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Abstract. Diafenthiuron is a thiourea derivative propesticide widely used in agriculture and forestry,
involved in inhibition of oxidative phosphorylation and interrupts the mitochondrial ATP synthesis of the
pest. Because there is no research regarding the toxicological effects of this chemical on non-target species.
Hence the present study aim to assess the acute toxicity of this insecticide on rabbits (Oryctolagus cuniculus).
A total of 48 rabbits were categorized into four groups, with 12 rabbits in each group. The groups were
named as TO (control), T1 (low dose), T2 (medium dose) and T3 (high dose). Rabbits in groups T1, T2
and T3 received oral administration of diafenthiuron at doses of 500 mg/Kg, 1000 mg/Kg, and 1500 mg/Kg,
respectively which is based on their body weight. This administration continued for a period of 45 days.
The TO group served as the control group. Blood samples were collected at 15", 30" and 45" day of
experiment and analyzed for blood profile, hepatorenal performance and immunological analysis. Our
results indicated that complete blood count was significantly (P<0.05) reduced, except for platelets level
which were significantly higher in dosage dependent groups as compared to control group. Furthermore,
antibody titer test for immunity against Rabbit Hemorrhagic Disease (RHD) virus was also reduced in
dosage dependent groups. However, hepatorenal parameters (bilirubin, alanine aminotransferase, aspartate
transaminase, alkaline phosphatase, urea and creatinine) were significantly elevated upon exposure to the
higher dosage of pesticide. Our study concluded that diafenthiuron has strong potential to cause toxicity
even at sub lethal doses which in turn, affects the non-target organisms including human beings. Therefore,
alternative ways must be used to avoid the accumulation of this pesticide in the environment.
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Introduction

Pesticides are being used in large quantities globally
due to their high efficacy of killing pests (Duke, 2017).
Food and agricultural organization defined pesticide as
any constituent used for controlling, damaging and
destroying any harmful organism causing disease in
both animals and human, undesirable types of creatures
initiating damage and interference with the manufacturing
and transportation of food, agrarian possessions, wood
and wood products and animal feedstuffs or substances
which may be directed to animals for the control of
insects, arachnids or other pests in their bodies (Preetha
et al., 2009; Park et al., 2009). Agriculturists utilize
approximately 2.5 million tons of pesticides annually
for pest control purposes (Jeschke, 2016; Qare, 2009).
Although the use of these pesticides is helpful in reducing
crop loss and to get better yield but on the other hand
there are also some hazardous effects of these pesticides
(Huber et al., 2000). Besides this, indiscriminate
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utilization of these chemicals not only pollutes the soil
and water but also accumulates in the fruit and vegetable
crops subsequently entering the food chain and body
systems, blood and organs (Xavier et al., 2004). Moreover,
pesticides also cause environmental pollution, loss of
biodiversity and decay of common habitats (Cerejeira
et al., 2003). Approximately 0.1% of pesticides, as
estimated, effectively eliminate their intended organisms,
leading to the accumulation of residual substances in
the surrounding environment, thereby impacting non-
target organisms (Rosell ez al., 2008).

Diafenthiuron 1-tert-butyl-3-(2,6-diisopropyl thiourea)
is a thiourea-derivative pesticide being extensively used
in Pakistan for the control of sucking pests (Hameed et
al., 2010). It has a distinctive mode of action, disrupting
the respiratory activity of insects by blocking
mitochondrial action, energy metabolism and molt
inhibition, thereby causing paralysis of insect pests
leading to their death within 2-3 days (Ishaaya et al.,
2001). Photochemical activation of this insecticide is
necessary for conversion into a carbodiimide derivative
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in the occurrence of daylight and singlet oxygen, which
will be much more powerful insecticide than itself
(Ratnakar et al., 2017). This carbodiimide derivative is
involved in the inhibition of mitochondrial respiration
as well as in the inhibition of mitochondrial ATPase by
selective and covalent binding to the proteolipids in the
inner membrane and to porins in the outer membrane
of the mitochondria (Plimmer, 2003; Kayser and Ellinger,
2001). Various analytical techniques have been described
for residual analysis of diafenthiuron in food, soil and
environmental samples including high performance
liquid chromatography (HPLC), liquid chromatography—
mass spectrometry (LC—MS), solid-phase extraction
(SPE), solid-phase micro extraction (SPME) and
supercritical fluid extraction (SFE). Many countries
including Japan, China and India have set a maximum
residual limit (MRL) for diafenthiuron residues in food
particles in the range of 0.03—1.0 mg/Kg (Golge and
Kabak, 2015; Wang et al., 2015; Brito et al., 2002).

Toxicological effects of diafenthiuron have been reported
to induce toxicity in non-target organisms including
disorders in honeybees (Stanley ef al., 2014) biological
malfunctioning in birds, mammals and fishes (Keum
et al., 2008). In rats, extended exposure to this insecticide
induces lung carcinogenicity and results in the formation
of cavities within the lungs of this animal model. (Ishaaya
et al., 2001). Fish was also found to be susceptible to
diafenthiuron and causes harmful effects in common
carp, Cyprinus carpio and Labeo rohita by killing the
fish in 6 h (Riaz-ul-Haq et al., 2018).

Rabbits have similar physiological and metabolic
processes to humans, which can make them suitable
models for studying the effects of pesticides on living
organisms. This similarity allows researchers to gain
insights into how pesticides may affect humans and
other mammals (Khelfa ef al., 2012). Keeping these
facts in mind, further research is required to investigate
the possible effects of diafenthiuron on blood profile and
hepatorenal parameters of rabbit and to estimate the
immunological alterations upon exposure to this chemical.

Materials and Methods

Research animal and chemical. Adult male rabbits of
specie Oryctolagus cuniculus were procured and
immunized at the Veterinary Research Institute on Ghazi
Road in Lahore, Punjab, Pakistan, two weeks prior to
the study to facilitate their acclimation period. The
procedures involving the handling, welfare and standard
laboratory protocols for live rabbits in this research
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study received pre-approval during the Departmental
Board of Studies meeting. Commercial grade
diafenthiuron (® 50% WP) was purchased from local
market. Rabbits weighing (1Kg-1.5Kg) was purchased
and placed in wire cages with solid floor to provide
adequate ventilation. They were given optimum light
i.e. 12-h light-dark cycle and (23 + 2 °C) temperature
(Bradbury and Dickens, 2016). Feed was given by oral
method in the form of soaked bread and water.

Experimental design. The duration of the conducted
experiment was 45 days. Male rabbits (n=48) were
chosen randomly and then divided into four groups
labelled as Ty, T, T, and T; respectively, containing 12
rabbits in each block. Groups T,, T, and T; were
subjected to three different doses of diafenthiuron i-e
500 mg/Kg BW, 1000 mg/Kg BW and 1500 mg/Kg
BW whereas TO was considered as control group (Su
et al., 2023). All groups were allotted different cages.
Accordingly, three different doses of diafenthiuron were
orally given to rabbits along with water and soaked
bread once per day. Dosage of the pesticide was designed
according to 1/2™, 1/3™ and 1/4™ with respective to its
LDso. Furthermore, within each group, the corresponding
dose was administered at 9 am and samples were
promptly collected two hours later. (Shamsollahi and
Asadi, 2014). Two blood samples, 3mL each, one for
complete blood count and the other for hepatorenal
analysis, were collected from each group at 15", 30™
and 45" days of dose administration from jugular vein
of specimen (Parasuraman et al., 2010). For effective
sampling of blood, 5 mL syringes were used.
Overbleeding were prevented by applying silver nitrate
on affected site (Fang et al., 2009).The blood samples
for CBC were taken in tube containing EDTA
(Ethylenediaminetetraacetic acid) whereas for
hepatorenal analysis, serum was separated from
coagulated blood after ultra-centrifugation. The samples
were categorized by labelling on tubes, stored them at
4 °C and examined within 6-10 h (Rauf and Sluss,
2008). Overbleeding were prevented by applying silver
nitrate on affected site.

Blood profiling (complete blood count). After a 24 h
sampling period, a Semi-Automatic Chemistry Analyzer
from Guangzhoun Hekang Biotechnology Co. Ltd., in
China (model HKTEO112) was employed to analyze
various parameters of a complete blood count, including
white blood cell count (WBCs) and red blood cell count
(RBCs), hemoglobin (Hb), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular
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hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC) and platelet count (Shah ef al.,
2007; Donovan and Brown., 2006).

Hepatorenal analysis. Microlab Chemical Analyzer
diagnostic ELISA kit (BioTek 800 SN) to check the
level of liver enzymes such as alanine transaminase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), bilirubin and kidney function by
determining urea and creatinine level. The method of
Waritani et al. (2017) were followed for liver enzyme
detection. To reduce the error, each test was performed
three times for each of the enzyme and then average
values were taken. The results were calculated using
following formula: Enzyme activity (IU/L) =/AA/min
x Kinetic factor [k], K = 2712 for ALP whereas the
value of K each for ALT and AST is 1780.

Determination of antibody titer. For immunological
analysis, serum samples were centrifuged at 1600xg
for 15 min at 4 °C and stored at -70 °C into serum
capsules. Each serum sample was labelled properly and
collected within 6 h to avoid changes. Serum samples
were analyzed through standard hemagglutination
inhibition (HI) method. In HI assay, rabbit heamorrhage
disease (RHD) virus was used. Rows of 96-well microtiter
plate were used for two-fold serial dilutions of serum
then RHD virus was added into each well which was
diluted upto 8 HA units and incubated for 30 min except
last well in each row as a negative control. After that,
RBCs were added and incubated for next 30 min.
Agglutinated red diffuse wells showed low antibody
concentration indicated by HI plate (Mondal ef al., 2009).

Data analysis. Data analysis was performed using SPSS
(Statistical Package for the Social Sciences) Version 21
from IBM Corporation. Hematological studies, hepatorenal
performance and immunity of rabbits were assessed
and the standard error mean (£S.E.M) was calculated.
To examine variation between the groups, an ANOVA
test was conducted, and the significance level (P=0.001)
between the treated groups and control group was
determined using post hoc testing (Tukey LSD).

Results and Discussion

Evaluation of diafenthiuron exposure on blood profile
of rabbits. Table 1 shows the effect of different
concentrations of diafenthiuron on complete blood count
of rabbits. Results showed that all hematological
parameters including white blood cells (WBCs), red
blood cells (RBCs), hemoglobin (Hb), hematocrit (HCT),
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mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC) and platelets were significantly
lowered upon treatment with increasing concentration
of diafenthiuron in a dose dependent manner. The
platelets count (P<0.001) was however, significantly
increased in treated groups as compared to control group.

Evaluation of diafenthiuron exposure on hepatorenal
performance of rabbits. In Table 2, shows the impact
of various concentrations of diafenthiuron on the liver
function and renal function tests in rabbits. The purpose
of the study was to investigate how different doses of
diafenthiuron affected specific markers associated with
liver and kidney functions in these animals.

Upon analyzing the data, we observed noteworthy
changes in the hepatorenal parameters. These parameters
included bilirubin, ALT (alanine aminotransferase),
AST (aspartate aminotransferase), ALP (alkaline
phosphatase), urea and creatinine. Importantly, all of
these markers exhibited significant increases in their
levels, and this increase was found to be directly
proportional to the dosage of diafenthiuron administered.
Our findings revealed a dose-dependent relationship
between the concentration of diafenthiuron and the
observed alterations in the hepatorenal parameters.

Evaluation of diafenthiuron exposure on antibody
titer test of rabbits. According to the results obtained
from the analysis of the antibody titers of rabbits in
response to RHDV (rabbit hemorrhagic disease virus),
it was observed that there exists a significant disparity
in the levels of antibodies between the control group
and the groups treated with diafenthiuron. Additionally,
it was found that the values of the antibody titers were
notably lower in these groups compared to the untreated

group.

Table 3. revealed a significant decrease in the antibody
titers in a dosage-dependent manner among the groups
that were exposed to different concentrations of
diafenthiuron. In comparison to the untreated group,
the observed decline in the antibody titers was
statistically significant (P<0.05).

These findings indicate that the administration of
diafenthiuron had a negative impact on the production
or maintenance of antibodies against RHDV in rabbits.
The reduced antibody titers in the diafenthiuron-treated
groups suggest that the rabbits exposed to this compound
exhibited diminished immune responses to the viral
infection.
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Table 1. Effect of different concentration of diafenthiuron administered for a period of 45 days on blood profile

00d profile parameters

uration (1n days

oncentration o

1afenthiuron (mg/Kg

0 500 1000 1500
Hb (g/dL) 15 12.8 6+ 0.333°  11.30+0.057° 10.80+0.100° 8.16+ 0.033¢
30 12.46 £ 0.333*  10.76+0.333° 10.30+0.057° 7.86+ 0.033¢
45 12.76 £ 0.384*  10.80+0.057° 9.70+0.057° 7.66+ 0.088¢
RBCs (x 10" g/L) 15 6.81 +0.008° 6.11+0.005° 5.10+0.000° 4.80+ 0.05¢
30 6.68 + 0.090° 6.23+0.120° 4.66+0.333¢ 4,16+ 0.033¢
45 6.66 + 0.033° 5.13+0.066° 4.40+0.057¢ 3.86+ 0.033¢
HCT (%) 15 40.46 £ 0.290°  39.16+0.284° 32.50+0.400° 28.40+ 0.057¢
30 40.13+0.120°  33.30+0.300° 30.93+0.517° 24.86+ 0.578¢
45 40.03 +£0.120°  32.30+0.200° 31.36£0.317° 24.50+ 0.400¢
MCV (fL) 15 64.33 £0.066°  60.00+1.126° 57.76+0.611¢ 54.10+ 0.100¢
30 64.20+0.152*°  60.10+0.100° 12.47+0.404° 50.60+ 0.152¢
45 62.83 £0.266°  58.46 +0.033° 12.93+0.152° 50.06+ 0.033¢
MCH (pg) 15 21.03+0.366°  19.40 +0.115° 18.86+0.033° 17.56+ 0.437¢
30 20.76 £0.371°  19.40 +0.115° 18.40+0.057° 16.36+ 0.523¢
45 20.26 £0.753*  17.73 + 0.600° 17.86+0.033° 16.50+ 0.305¢
MCHC (g/dL) 15 33.63+0.088°  30.23 +0.285° 29.02+0.433° 26.03+ 0.133¢
30 29.06 +4.083°  29.90 + 0.066° 27.50+0.503° 25.86+ 0.484¢
45 3236+0.811°  29.17 +0.088° 27.20+0.152° 23.20+ 0.300¢
Platelets (x10°/L) 15 433.00 £ 0.577*  606.33 +6.893°  661.66+1.666°  708.66+ 0.666"
30 432.66 +0.666°  654.66 + 0.666°  662.66+0.333°  719.66+2.603¢
45 433.00 £ 0.577*° 65833 +0.333°  673.00+1.527°  755.44+2.215¢
WBCs (x10°/L) 15 8.70 + 0.000° 7.70 + 0.057° 6.83+0.066° 5.46% 0.2609
30 8.73 £0.033° 6.30 = 0.057° 5.06+0.033¢ 4.63+0.033¢
4 a 4 b + c + d
atla are expressed as mean eviation. cans wi 1Irerent SUpersCripts m a row have signircan

difference among them (P<0.05) Tukeytest.

Our findings revealed that the physiological well-being
of male rabbits was negatively impacted by the exposure
to diafenthiuron. A comprehensive analysis of the blood
profile demonstrated a significant decrease in all
parameters following the administration of increasing
doses of diafenthiuron in the treated groups, as compared
to the untreated group.

Specifically, the reduced number of red blood cells
(RBCs) observed in the treated groups was attributed
to the adverse effects of oxidative stress and the
development of a hypoxic environment induced by the
pesticide (George and Shukla, 2013). Furthermore, the
hematocrit level was found to be diminished due to the
decreased quantity of RBCs. Additionally, the mean
corpuscular volume and hemoglobin levels were also
lower, indicating the presence of anemia caused by the
pesticide. (Zorriehzahra et al., 2010). WBCs level were
lowered in dose dependent groups because of the toxicity
caused by the chemical. On the other hand, Platelet

count were increased significantly due to thrombocytosis
which had been produced due to inflammation of
prostaglandins and production of free radicals that had
been resulted due to the disturbance and toxicity stress
of non-specific tissues (Varadarajan ef al., 2013: Saka
etal., 2011).

Moreover, hepatorenal performance of rabbits showed
a significant increase in dose-dependent groups as
compared to control group. Similar results were reported
by Khan ef al. (2012) and showed a raised level of liver
enzymes upon exposure to pyrethroids on fish and
mammalian species. This was due to leakage of liver
enzymes from hepatocytes due to higher detoxification
rate in pesticide treated groups (Tuzmen et al., 2008).
Our results in renal function is similar to those of Firat
et al. (2011) who showed higher level of creatine,
bilirubin, urea and decrease in the albumin and globulin
proteins upon exposure to pesticide under stress condition
and indicated a renal failure and acute hepatic necrosis.
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Table 2. Effect of different concentration of diafenthiuron administered for a period of 45 days on hepatorenal

Hepatorenal analysis  Duration (in days

Concentration o

1afenthiuron (mg/Kg

0

500

1000

1500

Bilirubin (mg/dL) 15

72.33+0.333%

30 72.66+ 0.333%
45 72.66+ 0.333%
ALT (u/L) 15 7233+ 0333
30 72.66+ 0.333%
45 72.66+ 0.333%
AST (ulL) 15 30.33+ 0.333°
30 30.66+ 0.333°
45 30.00+ 0.000?
ALP (uL) 15 12.334 0.333°
30 11.66+ 0.333a
45 12.00+ 0.000*
Urea (mg/dL) 15 24.66+ 0.333%
30 24.66+ 0.333%
45 24.66+ 0.333%
Creatinine (mg/dL) 15 0.66+ 0.033°
30 0.66+ 0.033"
L a

ala arc expressed as mean

Standar cvialion.

difference among them (P<0.05) Tukeytest.

cans wi

86.66+0.333"
100.66+1.201°
111.66+1.666°
86.66+0.333"
100.66+1.201°
111.66+1.666°
24.00+0.577°
18.00+1.527°
12.33+0.666°
18.33+0.333"
21.33+0.881°
24.00+0.577°
26.66+0.333°
30.33+0.333"
34.66+0.333"
.83+0.033"
.86+0.033"

o b

92.00+2.516°
110.66+2.185°¢
127.00+0.577¢
92.00+2.516°
110.66+2.185°¢
127.00+0.577¢
20.33+0.333¢
14.00+0.577¢
9.33+0.666°
22.00+1.154¢
26.00+1.154¢
30.66+1.201°¢
29.66+0.333¢
32.66+0.333°¢
37.66+0.333°¢
1.13£0.066°
1.50+0.000°
+ C

rerent SUperscCripts 1 a row have signirican

97.55+ 0.333¢
122.00+ 1.154¢
145.66+ 0.666"
97.66+ 0.333¢
122.00+ 1.154¢
145.66% 0.666"
14.66+ 0.3334
9.66+ 0.333¢
8.66+ 0.333¢
25.66+ 0.3334
30.66+ 0.666°
33.66+ 0.333¢
31.66+ 0.333¢
34.66+ 0.333¢
41.66+ 0.3334
1.46+ 0.033¢
1.96+ 0.033¢
+ d

Table 3. Effect of different concentration of diafenthiuron administered for a period of 45 days on blood profile

uration (1n days

oncentration o1 diaréntniuron

500 1500
15 13.17 £0.376* 12.63 £ 0.285° 12.97 +£0.328° 13.30 £ 0.265¢
30 13.30 £ 0.400* 12.90 + 0.404° 12.47 £0.088° 13.13+£0.291¢
+ a b + c + d

ala arc expressed as mean + standard deviation.
difference among them (P<0.05) Tukeytest.

Antibody titer of rabbits against RHDV shows that there
is significant difference in the level of antibody for
control group as well as diafenthiuron-treated groups,
moreover, the value of antibody is lower. This lower
level of antibody was due to elevated level of pesticide
in dose dependent groups. Clumping of RBCs in titer
plate showed the lower level of antibody in the respective
treated groups whereas standard plate showed less
agglutination and considered as control group.

Conclusion

It was concluded that exposure to diafenthiuron resulted
in a dose-dependent reduction in the blood profile, as

cans wi 1Irerent SUperscripts m a row have significan

indicated by statistically significant differences (P=0.05).
Additionally, there was a notable increase in hepatorenal
performance in the dosage groups compared to the
untreated groups. Furthermore, the administration of
increasing doses of diafenthiuron led to a significant
decrease in immunity, as evidenced by a reduction in
the antibody titer test against RHD virus.

These results provide clear evidence of the adverse
impact of diafenthiuron on the physiology of rabbits.
In light of these findings, it is highly recommended that
measures be taken to prevent the accumulation of
diafenthiuron in the environment and the food chain.
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These preventive measures are crucial for minimizing
the potential negative consequences associated with the
exposure to diafenthiuron, which have been clearly
demonstrated in this study.
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