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Abstract

The widespread utilization of synthetic chemicals, including weedicides, pesticides,
insecticides, and fertilizers, has contaminated the environment. Therefore, it is crucial to
recognize the ongoing threat of various stressors, including exposure to synthetic and
natural chemicals on various target and non-target living organisms. Lufenuron is exten-
sively utilized in controlling ectoparasites in companion animals and may offer a potential
solution for addressing analogous challenges in commercial poultry farming. For this
purpose, an experimental study was conducted to estimate the potential toxic effects of
lufenuron in chickens. A total of 75 broiler chickens were housed under standard environ-
mental conditions for the period of 39 days following a 7-day acclimatization. Birds were
randomly divided into five groups (A-E), each consisting of 15 birds, and administered dif-
ferent doses of lufenuron in groups B-E @ 4, 8, 12, and 16 mg/kg body mass, respectively.
Various hematological, biochemical, and histopathological biomarkers were assessed in
blood and visceral organs. In the current experimental trial, the values of RBC count, PCV,
hemoglobin, and MCHC significantly (<0.05) decreased, while WBCs and MCH signifi-
cantly (<0.05) increased in treated birds. Results showed significantly increased values

of renal function tests (urea and creatinine), liver function tests (ALP, AST, and ALT), and
cardiac biomarkers (cholesterol and creatinine kinase) in broilers exposed to higher doses
of lufenuron. Various histopathological ailments were examined in the liver, kidneys, and
heart of the broiler in the dose and time-dependent manner. The current study showed
that lufenuron induces oxidative stress, depletion of various antioxidant enzymes, and
histoarchitectural alterations in multiple visceral organs.
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1. Introduction

The poultry industry is an essential sector when it comes to food security for human beings
all over the world, providing a tremendous source of protein. Poultry farming has become an
increasingly vital part of agriculture in Pakistan, thus playing a vital role in both the country’s
economy and food supply [1]. It is the leading country in poultry meat production among
global leaders, and broiler chickens are the most reared kind of birds in the country because
of their high growth rate and efficient feed conversion ratio. These are some of the facts that
make the demand for poultry and its products in Pakistan since there is an increase in popula-
tion, urbanization, and a shift towards meat consumption.

While advancements in genetics, nutrition, and management practices have propelled the
poultry industry forward, it is essential to acknowledge the persistent threat posed by various
stressors, including exposure to chemical agents [2,3]. Aside from the oxidative stress and
lipid peroxidation that insecticides induce, they also alter the biochemical pathways in living
organisms [4-7]. However, in terms of the developmental origins of health and disease, expo-
sure to pesticides induces transgenerational effects. Monitoring of toxicological mechanisms
of routinely and commonly used synthetic and environmental pollutants plays a vital role in
limiting the adverse effects in non-target organisms [8-11].

Various synthetic chemicals, including fertilizers, pesticides, weedicides, and insecticides,
are persistently utilized in agriculture, fruits, and vegetables to enhance crop production
and control different pests [12-14]. Lufenuron, a member of the benzoylurea class of insect
growth regulators, is primarily recognized for its role as a pesticide and insecticide [15].

It functions by inhibiting the synthesis of chitin, a critical component of the exoskeleton

in insects, thereby disrupting their growth and development. This mode of action makes
lufenuron particularly effective against a range of pests, including fleas and certain agricul-
tural insects without affecting non-target species such as mammals and birds. Its application
in agriculture has raised interest in understanding its potential impacts on non-target organ-
isms, including poultry.

Hematological parameters stand as sentinel indicators of the physiological status of avian
species, furnishing essential information on parameters such as red blood cell count, white
blood cell count, and differential leukocyte counts [16]. Likewise, serum biochemistry profile,
encompassing markers like total protein, albumin, globulin, and various enzyme are pivotal
tools in evaluating organ functions and overall metabolic health [17]. In light of its potential
influence on the oxidative stress response, investigating the impact of lufenuron on antioxi-
dant enzyme assumes heightened significance [18]. Oxidative stress arises from an imbalance
between the production of reactive oxygen species (ROS) and the organism’s capacity to neu-
tralize them through antioxidant defenses [19]. Given the susceptibility of broiler chickens to
oxidative stress, understanding how lufenuron may influence the antioxidant enzyme system
holds the key to unraveling its broader physiological effects [20]. Histopathological examina-
tion of vital organs offers a microscopic perspective on tissue alterations, providing crucial
information on the structural integrity and potential pathological changes occurring within
these organs [21]. Understanding the histopathological effects of lufenuron on key organs is
essential for assessing its overall impact on broiler health [22]. While lufenuron’s potential
benefits in parasite control are well-documented, there remains a tenacious need to systemat-
ically examine its potential adverse effects, especially in broiler chicken production [23]. This
study seeks to elucidate the toxic effect of lufenuron on hematology, serum biochemistry, his-
topathology, and antioxidant enzyme activities in broiler chickens. Through a comprehensive
assessment of these parameters, we aim to provide a thorough understanding of the potential
hazards associated with lufenuron exposure, shedding light on its potential risks to broiler
health and welfare.
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2. Materials and methods
2.1. Birds management and feed

A total of 75 broilers with similar body weight were reared at a local poultry farm in Bahawal-
pur, Pakistan, and were maintained under strict biosecurity and sanitation measures. All birds
were housed in standard environmental conditions, with temperature at 26-28°C and humid-
ity at 60-65%. Following a 5-day acclimatization period, the birds were randomly divided

into five groups, each consisting of 15 chickens. The broilers received a diet containing 25%
protein and had access to clean, fresh water daily.

2.2. Experimental design

Seventy-five male broilers were divided into five groups containing fifteen birds (n=15/
group). Group A served as the control, while groups B, C, D, and E were administered
lufenuron orally at doses of 4, 8, 12, and 16 mg/kg body weight, respectively. The exper-
imental period spanned 39 days, with sampling conducted on days 13, 26, and 39 of the
study. All the experimental procedures were executed according to the guidelines and
welfare regarding the use of laboratory animals of The Islamia University of Bahawalpur,
Pakistan (No. 21-1051).

2.3. Blood sampling

Employing a sterile disposable syringe, blood samples for hematological and serum bio-
chemical analyses were drawn from the wing vein of each broiler on the 13, 26, and 39"
day of the study [24]. Before weighing and having blood samples collected, the birds were
deprived of feed and water for about two hours. Using a sterile syringe, approximately
3.0mL blood was drawn from the wing vein and promptly transferred (0.5ml) into EDTA-
coated vials for hematological analysis, while 2.5mL of blood was collected without antico-
agulant for serum biochemical analyses. The obtained serum was then preserved at -20°C
for subsequent investigations. The birds were handled gently and with great care to mini-
mize and alleviate stress, and to prevent any abrupt movements that could potentially lead
to blood vessel damage or negative consequences [25]. After that, all the birds were sacri-
ficed by cutting the Juglar vein.

2.4. Hematology and serum biochemistry

The hematological profile of the collected blood samples was assessed using established
techniques. The collected samples underwent examination to ascertain values of red blood
cells (RBCs), white blood cells (WBCs), hemoglobin (Hb), packed cell volume (PCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC)
through the use of a specialized hematological analyzer [26]. Serum biochemical parameters
including liver indicators such as aspartate aminotransferase (AST) (IU/L), alanine transam-
inase (ALT) (IU/L), and alkaline phosphatase (ALP) (IU/L), kidney biomarkers like creat-
inine (mg/dL) and urea (mg/dL) and cardiac biomarkers including creatinine Kinase MB
(IU/L) and cholesterol (mg/dL), were assessed using a chemistry analyzer (Randox company
Pvt) [27].

2.5. Anti-oxidants parameters

Antioxidant enzymes, like Superoxide dismutase (SOD), Glutathione (GSH), peroxidase
(POD), and Catalase (CAT) were quantified in various visceral tissues, including the heart,
liver, and kidneys according to previous protocols [28-30].
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2.6. Histopathology

The heart, kidneys, and liver tissues were promptly removed from both the treated and
control birds for histopathological alterations. These tissues were then preserved in a 15%
formaldehyde solution. Following fixation, all the tissues underwent a sequence of proce-
dures, including washing, dehydration using increasing ethanol concentrations, clearing with
xylol, and embedding in molten paraffin wax [31]. Multiple sections of each specimen were
obtained by rotary microtome, and a minimum of two slides, each containing three to four
sections, were processed. Subsequently, these slides were stained with hematoxylin and eosin
and examined under a light microscope [31,32].

2.7. Statistical analysis

To assess the differences in hematology, biochemical parameters, and antioxidant enzymes
among various groups, the mean values derived from replicates underwent statistical analysis
using Analysis of Variance (ANOVA) techniques. Tukey’s test was employed to compare the
means of distinct groups, with a significance level set at P <.05. This threshold was considered
indicative of statistical significance.

3. Results
3.1. Hematology

The values of RBC count in broilers administered with different doses of lufenuron in differ-
ent groups are indicated in Fig 1. The results showed that RBC counts in the treated broiler
was significantly (<0.05) different from the broiler kept in the control group. The RBC count,
PCV, hemoglobin, and MCHC significantly (<0.05) decreased at higher doses in groups D-E
at 26 and 39 days of the experiment. The values of WBCs and MCH significantly (<0.05)
increased in groups D-E at days 26 and 39 of the experiment.

3.2. Serum biochemistry

The results showed significant alterations in the serum biochemistry of broilers exposed to
higher concentrations of lufenuron, especially in groups D and E, as compared to broilers of
the control group (Fig 2). A significant increase in values of liver biomarkers including ALT,
AST, and ALP, was observed in broilers of groups D and E on days 26 and 39 of the study.. A
substantial augmentation in the concentration of kidney biomarkers including urea and creat-
inine was evaluated in groups D and E on days 13, 26, and 39 of the study. However, values of
heart biomarkers, including cholesterol and creatinine kinase showed a remarkable increase in
broilers of groups D and E at days 26 and 39 of the study.

3.3. Status of antioxidants and oxidative stress parameters in the heart,
liver, and kidneys

The concentrations of oxidative stress parameter POD and non-enzymatic antioxidant
GSH showed a similar patterns of alteration in heart tissues of the broiler during the whole
experimental procedure. It was observed that the values of POD and GSH decreased in heart
tissues of groups D and E on days 26 and 39 of the study. Catalase and SOD values decreased
significantly in group D at day 39, while decreased significantly in group E at day 26 and 39 of
the study (Fig 3).

It was observed that the values of GSH decreased in liver tissues of group D and E at day
26 and 39 of the study. While POD values decreased significantly in group D at days 26 and
39, while the contents of POD decreased significantly in group E at days 13, 26, and 39 of
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Fig 1. Comparison of various hematological Profile of broilers administered different doses of lufenuron. Bars indicate values
(mean + SE), while * indicates significant difference at p <0.05. Data obtained from each group (mean+SE) was subjected to Tur-

key’s post hoc test.

https://doi.org/10.1371/journal.pone.0319157.g001
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Fig 2. Comparison of various biochemical profile of broilers administered different doses of lufenuron. *p <0.05, Data obtained
from each group (mean+SE) was subjected to Turkey’s post hoc test.

https://doi.org/10.1371/journal.pone.0319157.9002

the study. Catalase and SOD showed the same pattern of alteration. During the study, it was
observed that CAT and SOD values decreased significantly in group D at days 26 and 39 while
decreasing significantly in group E at days 13, 26, and 39 of the study (Fig 4).

In kidney tissues, the same pattern of alterations in the values of oxidative stress parameter
(POD) and non-enzymatic antioxidant (reduced GSH) and enzymatic antioxidants (CAT and
SOD) were observed during the study. It was observed that the concentrations of POD, GSH,
CAT, and SOD decreased in the kidney tissues of broilers of group D at day 39 and group E at
days 13, 26, and 39 of the study (Fig 5).

3.4. Histopathology

On days 26 and 39 of the experiment, distinct histological abnormalities were evident in the
kidneys of broilers reared in groups E, including extensive necrosis of tubular cells, necrosis
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Fig 3. Status of various antioxidants in heart tissue of broiler exposed to various concentrations of lufenuron. *p <0.05, Data
obtained from each group (mean+SE) was subjected to Turkey’s post hoc test.

https://doi.org/10.1371/journal.pone.0319157.g003

Superoxide dismutase (IU/mgHb) Catalase (IU/mgHb)
39 DAYSH 11.16 11.19 1073 39DAYSH 523 503 5.0
45
26 DAYSH 11.52 1118 1095 26 DAYS- 531 5.4
4.0
13DAYSH 1147 1139 1132 13DAYS- 534 530 i

T T
A B Cc

39 DAYS- 8.15 39 DAYS 7.69 7.11

26 DAYS- 7.77 26 DAYS- 7.65 7.37

13 DAYS- 7.67 13 DAYS- 7.68 7.55

T T
A B

Fig 4. Status of various antioxidants in liver tissue of broiler exposed to various concentrations of lufenuron. *p <0.05, Data
obtained from each group (mean+SE) was subjected to Turkey’s post hoc test.

https://doi.org/10.1371/journal.pone.0319157.9g004
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Fig 5. Status of various antioxidants in kidney tissues of broiler exposed to various concentrations of lufenuron. *p <0.05, Data
obtained from each group (mean+SE) was subjected to Turkey’s post hoc test.

https://doi.org/10.1371/journal.pone.0319157.g005

of tubular cells, widening to urinary space, edema, and degeneration and necrosis of renal
tubules. Similar moderate histopathological observations in the kidneys of broilers from group
D at day 26 while increased severity of histopathological alterations (extensive necrosis of
tubular cells, tubular necrosis, edema, and degeneration of renal tubules) was observed at day
39 of the study. revealed. Various liver sections of different birds from group E at days 26 and
39 indicated various pathological abnormalities, including congestion, vacuolar degeneration,
disorganization of hepatic cords, increased sinusoidal space, and necrotic hepatocytes. Con-
versely, similar moderate pathological lesions in the liver sections of broilers from group D at
day 26 while severe at day 39 were observed. The histopathological examination of the heart
in broilers from group D-E at day 39 showed severe pathological changes, including degenera-
tion and disorganization of cardiac muscles, edema, necrosis of cardiac myocytes, breakdown
of muscle fibers inflammatory material, exudate, and fatty infiltrations were observed in var-
ious sections of the hearts of broilers. On day 26 moderate histopathological lesions in group
D at day 26 while severe at day 26 in broilers of group E were examined in the current study.
Mild to moderate histopathological lesions in the liver, kidneys, and heart of broilers exposed
to lufenuron of group C were examined on days 26 and 39 of the trial.

4. Discussion

Ensuring food security is a key sustainable development goal in many developing countries
[33]. Lufenuron, a benzoylphenylurea, and a vital pesticide in the insect development inhib-
itor (IDI) family exhibits lasting environmental persistence with an average field half-life of
5-13 days [34]. Residues of lufenuron in soil, fruits, and various plant components pose a
significant threat to ecological species in agricultural areas. Monitoring and evaluating these
agrochemicals are crucial to reduce harmful effects on public health, as studies suggest that
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pesticides can induce gonadotoxic effects [2,35], genetic abnormalities, cancer, infertility, and
prenatal deformities in non-target species [36-38].

In the current experimental trial, the values of RBC count, PCV, hemoglobin, and MCHC
significantly (<0.05) decreased at a higher dose in group D and group E of broiler, while the
values of WBCs, MCH significantly (<0.05) increased in group D and E of the current study.
Similar results were observed in Japanese quail [39] and White Leghorn cockerels [3]. The
lower hematological profile in bailors administered higher [3] doses of lufenuron could be due
to toxic effects on red blood cells, hemolysis of erythrocytes in microvasculature, and physi-
ological disturbances on blood forming tissues in bone marrow [2]. The increased values of
total white blood cells might be due to the triggering of inflammation in multiple exposed tis-
sues of broilers. Moreover, it is also recorded that various environmental pollutants/toxicants
can trigger the complex process of inflammation, leading to the induction of oxidative stress
in various systems of exposed living organisms [40]. The lower concentrations of hemoglobin
and erythrocytes in treated birds may be due to the toxic effects of lufenuron on bone marrow
and abnormal physiological disturbances in the kidneys and liver. The values of the biomark-
ers of kidneys (urea and creatinine), liver (ALP, AST, and ALT), and heart (cholesterol and
creatinine kinase) showed significant augmentation in the serum of broiler exposed to higher
doses of lufenuron. In previous studies, similar results were observed in Japanese quail [41],
male albino rats [42] and adult cockerels [3,11]. The broilers exposed to various concentra-
tions of lufenuron showed a significant decline in the values of various antioxidants (reduced
GSH, CAT, SOD). Our results are best supported by literature, which reported a similar
significant reduction of antioxidant enzymes in quails exposed to toxins [43,44]. The decrease
in concentrations of antioxidant enzymes in our study might be related to the induction of
oxidative stress by lufenuron in broilers. It is well established that SOD and CAT play essential
and vital role in detoxifying hydrogen peroxide and superoxide radicals, while POD hunt lipid
peroxides [45]. The adverse hepatic alterations in birds exposed to lufenuron could be due
to being the primary site of normal metabolism and an important visceral organ involved in
various detoxification mechanisms [46-48]. Previously, different studies have indicated that
overproduction of free radicals due to exposure to toxicants induce oxidative stress associated
with depletion of antioxidant enzymes resulting in poor performance of immune system of
exposed organisms [49-51].

The depletion of these antioxidant enzymes impairs the neutralization capacity and thus
enhances the induction of oxidative damage. Furthermore, the depletion of glutathione,
glutathione-S-transferase, CAT, and SOD in the liver and kidneys of rodents due to oxidative
stress has been recorded [52-54]. Moreover, overproduction and unregulated free radicals
suppress CAT, SOD, and POD leading to biomolecular oxidation and cell injury [55]. Distinct
histological abnormalities were evident in broilers’ kidneys, liver and heart. Kidneys exhibited
necrosis of tubular cells, tubular necrosis, edema, and degeneration of renal tubules of broiler
exposed to higher concentrations of lufenuron. Previously, it was observed in quails exposed
to toxins [56]. Lufenuron induced various histopathological abnormalities, congestion, vac-
uolar degeneration, disorganization of hepatocytes, and necrotic hepatocytes in the liver of
broilers. The microscopic lesions in the kidneys of broilers administered lufenuron at higher
concentrations could be associated with the triggering of inflammation causing the generation
of free radicals [2,6,8]. Previously, scanty information can be found in the kidneys and liver
of broilers administered various doses of lufenuron. The microscopic lesions could be due to
exposure to lufenuron, resulting in the activation of various prototypical AhR-regulated genes
(Cyplbl, Nqol, Cyplal, and mRNA) responsible for the induction of microscopic ailments
due to nuclear localization [57]. The histopathological lesions in multiple visceral organs
could also be related to stimulation and activation of different pathways (TLR4/NF-kB/NLRP3
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and TNFa/TNFR1), causing the formation of the complex (RIPK1/RIPK3) and activation of
NLRP3 and Caspase-1 inflammasomes [58]. The histo-architectural changes in the kidneys of
bailors administered higher levels of lufenuron could also be associated with increased release
(interleukin-8) and alterations (interleukin-8 promoter) due to acetylation of histone and
methylation of nuclear material. Furthermore, the necrotic changes in various visceral organs
in our study, including the liver, kidneys, and heart, could be due to the induction of oxidative
stress by lufenuron [8,10]. In previous studies, similar results were observed in Collumba livia
[59] and Gallus birds [13](Khan, 2022). Degeneration, myofibrillosis, inflammatory exudate,
and edema were observed in the heart tissue of broilers exposed to higher doses of lufenuron.
Previous studies did not provide any published data on the histological changes in the hearts
of broilers induced by lufenuron.

In conclusion, lufenuron has the potential to induce oxidative stress, depletion of various
antioxidant enzymes, and histoarchitectural alterations in multiple visceral organs. Given
these potential risks, poultry farmers should seek ways of carrying out pest management that
will not interfere with the health of the animals. There are natural and organic methods being
tried, like essential oils, probiotics, and organic acids, which have been found to enhance gut
health and performance in broiler chickens. As an illustration, organic acidifiers could be
anti-bacterial in nature and serve to enhance gut microbiota, thereby decreasing dependence
on chemical pesticides like Lufenuron. Besides this, the inclusion of nutraceuticals in the form
of antioxidants and herbal supplementation could enhance the immune system through a
reduction in oxidative stress and also provide a new paradigm for poultry health management.
Further chronic exposure analyses and searches for alternative active ingredients with the
capability of providing good pest control without health and welfare implications for broilers
should be carried out. By paying proper attention to animal health and sustainability in poul-
try production methods of pest control, increased productivity will be achieved in a manner
that doesn’t compromise the safety and welfare of broiler chicken birds and consumers.
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