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ABSTRACT

The black rat (Rattus rattus) has become in a commensal
relationship with humans and has been responsible for obvious damage to
agriculture annually. In this study, clodinafop-propargyl bait (0.98%) was
introduced to the adult male rats for seven days under laboratory conditions
using a non-choice feeding method. The impact of the compound on the body
and some organs' weights and functions was studied. Histopathological
changes of the liver, kidney, and testis as well as sperm count, sperm
morphology, vitality and motility percent were recorded. The efficiency of
clodinafop-propargyl bait (0.98%) was evaluated under field conditions of
crop stores. The results demonstrated that the body weight and testis of rats
significantly decreased obviously after treatment. As well as, the treatment
caused immoderate loss of water through the skin, losing appetite and slow
movement of rats. While weights of the liver and kidney of treated rats
significantly increased. In addition, the appearance of morphological and
histopathological alterations in the liver, kidneys, and testis were observed.
Also, significant elevation in serum (ALT and AST) enzymes, urea,
creatinine and uric acid levels compared with control after treatment were
recorded. Furthermore, sperm count, motility and vitality percentages
significantly decreased (p<0.05) in treated rats compared with controls. There
were perspicuous abnormalities in the form of the head, neck, and tail of the
spermatozoa in the treated rats. Regarding, sperm motility; non-progressive
and immotile grades were significantly increased in treated rats compared
with controls. Moreover, clodinafop-propargyl bait (0.98%) proved efficient
under crop store conditions as it caused an 86.78 % reduction in the rat
population. In conclusion, clodinafop-propargy! bait has a strong toxic impact
on the liver, kidneys and reproductive system of male black rats affecting
their fertility by destroying testicular integrity and function. Furthermore, the
field results proved these impacts and achieved good results. We can
conclude that this compound can be used in the control of black rats and can
be used in rodent control programs.

INTRODUCTION

The availability of habitat and food causes rodent populations to grow very fast
and supports their high reproductive ability. They cause severe damage to agriculture,
factories, and animal farms as well as transmission of diseases (Baldwin et al., 2014 and
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Capizzi et al., 2014). They are controlled by specific pesticides which have led to the
emergence of resistance and aversion to these pesticides (Eason et al., 2010; Crowell et
al., 2013). The black rat (Rattus rattus) is a generalist omnivore and a harmful pest to
farmers as it feeds on a big range of agricultural crops (Vernes and Mcgrath, 2009).
Moreover, black rats are considered vectors and/or reservoirs that have been involved in
the spread of various diseases (Meerburg et al., 2009; Capizzi et al., 2014). Clodinafop-
propargyl and the members of the family it belongs; to are toxic to various living
organisms (Yin et al., 2011; Mir et al., 2014; Zaka et al., 2019). Clodinafop-propargyl
herbicide causes inhibition of acetyl-co-enzyme- A- carboxylase (Hammami et al.,
2011). Oral LDs of clodinafop- propargyl herbicide was 1392 mg/kg b.w. in male rats
(EFSA Scientific Report, 2005). Treatment of wild rat Rattus rattus with clodinafop-
propargyl herbicide bait in non- and free-choice feeding techniques caused 100%
mortality after 10 days of feeding (EL-Abd et al., 2022). Clodinafop-propargyl bait
(0.98%) reduces the body weight and some organs of adult black rats. Also, it caused a
loss of water through the skin and urine (EI-Abd et al., 2022). Haloxyfop-p-methyl ester
caused an increase in renal and hepatic functions biomarkers urea, creatinine, ALT and
AST in the plasma of treated Wistar rats after 21 days of treatment (Olayink and Ore,
2015). Fluazifop-butyl herbicide caused alteration in liver and kidney functions and
tissues as well as severe interstitial edema and congestion of testicular blood vessels in
treated rats (Ore and Olayinka, 2017). Severe interstitial edema with the necrotic and
germinal epithelium of the seminiferous tubules of the rat testis post haloxyfop-p-methyl
ester treatment (Olayink and Ore, 2015). It was reported that galaxifop-R- Methyl was
detected in the liver of rats post 10 days of administration (Parida et al., 2021). Atrazine
herbicide caused a decrease in the body and sex organs weights of rats after seven days
of treatment (Abarikwe et al., 2010; Khozimy et al., 2022). Sub-lethal doses of atrazine
caused a decrease in sperm count and sperm motility, in addition to sperm malformations
in the treated rats (Adesiyan et al., 2011; Khozimy et al., 2022). Liver diseases are
associated with shrinking testicles leading to fertility problems (Lopez-lemus et al.,
2018; Sarkar et al., 2021). Liver cirrhosis causes libido signs of feminization, testicular
atrophy and low testosterone level as well as reduced spermatogenesis (Nitsche et al.,
2014). Banihani (2018) indicated that uric acid participates in maintaining and
promoting sperm movement, vitality and morphology. It was stated that high serum uric
acid level is regarded as a risk factor for decreasing semen quality (Ma et al., 2022). The
aim of this research is to evaluate the hepato-renal and testicular dysfunction of the black
rat, Rattus rattus, after using clodinafop-propargyl bait (0.98%). As well as, its
efficiency under crop stores conditions.

MATERIALS AND METHODS

Tested Compound:

Clodinafop- propargyl, Topik (15% WP), a selective herbicide used to control
annual grassy weeds in wheat fields. It is effective at the rate of 140 g/ fed. It was
obtained from Syngenta Company. Oral LDso of clodinafop- propargyl was 1392 mg/kg
b.w. in male rats (EFSA Scientific Report, 2005).

Experimental Animals:

Adult male black rats, Rattus rattus, were caught by rat traps (30x15x20 cm) from
fields in Sids village, Beba district, Beni-surf Governorate, Egypt. Then animals were
transported to the Harmful Animals Research Laboratory, Sids Agriculture Research
Station, Agriculture Research Center (ARC). Rats were adapted individually in cages of
size (50x30x30 cm) and fed on crushed maize and water at 20-25°C and 12 hours daily
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light/dark cycles for 15 days before the beginning of the experiment. Only healthy rats
were chosen for the experiment.
Experimental Design:

Twenty healthy adult male rats, weighing 180-200 g/kg b.wt., were divided into
two groups (ten rats for each). The first group was fed for 7 days with clodinafop-
propargy! bait (0.98 %). The other group was fed crushed maize as a control.

Samples Preparation:

After bait feeding; the surviving animals were slaughtered and blood samples
were collected from a cervical vein and centrifuged for 10 min (1000-3000 rpm). The
resulted in clear supernatant sera were kept in a deep freezer at -20°C until use (Henry et
al., 1979). For Semen collection, the right cauda epididymids was extirpated and cut
with a sterilized scissor in Petri - dish where the spermatozoa were dispersed in 2 ml pre-
warmed physiological saline solution at 37°C (Kempinas et al., 1988). The same process
was done with the untreated group.

Biochemical Analysis:

Serum alanine transaminase (ALT) and aspartate transaminase (AST) activities
were determined according to the methods of Bergmeyer et al. (1978) and Gella et al.
(1985) by reagent kits purchased from Biosystem S.A. (Spain). Serum urea and
creatinine levels were assayed according to the methods of Tabacco et al. (1979) &
Fabiny and Ertingshausen (1971), respectively using reagent kits obtained from
Biosystem S.A. (Spain). Uric acid was assayed by enzymatic colorimetric method using
kits obtained from Spinreact Company according to the method of Fossati et al. (1980).
Sperm Count and Motility:

A drop of the prepared epididymal suspension was transferred to a clear glass
slide (hemocytometer count slide) and covered with a glass cover at 37°C. The sperms
were counted under a light microscope with high power (400) magnification (Mailankot
et al., 2009). Sperm motility was analyzed using a Hamilton Motility Analyzer (HASA-
2000) on computer-assisted sperm analysis (CASA) of rat epididymal spermatozoa.
Sperm count, sperm motility and vitality percentage were analyzed using assisted sperm
analysis (CASA) of rat epidimal spermatozoa (Amann and Waberski, 2014).

Sperm Morphological Studies:

Left rats epididymal fluid was mixed with the same volume of Nigrosin-Eosin
stain. Then the suspension was spread into a glass slide to identify the morphological
abnormalities of sperms under the microscope at a magnification of 400 x (Filler, 1993;
Ardig et al., 2021). Nigrosin-Eosin (sperm vitality stain) was obtained from
Biodiagnostic Co. Egypt.

Histopathological Changes:

After dissection, the liver, kidney and testis from untreated and treated rats were
rapidly removed. Pieces from these organs were rapidly fixed in 10% neutral buffered
formalin for 24 hours. Then, they were washed in running tap water and serial dilutions
of ethanol were used for the dehydration process, cleared in xylene then embedded in
paraffin at 56°C in a hot air oven for 24 hours. The paraffin wax tissue blocks were
prepared for sectioning by microtome at 4 um thickness. Freshly prepared sections,
floating on a 40°C water bath containing distilled water, were collected on glass slides,
deparaffinized and stained with hematoxylin and eosin (H&E) stains according to the
procedure of (Banchroft et al., 1996).

Field Application:

Field evaluation of clodinafop- propargyl bait (0.98 %) was carried out under
field crop store conditions (grain sacks stores) of Sids Village, Beba, Beni-suef
Governorate. Three stores (each of 150 cm?) were chosen for treatment and another one
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for control. The rat population density was determined pre and post-treatment using food
consuming method (Dubock, 1984). Using 3000 g of crushed maize divided into plastic
sacks containing 250 g in each sack and then were put inside bait stations distributed
inside and outside stores. The amount of consumed crushed maize was weighed daily for
five days and ejected, while the average consumption was estimated only for the fourth
and fifth days. Then clodinafop-propargyl bait was applied and changed every 3 days
until stopping consumption. The bait stations were left empty one a week. After that,
untreated crushed maize was put inside each bait station for another week. The
consumed amount was recorded, and the rat population reduction was calculated using
the following equation:

Pre — treatment consumption (g) — Post — treatment consumption (g)
bs

- 100
Pre — treatment consumption (g)

Population reduction (%) =

Statistical Analysis:

The experimental design was completely randomized with different replicate.
The obtained results were statically analyzed by one-way analysis of variance (ANOVA)
and least significant difference (LSD) at (P < 0.05) using the COSTAT program (Glenn,
2005

RESULTS

Clinical Symptoms and Pathological Changes:

Table (1) shows the clinical symptoms and pathological changes after 7 days of
feeding of clodinafop-propargyl bait (0.98%). As a result of treatment, the body weight
of rats decreased obviously after treatment recording 180 g compared with the control
210 g with a change percent of -19.05%, as well as treatment caused immoderate loss of
water through the skin, losing appetite and slow movement of rats. Liver and kidney
weights were significantly increased recording 7.83 g and 1.5 g compared with 5.19 g
and 0.8 g of untreated rats, respectively and recording 42.20% and 87.5% difference. But
it caused a significant decrease in testes weights. In addition to that, feeding revealed
hepatomegaly and congestion of the liver, as well as bleeding and congestion in the
kidney, were observed. Moreover, it induced testicular atrophy, where testes' weight
decreased from 2.00 g in control to 1.03 g in treated rats with a different percent of -48.5.

Table 1: Effect of clodinafop-propargyl bait (0.98%) on some organs' weight and
clinical symptoms.

) Average weight (g) Difference - )

Organ Controlg Tfemim % LSD Clinical symptom
Reduction in body weight,

Body | 210578 | 1700578 | -19.05 | 22.67 | [mmoderate loss of water through

’ the skin, losing appetite and slow

movement

Liver |5.19°+0.44 | 7.83%0.37 42.20 1.58 | Hepatomegaly and congestion

Kidney | 0.8°+0.06 1.5%0.09 87.50 0.029 | Bleeding and congestion

Testes | 2.00%=0.12 | 1.03°+0.09 -48.50 0.40 | Afrophy

Values are expressed as meansz standard error
3byalues in columns with different letters are significantly different at (P < 0.05).
LSD: Least Significant Difference.

Effect of Clodinafop-Propargyl Bait (0.98%) On Parameters Related to Liver and
Kidney Functions:
Data in Table (2) revealed that clodinafop- propargyl bait produced a remarkably
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significant elevation in serum ALT and AST activities with percent changes of 126.37
and 42.86 % compared with untreated rats. Also, it caused marked impairment in kidney
function as demonstrated by the significant increase of serum urea, creatinine and uric
acid levels recording percent changes of 50, 14.06 and 141.38%, respectively compared
with control rats.

Table 2: Effect of clodinafop-propargyl bait (0.98%) on serum parameters related to
liver and kidney functions of Rattus rattus

ameter ALT Differen AST |Difference Urea Difference | Creatinine | Difference| Uric acid |Difference
Group (UL) | ce(%) (UL (%) (mg/dl) (%) (mg/dl) (%) (mg/dl) (%)
Control 41.67+ 121.33® 0.26° 0.64° 0.87°
1.77 +3.35 +0.03 +0.01 +0.12
26.3 . 50. . 41.

Treat ¢ 94332+ 126.37 173.33= 4246 0.392 50.00 0.732 14.06 2.10= 141.38

reatment | 19.99 4376 £0.02 £0.01 £0.01
LSD 30.85 14.30 0.97 0.32 0.37

Values are expressed as meansz standard error.
byalues in columns with different letters are significantly different at (P < 0.05).
LSD: Least Significant Difference.

Effect Of Clodinafop-Propargyl Bait (0.98%) On Sperm Count and Vitality Percent
of Male Rattus rattus.

As demonstrated in Table (3) sperm count significantly decreased (p<0.05) in
rats fed with bait (0.98 %) for seven days. The decrease in sperm count was 36.5 x10°
compared to 83.77 x10° of control. The sperm vitality ratio reduced to 27.08 % in treated
animals compared with 71.02 % in control.

Table 3: Effect of clodinafop-propargyl bait (0.98%) on sperm count and sperm vitality
percent of Rattus rattus.

Sperm count Vitality (%)
Group }
(X10°% spermatozoa/ ml)
Control 83,772 £3.72 71.022 £2.99
Treatment 36.50° =4.64 27.60°+2.77
LSD 16.50 11.31

Values are expressed as meansxstandarderror
byalues in columns with different letters are significantly different at (P < 0.05).

LSD: Least Significant Difference.

Effect of Clodinafop-Propargyl Bait (0.98%) On Sperm Morphology:

Regarding sperm forms, feeding for 7 days with clodinafop-propargyl bait
(0.98%) caused obvious deformations in the head, neck and tail of rat sperms. These
malformations include bent and broken neck (Fig. 2) as well as detached head and
cytoplasmic droplets (Fig. 3) and heads without hooks (Fig.4). Normal forms of sperm
with normal head, neck and tail were recorded in untreated rats (Fig. 1). Where, normal
forms percent significantly decreased to 12.60 % in treated rats compared with 76.2% in
controls as reported in Table 4. There were significant increases in the deformation of
the sperm head, neck and tail compared with controls. Where head deformations were
recorded at 54.13 % in treated rats compared with 9.77 % in controls and neck
deformations were at 87.40 % compared with 10.53 % in controls.
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BBN

Fig. 1: Photomicrograph of sperms of | Fig. 2: Photomicrograph of sperms of
untreated showing normal morphological | clodinafop-proprgyl treated rats showing bent
sperm of untreated rats showing normal head | and broken necks (BBN). (Nigrosin-Eosin
(H), neck (N) and tail (T) (Nigrosin-Eosin | stain, 400 x).

stain, 400 x).

CD
Fig. 3: Photomicrograph of sperms of | Fig. 4: Photomicrograph of sperms of
clodinafop-proprgyl treated rats showing | clodinafop-proprgyl treated rats showing head
detached head (DH), cytoplasmic droplets | without hook (HNH) (DH). (Nigrosin-Eosin
(CD) and bent neck (Nigrosin-Eosin stain, | stain, 400 x).
400 Xx).

Table 4: Effect of clodinafop-propargyl bait (0.98%) on sperm morphology of Rattus

rattus
Sperm form (%)
Normal Abnormal (Deformation)
Group Head Neck Tail
Control 76.202£0.64 9.77°+0.98 10.53°+0.73 5.70°+1.00

Treatment 12.60°+£2.83 54.132£2.15 87.40%2.83 40.00£3.33
LSD 8.05 6.55 8.11 9.64

Values are expressed as meanststandarderror
ayalues in columns with different letters are significantly different at (P < 0.05).
LSD: Least Significant Difference.

Effect of Clodinafop-Propargyl Bait (0.98%) on Sperm Motility:

Data in Table (5) showed that the sperm motility percentage significantly
decreased to 26.08 % compared with 83.17 % of the control. In addition, the progressive
motility significantly suppressed to 14.20 % compared to 75.30 % of control. As well as,
non-progressive and immotile sperm percentages significantly increased to 24.73 and
61.07 % in treated rats compared with 13.83 and 19.24 %, respectively in controls.



Hepatorenal and Testicular Dysfunctions of Clodinafop-Propargyl Bait in Male Black Rat 111

Table 5: Effect of clodinafop-propargyl bait (0.98%) on sperm motility grade.

Motility Motility grade
Group (%) Progressive Non-progresive Immotile
Control 83.172+8.32 75.03%1.45 13.83%=1.08 19.20°+1.14
Treatment 26.08°+3.75 14.20°+3.03 24.73%3 .41 61.07:=0.58
LSD 25.29 9.31 10.69 3.55

Values are expressed as means + standard error.
3byalues in columns with different letters are significantly different at (P < 0.05).
LSD: Least Significant Difference.

Histopathological Changes:

Section of liver of untreated rats shows normal central vein, sinusoids and
hepatocytes in (Fig. 5). While bait feeding caused impairment in liver tissue including
hepatic necrosis, fibrosis in the portal area as well as kupffer cell activation (Kf) as
indicated in (Fig. 6). Regarding the effect on kidney tissue, tested compound induced
marked alterations in the kidney of rats such as degeneration of glomerulus cells, distal
and proximal cells and hemorrhage in different points in the tissue as well as necrosis of
cells in (Fig.8) compared with the normal glomerulus, proximal and distal tubules in
untreated rats (Fig. 7). Concerning, normal structure of testis in untreated rats including
normal spermatogonia, spermatids and sperms depicted in (Fig. 9). Appearance of
severely degenerated spermatogenic components as well as coagulated seminal lumen
were occurred in (Fig. 10) and also hyperplasia of Leydig cells (Fig. 11) after treatment.
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of untreated rats showing normal central vein
(CV), sinusoids (S) and hepatocytes (H).  x 400

Fig. 7: Photomicrograph of H and E kidney
section of untreated rats showing a normal
structure of kidney; normal glomerulus (G),
normal distal (DT) and proximal tubules (PT). x
400

S
H and E liver section
of clodinafop-propargyl treated rats showing
hepatic necrosis (N), fibrosis in the portal area (F)
as well as kupffer cell activation (Kf). x 400

Fig. 8: Photomicrograph of H and E kidney
section of clodinafop-propargyl treated rats
showing degeneration of glomerulus cells (D),
distal and proximal cells and hemorrhage (H) in
different points in the tissue as well as necrosis of
cells (N). x 400

S

Fig. 9: Photomicrograph of H and E testis section
of untreated rats showing normal spermatogonia,
spermatid and spermatozoa.  x 400

Fig. 10: Photomicrograph of H and E testis
section of clodinafop-propargyl treated rats
showing degeneration of severely degenerated
spermatogenic components. x 400

Fig. 11: Photomicrograph of H and E testis
section of clodinafop-propargyl treated rats
showing hyperplasia of Leydig cells. x 400
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Field Evaluation:

The efficiency of clodinafop-propargyl bait (0.98 %) was evaluated under field
conditions of crop stores. Results in Table 6 showed the average crushed maize
consumption in pre-treatment was 920 g while it was 121.67 g post-treatment. Moreover,
treated bait consumption was 633.33 g. Clodinafop-propargyl bait achieved an 86.78 %
reduction in the rat population. In addition, there was a significant difference (p<0.05)
between average consumptions throughout the experiment.

Table 6: Effect of Clodinafop-propargyl bait (0.98%) against Rattus rattus under crop
stores conditions

Average consumption of bait (g) Population LSD

Mean + SE reduction %
Pre-Treatment Treatment Post-Treatment Control 86.78 151.95
920.002+20.84 633.335+44.49 121.67¢£9.29 891.67:61.33 ' T

Values are expressed as means (consumptions) * standard error
abed yvalues in a column with different letters are significantly different at (P < 0.05).
LSD: Least Significant Difference.

DISCUSSION

Normal weight is very important for the body to carry out all metabolic
processes and to produce trace elements in the body. Weight loss leads to reduced energy
expenditure and loss in metabolic activity (Bosy-Westphal et al., 2009). In the present
study, a decreased body weight of rats may be due to loss of water through the skin and
urine, slow movement and loss of appetite of rats after feeding with clodinafop-
propargyl bait for 7 days. This result is supported by our previous study (El- Abd et al.,
2022) which recorded that clodinafop-propargyl bait caused reduced body weight in rats
after 15 days of treatment. European food safety Authority et al. (2020) reported that
clodinafop- propargyl causes a reduction in body weight of male mice. The liver is the
major metabolic organ in our bodies and is considered a defense system to face
environmental toxicants and also metabolic toxins (Manfo et al., 2014). In the same
trend, the bait caused toxic effects on the liver of tested animals. Where liver weight
increased as well as serum ALT and AST levels were significantly raised. This effect
may be related to the direct impact of the tested bait on hepatocytes and its accumulation
in cells. So, this may imply lysis of the hepatocytes and leakage of these enzymes into
the blood. This reveals the cytotoxic effect of the tested pesticide on the liver. An
increase in the activity of ALT and AST has been linked to hepatocellular damage
(Vagvala and O'Connor, 2018). The histological alterations in the liver are parallel with
defection in liver enzymes and support the toxic action of the bait in this study. These
alterations include hepatic necrosis, fibrosis in the portal area as well as kupffer cell
activation. These results are in line with those of (Olayinka and Ore, 2015) who
concluded that haloxyfop-p-methyl ester, an ArOPP herbicide, inhibits enzymes in the
mammalian liver and produced reversible hepatic toxicity. Previous studies suggested
elevations in ALT and AST levels in atrazine herbicide-treated animals because of
aminotransferase enzymes leaking from damaged liver cells (Jestadi et al., 2014,
Khozimy et al.,, 2022). Uric and creatinine are metabolic products removed from
circulation by the kidney. An increase in their levels of blood plasma is an indication of
diminished renal function (Nwose et al., 2019; Vagvala and O Connor, 2018). In this
study, clodinafop-propargyl caused remarkable elevation in urea, uric acid and creatinine
concentrations. This may return to a reduction in glomerular filtration in the kidney as a
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result of the effect of bait feeding on renal cells and its accumulation in kidney tissue.
These elevations also reflect kidney tubule dysfunction. The rising uric acid
concentration is an index of impaired Kidney function. The toxic action of clodinafop-
propargy! is supported by obvious impairments in kidney tissues including degeneration
of glomerulus cells, distal and proximal cells and hemorrhage in different points in the
tissue as well as necrosis of cells. These data are in parallel with those of (Ferguson and
Waikar, 2012) who explained that uric acid, urea and creatinine levels are beneficial in
the early detection of nephrotoxicity caused by exogenous compounds in animal studies.
Creatinine is measured to determine the glomerular filtration rate and also is utilized as
an index of renal function (Hahn et al., 2017). Fluazifop-p-butyl caused alteration in
plasma urea and creatinine in Wistar rats (Ore and Olayinka, 2017).

Regarding the effect of toxic bait feeding on testicular function, it caused a
decrease in testes weights leading to atrophy and this action may be related to
interruptions occurring in the liver tissue. These results are in agreement with (Castilla-
Cortazar et al., 2004; Lopez-Lemus et al., 2018) who recorded that liver disease can
cause the body to undergo disturbing changes such as shrinking testicles in mice.
Studying the sperm function; including count, motility and vitality as well as
morphological changes of treated rats revealed obvious malformations and dysfunctions
of sperms after feeding. Concerning sperm count, the bait induced a significant decrease
and this may be due to atrophy of the testicles and dysfunctions in the liver and kidney.
Male sexual dysfunctions may occur with chronic kidney disease (Matthew, 2017). The
percentage of sperm deformities in the head, neck and tail was very high, leading to the
death of sperm. The impact of feeding toxic bait on fertility may be due to the disability
of the testicle to produce normal sperm or due to increase uric acid content as well as
liver dysfunction after feeding for 7 days. These results are consistent with (Motrich et
al., 2006; Banihani, 2018) who stated that uric acid contributes to maintaining and
enhancing sperm motility, viability and morphology. Our results are in parallel with data
concluded by (European food safety Authority et al., 2020), that clodinafop- propargyl
reduced body and testes weights and also caused testicular atrophy in male mice.
Previous studies showed a reduction in sperm motility and abnormal sperm cell in albino
rats after herbicide exposure (Owagboriaye et al., 2017). Concerning the application in
crop stores, clodinafop- propargyl bait achieved good results as it caused an 86.78%
reduction in the rat population. These results are in parallel with our previous application
of clodinafop- propargyl bait 0.98% under poultry farm conditions that achieved an
87.77% reduction in rat population (EI Abd et al., 2022).

Conclusion

Feeding on clodinafop- propargyl bait (0.98%) for seven days induced marked
hepatorenal dysfunction via increasing enzymes related to liver and kidney functions and
deterioration of the tissue's structure. Moreover, the compound caused impairment of
testicular tissue structure and function. In addition, clodinafop- propargyl bait proved
high efficiency under crop store conditions. This impact may be a result of the
accumulation of compound toxins inside tissues. Further studies are recommended to
evaluate the effect on mating ability as well as the effect on embryos and newborns.
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