanSD of 10 rats per group. Control group fed standard diet. Two groups of rats exposed to pesticides
mixture at doses ADI or ADIx2 for 7 months. Values differed significantly compared to control : * p<0.05,** p<0.01, *** p< 0.001.
ASAT: Aspartate aminotransferase; ALAT: Alanine Aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamiltransfe-

rase.

Fig. 2. Histological sections of the liver of exposed and control rats
A: Normal histological structure of control liver. B, C: Section of liver exposed to pesticides mixture ADI. D,E,F: Section of liver
exposed to pesticides mixture ADIx2. Magnification: x 400. Stain: Hematoxylin and Eosin. H: Normal hepatocyte. Nh: Necrotic
hepatocyte. S: Sinusoids. Ds: Dilated sinusoids. CV: Central veirif&: Blood congestion. Li: Leukocytic infiltration.
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Fig. 3. Liver histological sections of control and exposed rats
A: Normal histological structure of control liver. B, C: Section of liver exposed to pesticides mixture DAI. D,E,F: Section of liver exposed to
pesticides mixture ADIx2. Magnification: x 1000. Stain: Hematoxylin and Eosin. H: Normal hepatocyte. Nh: Necrotic cells. S: Sinusoids.
Ds: Dilated sinusoids. CV: Central vein.Bc: Blood congestion. Li: leukocytic infiltration. L: Leukocytes. E: Erythrocytes.

Fig. 4. Kidney histological sections of exposed and control rats
A, B: Normal histological structure of control kidney. C: Section of kidney exposed to pesticides mixture DAI. D,E,F: Section of kidney
exposed to pesticide mixture ADIx2. Magnification: A :x100, and B, C, D, E, F : x400. Stain: Hematoxylin and Eosin. G: Glomerulus. P:
Proximal convoluted tubules. D: Distal convoluted tubules. DG: Denatured Glomerulus. SG: Swollen Glomerulus. HG: hemorrhagic

glomerulus. Dp: Denatured proximal tubule. Dd: Denatured distal tubules. Ap: Atrophic proximal tubule. Bc: Blood congestion. Hc:
Hemorrhagic capillary. Li: leukocytic infiltration.
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Fig. 5. Kidney histological sections of exposed and control rats

o

A, B: Section of kidney of rats exposed to pesticides mixture DAl C, D: Section of kidney exposed to pesticides mixture ADIx2.
Magnification: x1000. Stain: Hematoxylin and Eosin. Dp: Denatured proximal tubule. Dd: Denatured distal tubules. Ap: Atrophic

proximal tubule. Li: leukocytic infiltration. E: Erythrocytes.

(Chloroperiphos-methyl, Deltamethrin, Methida-
thion, Cypermethrin, Acetamiprid, and Abamectin)
involved highly significant changes in biochemical,
hematological, and histological parameters in liver
and kidney. This toxic effect proved that the mixture
of six pesticides was toxic to liver and kidney, even at
low doses, and even at the acceptable daily intake
(ADI) that is considered without any toxic effect only
for one type of pesticide, but ADIx2 had a more
severe toxic effect [11].

Data showed that pesticides interact in a variety of
ways when they are combined, mainly in additive or
synergistic or antagonistic effect, and that the effect
of each mixture varies depending on the dose and
the physiological target within cell or body, and the
compound itself [22]. Firstly, about liver alteration,
our results showed that pesticides mixture caused
hepatotoxicity magnified by high number of necrotic
hepatocytes and tissues, leukocytic infiltrates, sinu-
soidal dilations and blood congestion with hemor-
rhagic capillaries. These changes directly affected
liver function, biochemical and hematological para-
meters of rat blood. Our results for ADI and ADIx2
confirmed histological findings, by a significant
increase in liver enzymes level (ASAT, ALAT, PAL,
GGT), total bilirubin and Iron, and a significant decre-

ase in blood level of total proteins, total cholesterol,
hemoglobin, and hematocrit. signs of liver damage,
and injury with inflammation and liver insufficiency
[23,24], the histological Increased ASAT and ALAT
were linked to high oxidative stress effects of pestici-
des, leading to hepatocyte injury [25]. This serum
increase in liver enzymes was primarily due to the
loss of a large portion of these enzymes from the
hepatocyte cytosol into the blood stream, as a result
of pesticide attack on hepatocyte cell membranes,
which is indicative of abnormal liver function [26].
The increase of PAL and GGT are related to the heap-
totoxicity which can be explained by a lesion of the
bile ducts and cholestasis [27]. The significant
elevation of total bilirubin can be commented by
hepatic insufficiency and dysfunction with damage to
the bile ducts [28].

Liver is the main organ of protein metabolism, the
significant decreases in total proteins level in exposed
rats to the pesticides mixtures might be caused by
liver damage, dysfunction, and disruption of protein
metabolism [29]. The significant decreases in total
cholesterol level at ADIx2 dose could be explained by
the fact that pesticides mixture exhibited a toxic inter
-action with lipids of Wistar rat through lipopero-
xidation [30]. Its mechanism of action is based on the
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induction of cytochrome P450 dependent mono-
oxygenase system that is also responsible for the
metabolism of fatty acids, vitamins, and steroids [31].
High level of iron and low level of hemoglobin and
hematocrit at ADIx2 inexposed groups, observed in
this study might be due to inhibitory impact of
pesticides on numerous means of heme biosynthesis,
and glycolysis in rat, and membrane permeability that
was associated with cells damage [32-34].

Pesticides effects on cell activity could, in several
ways, induce DNA damage, perturbation of mito-
chondrial activity, cell division and metabolism, oxy-
dative stress, decreased capacity antioxidant defen-
se, causes cell death by necrosis and apoptosis,
inflammatory response modification activity of efflux
ABC transporters or enzymes, the aterations of mem-
brane protein cell [35-39].

Secondly, about kidney alteration, our results showed
that pesticides mixture caused kidney toxicity magni-
fied by high number of denaturing and even denatu-
ring proximal and distal tubes, multiple zones of
leukocytic infiltrates, blood congestion and hemor-
rhagic glomerulus, swelling of the glomerulus and
denatured glomerulus. These observations are indica-
tive of inflammation kidney insufficiency [40,41].
Kidney biochemical results confirmed histological fin-
dings. Indeed, exposureto pesticides mixture caused
a significant increase in serum creatinine levels.
These findings might indicate degenerative and necro
-tic changes in kidney structure, decreased glome-
rular filtration, accompanied by renal dysfunction and
insufficiency [42,43]. The low level in serum urea, uric
acid, and potassium might be explained by increased
nitrogen base degradation or by impaired renal func-
tion and hepatic insufficiency [44]. Decreased total
proteins content in rat blood might indicate protein
catabolism and renal impairment and dysfunction
[45]. Our results are in accordance with several
studies on a variety of pesticides mixtures [46-52].

Conclusion

Results of the present study demonstrate the chronic
toxic effect of six pesticides mixture: Chloroperiphos-
methyl, Deltamethrin, Methidathion, Cypermethrin,
Acetamiprid, and Abamictin, administered orally for 7
months to females Wistar rats, at ADI and ADIx2, on
biochemical, hematological and histological parame-
ters of liver and kidney tissues. Pesticides mixture at
ADI shows severe damage to structure and function
of liver and kidney. At ADIx2 dose, more severe
effects are noted and cause notable changes and
damages in liver and kidney histology by several

forms of inflammation, denaturation, and necrosis of
cells and tissues, showing direct impacts on functio-
ning and metabolism of the both organs by a signi-
ficant change in biochemical and haematological para
-meters. Hence, mixture of six pesticides types is
toxic at ADIx2, even at ADI, which represents the
security dose of one pesticide, but in a mixture, this
dose causes harmful effects on structure and func-
tion of liver and kidney in Wistar rats.

Acknowledgments

We would like to thank Dr Djamel Afrouni, Director of
the Central Laboratory of Hadjout Hospital (Tipaza),
and Pr Amir, Head of Histopathology Department at
Mustapha Bacha Hospital (Algiers).

Conflict of interests

The authors declare that they have no conflict of
interests.

References

1. Zhu J.,, Wang J., Ding Y., Liu B., Xiao WA.Systems-
level approach for investigating organophos-
phorus pesticide toxicity. Ecotoxicol Environ
Safety 2018;149: 26-35.

2. Ensley S., Pesticides and Herbicides. Edition Ency
-clopedia of Food and Health, (2nd ed., Vol.
2). 2016; p.307-10.

3. Gupta PK. Fundamentals of Toxicology: Essential
Concepts and Applications. Academic Press
(1sted., Vol. 1). India: Mica Haly.2016; p.124-
220.

4. Karasali H., Maragou N. Pesticides and Herbici-
des: Types of Pesticides. Food Health;Editors:
Benjamin Caballero, Paul M. Finglas and Fidel
Toldra(1st ed., Vol. 1). USA.2016; p.319-25.

5. Costa LG., Aschner M. Toxicology of Pesticides.
USA Biomed Sci ; (2nd ed., Vol. 1),2014, p.1-9.

6. Bolognesi C., Merlo FD. Pesticides: Human
Health Effects. Earth Systems and Environmental
Sciences. Ed., Encyclopedia of Environmental
Health, Elsevier, Burlington. (Vol. 1).2011,p. 438-
53.

7. Neghab M., Jalilian H., Taheri S., Tatar M., Haji
Zadeh Z. Evaluation of hematological and bioche
-mical parameters of pesticide retailers following
occupational exposure to a mixture of pestici-
des. Life Sci 2018;202: 182-7.

8. Blair A,, Ritz B., Wesseling C., Beane Freeman L.

127


https://pubmed.ncbi.nlm.nih.gov/?term=Neghab+M&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Jalilian+H&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Taheri+S&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Tatar+M&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Haji+Zadeh+Z&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Haji+Zadeh+Z&cauthor_id=29660432
https://pubmed.ncbi.nlm.nih.gov/?term=Haji+Zadeh+Z&cauthor_id=29660432

Environnement et Santé

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pesticides and human health. Occupational Envi-
ron Med 2014;72(2): 81-2.

Rizzati V., Briand O., Guillou H., Gamet-Payrastre
L. Effects of pesticide mixtures in human and
animal models: An update of the recent litera-
ture. Chemico-Biologic Interact 2016;254: 231-
46.

Picd Y. Pesticides and Herbicides: Residue Deter-
mination. Edition Encyclopedia of Food and
Health (1st ed., Vol. 1). 2016; p.311-8.

Saltmarsh M. Food Safety: Pesticides. Human
Nutrition (Third Edition). USA. 2013; p.347-52.
Hodgson E., Meyer SA. Pesticides and Hepato-
toxicity. Editors: Charleen A. McQueen. Vol.2.
2014; 24-95.

Fortes C., Aprea C. Cancer Risks from Residential
Exposure to Pesticides. Earth Systems and Envi-
ronmental Sciences. Environ Health 2011; 489-
97.

Rani L., Thapa K., Kanojia N., Sharma N., Singh S.,
Grewal AS., Kaushal J. An extensive review on
the consequences of chemical pesticides on
human health and environment. J Cleaner
Production 2021;28(3): 124-657.

Hernandez AF., Parrén T., Tsatsakis AM., Reque-
na M., Alarcén R., Lépez-Guarnido O. Toxic
effects of pesticide mixtures at a molecular level:
Their relevance to human health. Toxicology
2013;307: 136-45.

Seeger B., Mentz A., Knebel C. Assessment of
mixture toxicity of (tri)azoles and their hepa-
totoxic effects in vitro by means of omics tech-
nologies. Arch Toxicol 2019;93(8): 2321-33.
FAO/WHO. Codex Alimentarius Commission on
Food Standards. Committee on Pesticide Resi-
dues: Pesticide Residues in Food and Feed. CX /
PR 00/5 2000.

Romero-Sarmiento Y., Soto-Rodriguez I., Arza-
ba-Villalba A., Garcia HS., Alexander-Aguilera A.
Effects of conjugated linoleic acid on oxidative
stress in rats with sucrose-induced non-alcoholic
fatty liver disease. J Functional Foods 2012;4(1):
219-25.

Polanco Rodriguez AG., Riba Lépez MI., DelValls
Casillas TA., Araujo Ledn JA., Mahjoub O., Prusty
AK.Monitoring of organochlorine pesticides in
blood of women with uterine cervix environ-
menttalcancer. Environ Pollution 2016; 1-10.
Nougadére A., Merlo M., Héraud F., Réty J., Tru-
chot E., Vial G., Leblanc JC. How dietary risk
assessment can guide risk management and
food monitoring programmes: the approach and
results of the French observatory on pesticide

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

128

residues (ANSES/ORP). Food Control 2014;41:
32-48.

Jaga K., Dharmani C. Sources of exposure to and
public health implications of organophosphate
pesticides. Rev Panam Salud Publica 2003;14:
171-85.

Moser VC., Padilla S., Simmons JE., Haber LT.,
Hertzberg RC. Impact of Chemical Proportions on
the Acute Neurotoxicity of a Mixture of Seven
Carbamates in Preweanling and Adult Rats.
Toxicol Sci 2012;129(1): 126-34.

Kobatake K., Kato M., Mita K. Advanced testi-
cular cancer associated with life-threatening
tumour-lysis syndrome and choriocarcinoma
syndrome. Can Urol Assoc J 2015;9(1): 62-4.
Waseem M., Pandey P., Tomar B., Raisuddin S.,
Parvez S. Ameliorative Action of Curcumin in
Cisplatin-mediated Hepatotoxicity: An In Vivo
Study in Wistar Rats. Arch Medical Res 2014;45
(6): 462-8.

Sathiavelu J., Senapathy GJ., Devaraj R., Nama-
sivayam N. Hepatoprotective effect of chrysin on
prooxidant-antioxidant status during ethanol-
induced toxicity in female albino rats. J Pharma-
cy Pharmacol 2009;61(6): 809-17.

Jadon A., Bhadauria M., Shukla S. Protective
effect of Terminalia belerica Roxb. And gallic acid
against carbon tetrachloride induced damage in
albino rats. J Ethnopharmacology 2007;109(2):
214-8.

Abdelhadya DH., EI-Magd MA., Elbialy ZI., Saleh
AA. Bromuconazole-induced hepatotoxicity is
accompanied by upregulation of PXR/CYP3A1l
and downregulation of CAR/CYP2B1 gene
expression. Toxicol Mechan Meth 2017;27(7):
544-50.

lkeda M., Yamakawa K., Saoo K., Matsuda Y.,
Hosokawa K., Takeuchi H., Imaida K. Induction of
multiple granulomas in the liver with severe
hepatocyte damage by montan wax, a natural
food additive, in a 90-day toxicity study in F344
rats. Food Chem Toxicol 2008;46(2): 654-61.
Bruno M., Moore T., Nesnow S., Ge Y. Protein
Carbonyl Formation in Response to Propiconazo-
le-Induced Oxidative Stress. J Proteome Res 2009
;8(4): 2070-8.

Attia AM., Nasr HM. Dimethoate-induced chan-
ges in biochemical parameters of experimental
rat serum and its neutralization by black seed
(Nigella sativa L.) oil. Slovak J Anim Sci 2009; 42
(2): 87-94.

Yang JD., Liu SH., Liao MH., Chen RM.,, Liu PY,,
Ueng TH. Effects of tebuconazole on cytochrome



Environnement et Santé

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

P450 enzymes, oxidative stress, and endocrine
disruption in male rats. Environ Toxicol 2018; 33
(8): 899-907.

Celik I., Temur A. Determination hematotoxic
and hepatotoxic effects of trichloroacetic acid at
sublethal dosage in rats. Food Chem Toxicol
2009;47(6): 1324-6.

Cicmanec J. 90-Day toxicity study of dichloroace-
tate in dogs*1. Fundam Appl Toxicol 1991;17(2):
376-89.

El-kholy TA., Hassanen NHM., Abbas HY. Protec-
tion of the Mushroom (shiitake “Lentinus-
edodes) against Carbon-tetrachloride induced
renal injury in rats. Life SciJ 2013;10(1): 1701-8.
Ivanovi¢-Mati¢ S., Poznanovi¢ G., Grigorov .,
Dini¢ S., Mihailovi¢ M., Grdovi¢ N.,Bogojevi¢ D.
The organophosphate-induced acute-phase res-
ponse is characterized by synthesis of al-acid
glycolprotein that exhibits an immunomo-
dulatory effect. J Appl Toxicol 2007;28(1): 63-71.
L'Héritier F., Marques M., Fauteux M., Gaudreau
L. Defining Molecular Sensors to Assess Long-
Term Effects of Pesticides on Carcinogenesis. Int
J Molec Sci 2014;15(9): 17148-61.

Kambo SS., Kumar V., Kamboj A., Sandhir R.
Mitochondrial Oxidative Stress and Dysfunction
in Rat Brain Induced by Carbofuran Exposure.
Cell Molec Neurobiol 2008;28(7): 961-9.

Zuryn S., Kuang J., Ebert P. Mitochondrial Modu-
lation of Phosphine Toxicity and Resistance in
Caenorhabditiselegans. Toxicol Sci 2007;102(1):
179-86.

Walker CH. Biochemical biomarkers in ecotoxico-
logy — some recent developments. Sci Total
Environ 1995;171(1-3): 189-95.

Ben Saad H., Feki A., Boudawara O., Hakim A.,
Ben Amara I. Effects of selenium on tebuconazo-
le-induced hepatotoxicity in adult rats. J Phar-
macogn Phytochem 2017;6(6): 105-9.

Zhou X., Wang F., Zhou R., Song X., Xie M. Api-
genin: A current review on its beneficial biolo-
gical activities. J Food Biochem 2017; 41(4).
El-Nekeety AA., El-Kady AA., Soliman MS., Has-
san NS., Abdel-Wahhab MA. Protective effect of
Aquilegia vulgaris (L.) against lead acetate-indu-
ced oxidative stress in rats. Food Chem Toxicol
2009;47(9): 2209-15.

Ghasemnejad-Berenji M., Nemati M., Pourhey-
dar B., Gholizadeh S., Karimipour M., Mohebbi I.,

44,

45.

46.

47.

48.

49.

50.

51.

52.

129

Jafari A. Neurological effects of long-term expo-
sure to low doses of pesticides mixtures in male
rats: biochemical, histological, and neurobeha-
vioral evaluations. Chemosphere 2020;35: 161-
73.

Chaabane M., Koubaa M., Soudani N., Elwej A,
Grati M., Jamoussi K., et al. Nitrariaretusa fruit
prevents penconazole-induced kidney injury in
adult rats through modulation of oxidative stress
and histopathological changes. Pharm Biol 2017,
55:1061-73.

Abdel-Wahhab MA., Abdel-Azim SH., EI-Nekeety
AA. Inulacrithmoides extract protect against
ochratoxin A-induced oxidative stress, clastoge-
nic and mutagenic alterations in male rats.
Toxicon 2008;52: 566-73.

Ojha A, Srivastava N. Redox imbalance in rat tis-
sues exposed with organophosphate pestici-des
and therapeutic potential of antioxidant vita-
mins. Ecotoxicol Environ Saf 2011;75 (1): 230-41.
Takakura N., Sanders P., Fessard V. Le Hégarat L.
In vitro combined cytotoxic effects of pesticide
cocktails simultaneously found in the French
diet. Food Chem Toxicol 2013;52: 153-62.

Josse R., Sharanek A., Savary CC., Guillouzo A.
Impact of isomalathion on malathion cytotoxicity
and genotoxicity in human HepaRG cells. Chemi-
co-Biologic Interact 2014;209: 68-76.

Svingen T., Ramhgj L., Mandrup K., Christiansen
S., Axelstad M., Vinggaard AM., Hass U. Effects
on metabolic parameters in young rats born with
low birth weight after exposure to a mixture of
pesticides. Scientific Rep 2018; 8(1).

Sergievich AA., Khoroshikh PP., Artemenko AF.,
Zakharenko AM., Chaika VV., Kodintsev VV., et
al. Behavioral impacts of a mixture of six
pesticides on rats. Sci Total Environ 2020; 727:
138-491.

Crépet A., Héraud F., Béchaux C., Gouze ME.,
Pierlot S., Fastier A., Cravedi JP. The PERICLES
research program: An integrated approach to
characterize the combined effects of mixtures of
pesticide residues to which the French popula-
tion is exposed. Toxicology 2013;313(2-3): 83-93.
Savary CC., Jossé R., Bruyere A., Guillet F., Robin
MA., Guillouzo A. Interactions of Endosulfan and
Methoxychlor Involving CYP3A4 and CYP2B6 in
Human HepaRG Cells. Drug Metabolism Disposi-
tion 2014;42(8): 1235-40.



