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ABSTRACT
Most of the pesticides can be used with little risk if label directions were followed, while some are
extremely toxic and require special precautions. This study aimed to determine the patho-biochemical
toxicity of short-term exposure to repeated low oral doses of malathion, metalaxyl and cymoxanil
pesticides on male rats. Results of the present study demonstrated that low doses of malathion, metalaxyl
and cymoxanil pesticides was asymptomatic and mostly showed insignificant histopathological changes
in treated rats. The observed values of biochemical enzymes with these low-doses were near to the control
ones, whereas medium and high doses treated rats exhibited adverse signs and symptoms of toxicity. The
results also depicted that cymoxanil was the most toxic of the tested pesticides, followed by Malathion
and metalaxyl. The obtained histological lesions were correlated with the increased level of biochemical
enzymes in target organs. Additionally, hepatotoxicity and nephrotoxicity were obvious in rats treated
with cymoxanil, meanwhile, neuronal and pulmonary changes were nearly the same in all doses of the
used pesticides. Taken together, our study recommends examining pesticides for their possible adverse
effects on animals and humans in case of repeated use, even in small doses, before their application to
agricultural fields.

INTRODUCTION

P

esticides are natural or synthetic compounds used
to control plant diseases and pests and they can be
classified according their application into herbicides,
insecticides and fungicides (Fantke and Juraske, 2013; Sun
et al., 2019). Pesticides can cause intoxication through skin
contact, ingestion, or inhalation and their risk is to produce
harmful effects and even fatality to human (Zuskin et al.,
2008). However, great efforts have been spent to produce
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pesticides of lower risk to human and animals and of low
environmental hazards than the currently used pesticides,
it seems difficult to get rid of all pesticides with toxic
effects due to its importance in some specific purposes and
due to inability to provide safe substitutions (Han et al.,
2017). Some pesticides are dangerous after single dose and
others can be dangerous after repeated doses (Zuskin et
al., 2008; Aardema et al., 2008). Nowadays the emerging
problem is the hazards of long-term and low-dose effects
of pesticides on human and animals due to its excessive
use (Liu et al., 2014). Among others, malathion is the most
commonly used pesticide in a vast manner throughout the
world to control pests of crops, livestock, ornamentals,
stored grain, buildings, households and gardens (Hazarika
et al., 2003). Metalaxyl is a systemic, benzenoid fungicide
used in mixtures as a foliar spray for wide range of fungal
pathogens of fruits and crops by inhibition of mycelial
growth and spore formation of these fungi (Urech et al.,
1977). In addition, cymoxanil is abroad spectrum and
systemic fungicide has a protective and curative effects
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against a wide range of fungal diseases in crops (Fazilat et
al., 2017). It is noteworthy to state that malathion, metalaxyl
and cymoxanil can cause a biochemical and histological
alterations on humans and animals (Okdah, 2005). The best
ways to determine and evaluate the toxicity of different
organophosporus compounds (OP) are the assessment of
biochemical parameters alterations and histopathological
changes in tissues and organs (Ghanem et al., 2006). It is
well known that, the assessment of blood enzyme activity
is more sensitive measure of toxicity and takes shorter time
than histopathological examination; meanwhile, the tissue
alterations are considered a confirmatory and supporting
diagnostic tool (Huang et al., 2019). Given the above
information, this study was carried out to study the pathobiochemical toxicity of short-term exposure to repeated
low oral doses of malathion, metalaxyl and cymoxanil in
male rats.

MATERIALS AND METHODS
Ethical statement
The ethical approval was performed as described by
the ethical standards of Veterinary Medicine, Kafrelsheikh
University, Egypt, and which complies with all relevant
Egyptian legislations.
Chemical
Malathion 99% was applied (Prochem Co. Ltd.,
Warsaw, Poland), metalaxyl is a colorless, odorless
crystal, was provided by Ciba-Geigy Corporation and
Cymoxanil tech, off white powder, was provided by Saturn
Agrochemical Inc, Shenzhen, Guangdong, China.
Animals
Forty adult male SD rats weighing 100–120 g were
obtained from faculty of medicine, Tanta University and
acclimatized for one week prior to the experiment. All
Rats were housed in polypropylene cages under standard
conditions of 12 h light/dark cycle; at 22 ± 2◦ temperature
and 30–70% relative humidity. Rats were well ventilated,
standard rat feed and water were provided ad libitum
(Korsrud et al., 1972).
Animal treatment
Rats were divided into 9 treated groups and one
control group (4 rats in each group). Each 3 treated groups
of rats received a diet containing low dose (0.5mg/kg/
day), medium dose (1mg/kg/day), and high dose (2mg/kg/
day) of Malathion, metalaxyl and cymoxanil respectively
dissolved in almond oil for successive 21 days. Control
group rats were fed normal diet containing equal amount
of almond oil. Clinical signs and mortality of the rats

were observed once per hour for 6 h after dosing and once
daily thereafter. The body weights were measured once
a week during the whole observation period. All animal
studies were approved by our Institutional Animal Ethics
Committee.
Histopathological examination
At the end of the study, all the animals were
anesthetized and sacrificed. Postmortem examination was
performed and lesions were recorded. Specimens from all
organs especially liver, brain, kidneys, lungs and testis
were taken and kept in 10% neutral buffered formalin
for histopathological examination. Specimens were then
dehydrated in ascending grades of alcohols, cleared in
xylene, embedded in paraffin wax, sectioned at 4µm,
stained with hematoxylin and eosin (HE), and examined
by light microscope (Bancroft and Gamble, 2008).
Biochemical determinations
Blood samples were taken shortly before sacrifice,
under anesthesia by cardiac puncture, in vials without
anticoagulant. Serum was obtained by centrifuging the
blood at 3000 rpm for 5 min and kept at −20 oC until be
used. Liver, brain and kidneys of both treated and control
rats were quickly separated on ice cold 0.8 M sucrose
containing 1mM phenyl methane sulphonyl fluoride
(PMSF) using Miccra D-1-high speed tissue homogenizer
to make 10% homogenate (w/v). The homogenate was then
centrifuged at 10 000× g for 10 min at 4 oC. The supernatant
was used as enzyme source. Aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), alkaline
phosphatase (ALP) and Creatinine were determined
from the serum and supernatant of the homogenate of
liver and kidneys as mentioned elsewhere (Reitman and
Frankel, 1957; Barham and Trinder, 1972). The activity of
Acetylcholinesterase (AChE) was determined according
to the method described (Ellman et al., 1961; Rahman et
al., 2000).
Statistical analysis
The statistical analysis of the treatment was performed
by one-way ANOVA using SPSS statistical software
package for windows version 11.0. Duncan’s multiplerange test was used to find out the group effects. P≤0.05
was set as limit of significance.

RESULTS
Clinical signs and postmortem examination
There was no significant difference in daily activity,
clinical observation, body weight and water and food
consumption between the treated groups with (low,

13

Effects of Repeated Low Oral Doses of Malathion, Metalaxyl on Cymoxanil

medium and high) of Malathion, low and medium dose of
both metalaxyl and cymoxanil and the respective control
groups. However, shortly before the end of the experiment,
rats treated with high dose of metalaxyl exhibited transient
hypo-activity and rats treated with high dose of cymoxanil
showed lethargy, dullness, incoordination, reduced body
weight and feed intake, but the loss of weight was not
significant. No deaths occurred throughout the study
period in the treated groups. Furthermore, no macroscopic
visible changes were found in organs of treated rats during
postmortem examination.

Fig. 1. Histological structure of rat liver (A and B) Effect
of low dose of malathion and metalaxyl showing, slight
congestion and dilation of the hepatic sinusoids. (C) Effect
of low dose of cymoxanil showing slight sinusoidal cell
activation with pregranuloma formation (arrow). (D) Effect
of medium dose of malathion showing marked cytosolic
hydrops with vacuolated cytoplasm of the hepatocytes
(arrow). (E) Effect of medium dose of metalaxyl showing
perivascular focal collection of mononuclear cells
(arrow). (F) Effect of medium dose of cymoxanil showing
haemorrhages in the hepatic parenchyma (arrow). (G
and H) Effect of high dose of malathion, metalaxyl and
cymoxanil showing hepatocellular necrosis (arrows).
Stain: H and E. Magnification bar: 50 µm.

Histopathological changes in the liver
Rats treated with low dose of Malathion and
metalaxyl showed slight congestion and dilatation of the
hepatic sinusoids which were similar to that found in the
control rats (Fig. 1A, B). Meanwhile, those rats treated
with low dose of cymoxanil showed slight sinusoidal cell
activation with pregranuloma formation (Fig. 1C). Liver
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of rats treated with medium dose of malathion showed
marked cytosolic hydrops with vacuolated cytoplasm of
the hepatocytes (Fig. 1D), while liver of rats treated with
medium dose of metalaxyl showed moderate inflammatory
reaction in the form of focal collection of mononuclear cells
within the hepatic parenchyma and in the portal triad (Fig.
1E). Moreover, some areas of the hepatic lobules appeared
with slight fatty changes and apoptosis, but rats treated
with medium dose of cymoxanil showed focal hepatocytic
necrosis with moderate infiltration of mononuclear cells
and haemorrhages in the hepatic parenchyma (Fig. 1F). On
the other hand, rats treated with high doses of malathion
showed granuloma like reaction with focal collection of
kupffer cells and focal hepatocellular coagulative necrosis
(Fig. 1G); meanwhile liver of rats treated with high dose
of metalaxyl and cymoxanil showed extensive piecemeal
necrosis and the hepatocytes were lost their normal
architecture with infiltration of mononuclear cells in the
margin and within the necrosed areas (Fig. 1H, I).
The histopathological changes in the brain
There were no obvious changes recorded in the brain of
rats treated with malathion and metalaxyl at low dose (Fig.
2A, B), but rats treated with low dose of cymoxanil showed
slight lymphocytic perivascular infiltration (perivascular
cuff) (Fig. 2C). Rats treated with medium dose of malathion
showed neuronal cell degeneration and few hemorrhagic
areas in the brain tissue (Fig. 2D), while rats received
medium dose of metalaxyl exhibited slight spongiosis (Fig.
2E) and slight spongiosis and scattered focal collections
of glial cells forming Babe’s bodies was observed in rats
treated with medium dose of cymoxanil (Fig. 2F). Brain
lesions became more pronounced in the rats treated with
high dose of all three pesticides, represented by moderate
perivascular edema, cerebral hemorrhages and features of
focal early malacia in the cerebral cortex in malathion treated
rats (Fig. 2G). Obvious cerebral spongiosis and gliosis
was reported in rats treated with metalaxyl (Fig. 2H) and
cerebral liquifactive necrosis (malacia) with newly formed
blood capillaries in rats treated with cymoxanil (Fig. 2I).
The histopathological changes in the kidneys
Rats treated with malathion and metalaxyl in low
dose did not show any changes which is similar to that of
the control rats (Fig. 3A, B), meanwhile, those treated with
low dose of cymoxanil showed slight interstitial nephritis
with intertubular infiltration of mononuclear cells (Fig.
3C). Kidneys of rats treated with medium dose of malathion
and metalaxyl showed slight vacuolar degenerative
changes in the renal tubules lining epithelium (Fig. 3D, E),
but rats treated with medium dose of cymoxanil exhibited
slight interstitial nephritis with intertubular infiltration
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of mononuclear cells (Fig. 3F). More severe changes
were observed in the kidneys of all groups, marked
interstitial nephritis and plugging of renal tubules lumens
with proteinaceous casts in malathion treated rats (Fig.
3G), cloudy swelling degeneration was observed in the
epithelial lining of the renal tubules forming star shape like
lumens in metalaxyl treated rats (Fig. 3H). Meanwhile,
rats treated with high dose of cymoxanil showed marked
renal changes in the form of severe interstitial nephritis
and thickening and sclerosis of the Bowman’s capsule and
the surrounding renal tubules (Fig. 3I).

Fig. 2. Histological structure of rat brain. (A and B) Effect
of low dose of malathion and metalaxyl showing normal
structure. (C) Effect of low dose of cymoxanil showing
slight perivascular lymphocytes infiltration (arrows). (D)
Effect of with medium dose of malathion showing neuronal
cell degeneration (arrow). (E) Effect of medium dose of
metalaxyl showing slight spongiosis (arrow). (F) Effect of
medium dose of cymoxanil showing focal collections of
glial cells forming Babe’s bodies (arrows). (G) Effect of high
dose of malathion showing focal cerebral malacia (arrow).
(H) Effect of high dose of metalaxyl showing cerebral
spongiosis and gliosis (arrow). (I) Effect of high dose of
cymoxanil showing cerebral liquifactive necrosis (malacia)
(arrow). Stain: H and E. Magnification bar: 50 µm.

The histopathological changes in the lungs
There were no microscopic changes observed in the
lungs of rats treated with malathion and metalaxyl at low
dose level and lungs showing the same architecture which
is similar to that of control ones (Fig. 4A, B), but rats treated
with low dose of cymoxanil showed slight perivascular
mononuclear cells infiltration (Fig. 4C). On the other

hands, rats treated with malathion medium dose lungs
showed interstitial pneumonia with marked thickening in
the interalveolar septa (Fig. 4D), while those treated with
medium dose of metalaxyl and cymoxanil exhibited slight
interstitial pneumonia (Fig. 4E) and moderate interstitial
pneumonia (Fig. 4F), respectively. In addition, there were
marked bronchopneumonia with massive peribronchial
infiltration of mononuclear cells (Fig. 4G) in rats treated
with high dose of the three chemicals. Furthermore, light
interstitial pneumonia (Fig. 4H) was observed in rats
treated with high dose of malathion, while those treated
with high dose of metalaxyl and cymoxanil exhibited
marked interstitial pneumonia with pneumocyte type II
hyperplasia (Fig. 4I).

Fig. 3. Histological structure of rat kidney. (A and B)
Effect of low dose of malathion and metalaxyl showing
normal structure. (C) Effect of low dose of cymoxanil
showing, slight interstitial mononuclear cells infiltration
(arrow). (D and E) Effect of medium dose of malathion and
metalaxyl showing slight vacuolar degenerative changes
in the renal tubules lining epithelium (arrows). (F) Effect
of medium dose of cymoxanil showing slight interstitial
nephritis (arrow). (G) Effect of high dose of malathion
showing marked interstitial nephritis (arrow). (H) Effect
of high dose of metalaxyl showing cloudy swelling in the
epithelial lining of the renal tubules (arrows). Stain: H and
E. Magnification bar: 50 µm.

The histopathological changes in the testis
No pathological changes were detected in
seminiferous tubules and interstitial tissue in rats treated
with low dose of malathion, cymoxanil and to low,
medium, high dose of metalaxyl. The seminiferous tubules
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appeared uniform in size and shape and they were lined by
arranged rows of spermatogenic cells in different stages
of maturation. Spermatogenic cells and sertoli cells in the
seminiferous tubules were observed in normal structure.
Leydig cells and blood vessels were found in the interstitial
connective tissue between the tubules (Fig. 5A). Rats
treated with medium dose of malathion and cymoxanil
showed decrease in the number of spermatogenic cells in
the seminiferous tubules (Fig. 5B) and interstitial edema
(Fig. 5C), respectively. Meanwhile, rats treated with high
dose of malathion revealed marked vacuolation in the
cytoplasm of sertoli cells (Fig. 5D) and those rats treated
with high dose of cymoxanil showed massive necrosis in
the lining epithelium of seminiferous tubules with marked
interstitial oedema (Fig. 5E).
Fig. 5. Histological structure of rat testis. (A) Effect of low
dose of malathion, (low, medium, high) dose of metalaxyl
and low dose of cymoxanil showing normal structure. (B)
Effect of medium dose of malathion showing decrease in
the number of spermatogenic cells in the seminiferous
tubules (arrows). (C) Effect of medium dose of cymoxanil
showing interstitial oedema (triangle). (D) Effect of high
dose of malathion showing necrosis of spermatogenic
layers and marked vacuolation in the cytoplasm of sertoli
cells (arrows). (E) Effect of high dose of cymoxanil
showing, massive necrosis in the lining epithelium of
seminiferous tubules (arrows) with marked interstitial
oedema (triangle). Stain: H and E. Magnification bar: 50
µm.

Fig. 4. Histological structure of rat lung. (A and B) Effect
of low dose of malathion and metalaxyl showing normal
structure. (C) Effect of low dose of cymoxanil showing
slight interstitial mononuclear cells infiltration (arrow).
(D) Effect of medium dose of malathion showing marked
thickening in the interalveolar septa (arrow). (E) Effect
of medium dose of metalaxyl showing slight interstitial
pneumonia (arrow). (F) Effect of high dose of malathion
showing more marked interstitial nephritis (arrow).
(G) Effect of high dose of malathion showing, massive
peribronchial infiltration of mononuclear cells (arrow).
(H) Effect of with high dose of metalaxyl showing slight
interstitial pneumonia (arrow). (I) Effect of high dose of
cymoxanil showing marked interstitial mononuclear cells
infiltration (triangle) and pneumocyte type II hyperplasia
(arrows). Stain: H and E. Magnification bar: 50 µm.

Effects on liver function
The obtained data showed that treated rats with
malathion at low and medium dose and metalaxyl at low
dose group did not show any changes in the AST, ALT
and ALP activity which is similar to that of control ones.
The activity was slightly increased in rat groups treated
with high dose of malathion, medium dose of metalaxyl
and low dose of cymoxanil. Rats treated with high dose of
metalaxyl and medium dose of cymoxanil showed higher
activity of liver enzymes and the activity was markedly
increased in those rats treated with high dose of cymoxanil
(Table I).
Effect on brain function
Low dose of malathion and cymoxanil slightly
decreased the ACHE activity but nearly the same like
control rats. However, low dose of cymoxanil showed
more decrease in ACHE activity. The three chemicals
showed medium decrease in the activity at medium
dose level, but higher doses of malathion and metalaxyl
exhibited slightly decrease but cymoxanil showed sharp
decrease in the activity of ACHE (Table I).
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Table I. Biochemical changes in male rats treated with repeated low oral doses of malathion, metalaxyl and cymoxanil
pesticides.
Parameter Control

0.5 mg/kg/day
Malathion

Metalaxyl

1 mg/kg/day
Cymoxanil

Malathion

Metalaxyl

2 mg/kg/day
Cymoxanil

Malathion Metalaxyl

Cymoxanil

AST (U/ml) 13.44±0.59 13.58±1.15

13.91±0.98 17.36±0.92

13.98±1.39 16.34±0.92 18.25±1.60

14.98±0.89 18.06±1.15 25.51±1.46a

ALT (U/ml) 17.76±0.46 17.66±1.52

16.68±1.39 23.96±1.76

17.97±1.01 20.21±0.99 22.75±1.98

21.39±1.82a 24.74±1.61a 33.28±1.02a

ALP
(U/100ml)

d

c

d

ACHE

c

c

c

d

c

b

b

b

b

b

b

a

a

2.79±0.70d

2.89±0.66b

3.16±0.65b

4.15±0.48c

3.16±0.14a

3.16±0.67b

4.54±0.83b

3.17±0.01a 4.51±0.54a

5.36±0.50a

0.95×10±0.05a

0.87×104
±0.01b

0.72×104
±0.06b

0.88×104
±0.01a

0.75×104
±0.01a

0.75×104
±0.03b

0.75×104
±0.04b

0.67×104
±0.02a

0.37×104
±0.07c

4

0.65×104
±0.04c

Creatinine 0.32±0.021c 0.34±0.020b 0.27±0.006b 0.77±0.009b 0.35±0.013b 0.27±0.025b 0.78±0.016b 0.45±0.019a 0.35±0.021a 0.95±0.016a
(Mg/di)
All data was expressed as mean ± S.D (number of replicates=3). Means within the same column (in each parameter) carrying different superscripts (a, b,
c, d) is significantly different (p <0.05).

Effects on kidneys function
Creatinine level was similar to that of control in rats
treated with low dose malathion and low and medium dose
of metalaxyl. On the other hand, the level of creatinine
increased in rats treated with low dose of cymoxanil,
medium dose of malathion and high dose of metalaxyl.
The creatinine level was severely increased in rats treated
with high dose of malathion and cymoxanil (Table I).

DISCUSSION
Investigation the adverse effects of chemical pollutants
and pesticides are considered one of major concern for
human health. The present study provides interesting
data in relation to the patho-biochemical toxic effects of
the repeated low oral doses of Malathion, Metalaxyl and
Cymoxanil Pesticides on male rats. In the present study, no
treatment-related differences or clinical signs were found
between treated rats with malathion in all doses, metalaxyl
and cymoxanil at low and medium doses and controls
during the study period. It seems that the used doses gave
an indication about the no observed effect level (NOEL)
as the rats were asymptomatic. However, appearance of
clinical signs of toxicity at the end of the experiment in
the high dose treated rats with metalaxyl and cymoxanil is
an interesting finding that reflects the changes in enzyme
activities occurred after accumulation of large amount of
the toxicants which resulted in stress condition of these
chemicals on rats, which is in agreement with several
previous studies (Rahman et al., 2000; Awal and Malik,
1992). No deaths occurred throughout the study period in
the all treated rat groups and no treatment-related gross
changes in organs were seen at necropsy.
In accordance with the histopathological changes,
the present study revealed that liver appeared normal in
lobulation and arrangement of hepatic cords in rats treated

with low dose of malathion and metalaxyl. Inflammatory
reaction in the liver parenchyma and portal triad, fatty
changes and hepatic necrosis were observed in rats
treated with high doses of the three studied chemicals,
indicating dose dependent toxicity, which is correlated
with the increased level of liver enzymes that rendered to
subchronic liver damage. These results are in agreement
with some previous reports (Sayim, 2007; Kim et al., 2008;
Singh et al., 2013; Toś-Luty et al., 2003), who found that
exposing male Wistar rats to a single dose of malathion,
caused degenerative changes in the liver in the form of
parenchymatous degeneration. In addition, a previous
study noticed congestion of blood vessels, increased in
number of Kupffer cells, cellular infiltration and hydropic
degeneration in liver of male rats treated with metalaxyl
(Okdah, 2005). We assumed that these lesions may arise
from the toxic effect of the high doses of these chemicals,
which disturbs the detoxification mechanisms of the liver
and induces an inflammatory response comparable with
the dose of the all three compounds dosed (Gokcimen et
al., 2007; Lee et al., 2016; Yehia et al., 2007). It is well
known that; liver is the primary organ concerned with
detoxification in the body that acts through p450 mediated
enzymatic catalysis. Clearly, it seems that cymoxanil, like
several other pesticides, adversely affects the cytochrome
P450 system or the mitochondrial membrane transport
system of hepatocytes that induced liver damage and
cell death in the treated rats with high dose of malathion,
metalaxyl and cymoxanil. This led to inhibition of the p450
-mediated biocatalysis which is in agreement with some
previous reports (Gokcimen et al., 2007; Guengerich and
Avadhani, 2018; He et al., 2020). We suggest that the high
dose of the used chemicals led to reduction in antioxidant
enzymes activities resulted in oxidative damage of the liver
tissue, particularly in rats treated with metalaxyl (Nakatani
et al., 2000).
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Brain is a highly susceptible organ for toxicity, because
it contains relatively low levels of the anti-oxidative stress
enzymes and in part because of its high myelin-associated
contents, making it vulnerable to the propagation of
peroxidative process (Savolainen, 1978). As depicted in
our results, brain showed no histopathological changes
in groups of rats treated with low dose of malathion and
metalaxyl which is similar to brain of control group.
Histopathological changes became more severe in other
treated groups with medium and high dose of malathion
and metalaxyl and in all groups treated with cymoxanil.
The noticed changes indicated that the brain damage was
nearly dose dependent in the rats treated with all the toxic
materials. In the present study, the low dose exposed rats
were mostly asymptomatic, but medium and high dose
treated rats exhibited signs and symptoms of toxicity
(Cheng et al., 2020). Many pesticides cause neurotoxicity
and they kill insects by targeting their nervous system
besides reported neurotoxic effect in mammals (Ahmed
et al., 2020). It seems that the used pesticides interfere
with chemical neurotransmission or ion channels, and
cause reversible neurotoxic effects such as neuritis and
gliosis, which is consistent with several previous reports
(Eddleston et al., 2002; Gunnell et al., 2007). The noticed
spongiosis could be attributed to the loss or damage of
myelin sheath which is a substance encloses nerves and
formed from fats and proteins that helps in transmitting
signals along the nerves (Lotti and Johnson, 1978; Stacey
et al., 2004).
To author’s knowledge, renal clearance of chemicals
through glomerular filtration is time-dependent and it
depends on their physiochemical properties. In this concern,
particles of 7 nm or above usually cannot pass through the
glomerular endothelial cells, and hence are not cleared
(Iavicoli et al., 2016). In the present study, the effect of
all used pesticides on the kidneys of all treated groups was
dose dependent. Kidneys of rats treated with low dose did
not show any microscopic abnormalities and medium dose
treated rats exhibited slight microscopic changes. However,
marked renal changes were recorded in rats treated
with high dose of malathion, metalaxyl and cymoxanil,
respectively. These induced histopathological changes
were in consistence with that reported elswhere (Afshar et
al., 2008; Mamun et al., 2015). We think that high doses
of the used chemicals resulted in large size metabolites
which could not pass-through glomerular filtration, then
accumulate in the glomerular tufts and peritubular renal
capillaries, causing chronic toxicity in kidney including,
necrosis of the epithelial lining of the renal tubules and
severe interstitial nephritis with thickening and sclerosis of
the Bowman’s capsule and the surrounding renal tubules
(Yun et al., 2015; Iavicoli et al., 2016). All these lesions
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were confined mainly in the renal cortex, as the proximal
tubules are the main site for xenobiotic biotransformation,
and therefore it is susceptible to chemical insult (Lock
and Reed, 1998). In accordance with the histopathological
changes in lungs, treatment with three chemicals was not
toxic at low dose. On the other hand, metalaxyl showed
slight pulmonary changes in the rats treated with medium
and high dose, meanwhile malathion and cymoxanil
resulted in more severe pulmonary changes in the groups
treated with medium and high doses. Few studies revealed
the respiratory effects of workers involved with pesticides,
even though some pesticides may result in impairment of
pulmonary function, development of chronic bronchitis, as
well as impaired respiratory muscle function (Zuskin et al.,
2008). The obtained pulmonary lesions might be attributed
to the breakdown of the alveolar epithelial/endothelial
barrier and the exudative inflammatory infiltrate into
the lungs, which is in harmony with several previous
reports (Hussain and Sultan, 2005). Adamis et al. (1999)
mentioned that the pathophysiological processes leading
to these inflammatory reactions remain unclear. Little is
known about male reproductive damage caused by the
used pesticides. Clearly, analysis of the male reproductive
function after exposure to malathion, metalaxyl and
cymoxanil of great importance (Bustos-Obregón, 2001;
Bustos-Obregón et al., 2007). In the present study,
rats treated with metalaxyl at all doses, malathion and
cymoxanil at low dose showed the same histologic
structure like that of control group, which is consistent
with a previous study (Recena et al., 2006), suggested
that metalaxyl is unlikely to cause reproductive effects.
Meanwhile, rats treated with medium and high dose of
malathion and cymoxanil showed dose dependent testicular
changes. We assume that malathion affects germinal and
somatic cells of the testis and decreases the testosterone
activity, consequently, inhibited spermatogenesis through
damage and vacuolation of Sertoli cells and germ cells
(Steger et al., 1999; Farag et al., 2000; Mahgoub and ElMedany, 2001). Cymoxanil in high doses may resulted in
inhibition of spermatogenesis in rats (Farag et al., 2000;
Uzunhisarcikli et al., 2007; Khan et al., 2001).
The biochemical enzymatic variations are powerful
predictive tool in assessment of toxicity (Kumari et al.,
2012). Among others, liver is often a primary target organ
for the toxic effect of xenobiotics. Therefore, it can be used
as an index of toxicity of various toxicants. Transaminases
and phosphatases are important critical enzymes
in biological processes and are considered specific
biochemical indicators of the liver damage (Gokcimen et
al., 2007; Banaee et al., 2011). AST and ALT enzymes are
important to metabolism of cellular nitrogen, liver glucose
and oxidation of amino acids (Celik et al., 2009). Alkaline
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phosphatase plays an integral role in glycogen metabolism
in the liver through stimulation of glucose synthesis
to overcome energy required during stress conditions
(Sayim, 2007; Fazilat et al., 2017). A shown in our results,
low doses of the used chemicals and medium doses of
malathion and metalaxyl did not disturb the liver function
as the liver enzymes were within the normal limits with
the exception of low dose of cymoxanil that showed slight
increase of their activities. Meanwhile; higher doses of the
used chemicals as well as the medium dose of cymoxanil
showed elevation of AST, ALT and ALP level which
means damage of the cell membrane of hepatocyte and as
consequence leak of their cytosolic enzymes into blood.
Elevation of ALT activity appears to reflect hepatic disease
more specifically than AST values. The activity of either
enzyme, particularly AST, may be elevated also in extrahepatic disease. However, the elevation of AST and ALT,
along with the elevation of ALP activities, may reflect
some necro-inflammatory disease of the liver (Morowati,
1997; Kaya et al., 2015; Agrahari et al., 2007).
It should be stressed that Acetylcholine esterase
is a neurotransmitter responsible for the hydrolysis
of acetylcholine to choline at the synapses and the
neuromuscular junction and has been considered as an
excellent enzymatic marker for altering brain neural
function (Cheng et al., 2020; Kumari et al., 2012). In the
present study, all used chemicals showed dose dependent
decreased activity of ACHE which was more obvious
with cymoxanil. We assume that, the interaction of the
used chemicals with AChE causing alterations in the cell
membrane permeability and inducing inhibition. These
results are consistent with findings of many researchers
who reported that the most prominent clinical effects of
poisoning with organophosphorus compounds are related
to their inhibition of the activity of blood cholinesterase,
leading to the accumulation of acetylcholine at cholinergic
synapses which causes constant acetylcholine receptor
triggering, resulting in consequent signs of neurotoxicity
(Timur et al., 2003; Hazarika et al., 2003). The kidneys
possess most of the common xenobiotic metabolizing
enzymes, and is thus able to make an important contribution
to the body’s metabolism of drugs and foreign compounds
(Lock and Reed, 1998). Creatinine is a byproduct of
skeletal muscle metabolism of creatine, and cleared from
the blood plasma in the kidney at an approximately constant
rate, primarily by filtration through the glomerulus (Mage
et al., 2004). According to the present results, low doses
of the all chemicals used in our study and medium doses
of malathion and metalaxyl did not show any increase in
the creatinine level more than that of the control group.
Meanwhile; higher doses of the malathion, cymoxanil and
metalaxyl as well as the medium dose of cymoxanil showed

elevation of the creatinine level, indicating the impairment
of the glomerular function and tubular damage in the
kidneys and accumulation of creatinine in the bloodstream
(Lock and Reed, 1998; Eddleston et al., 2002).

CONCLUSION
Give the above information, this study demonstrated
that 21 daily repeated low dose of malathion, metalaxyl
and cymoxanil pesticides was asymptomatic and target
biochemical enzymes and the observed values were
near to the control ones. In addition, histopathological
changes in various tissues of treated rats were mostly
insignificant with these low doses. In stark contrast, high
dose treated rats exhibited adverse signs and symptoms
of toxicity. Cymoxanil was highly toxic in all used doses
than those of malathion and metalaxyl. Metalaxyl has no
effect on reproductive organs while medium and high
doses of malathion and cymoxanil resulted in testicular
dege,neration and inhibited spermatogenesis. We assumed
that, reported tissue necrosis in different organs of the
high dose treated rats resulted in defects in cell membrane
permeability, consequently, changes in biochemical
enzymes of these tissues which are good biomarkers for
studies of toxic tissue injury. The recorded toxicity of the
used compounds at these low concentration levels could
urge the governments for more restrictive regulations to
investigate the effects of carcinogenesis for each pesticide
to be safe for specific applications.
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