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Abstract
This study was designed to observe the effect of carbofuran induction as a trigger for
ROS on duodenal histopathology in infant mice exposed to transmammary. This study aimed
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to evaluate any inflammation, degeneration and duodenal necrosis in the infant mice from the
carbofuran exposed mothers during the lactation periods. There were 20 strain Balb/C mice
were divided into four groups, each group contained five mice. Control Group induced with
0.1 ml/kg Body Weight (BW) of aquades, Carbofuran Group 1/16 LDs with the dose of
0.3125 mg/kg BW, carbofuran Group 1/8 LDs, with the dose of 0.625 mg/kg BW, and
Carbofuran Group 1/4 LDs, with the dose of 1.25 mg/kg BW. Mice mothers were exposed to
carbofuran orally from Day 1 to 9 after giving birth. On Day 10, infant mice were sacrificed,
one from each parent. Next, the infant mice duodenums were stained using hematoxilin-
eosin. The results show that carbofuran exposure causes an increase in inflammation (p =
0.001), degeneration (p = 0.001) and necrosis (p = 0.002). Carbofuran leads to oxidative
duodenal stress in infant mice which triggers the increase in inflammation, degeneration and
necrosis in infant mice’s duodenum along with the increasing doses.

Keywords: carbofuran, lactation, inflammation, degeneration, necrosis, duodenum

Introduction

Carbofuran is an insecticide that is often used in the agricultures to avoid pests or
diseases in the agricultural crops and plantations. Improper use can cause various side effects
for the environment." In the city of Batu, Malang, East Java, Indonesia, 95% of vegetable and
fruit farmers got poisoned by insecticide due to insecticide residues in their drinking water
and their agricultural products as an effect of intensive insecticide use.” This carbamate
insecticide is easily decomposed in the wild and in the food chain but is highly toxic in the
non-target animals.® Carbofuran has been proven to accumulate in fat and has a negative
impact on the brain, liver, ribbed muscles, non-target mammalian heart, maternal plasma,
umbilical cord, and new-borns."*

Lactation is a critical period of development of postpartum individuals because the organ
functions and systems are still developing, thus, so that they are more susceptible to
functional disorders.” Metabolic material in the milk due to insecticide exposure in the
lactating mothers allows the transmission of toxic substances to children.® The intestine is an
organ that plays an important role in the process of food absorption. The intestine can also be
the main channel or portal for the entry of unwanted substances in the body such as the toxic
insecticides and drugs.”’ According to Indraningsih,” the orally induced insecticides can
result in the hypermotility and malabsorption in digestive tract. Hypermotility and
malabsorption are caused by a decrease in enterocyte cell’s number due to the increased
Necrosis.

The effects of carbofuran create free radicals in the form of reactive oxygen species
(ROS) that can trigger the death of body cells.” High free radicals are dangerous for living
creatures.” Free radicals form the membrane lipid peroxidation, thus, the fatty acid chains in
cell membranes break down and provoke injury to the cells.'® Research conducted by **
showed an increase in MDA levels in the brains of mice exposed to carbofuran from their
mother's milk for four days. The increased levels of MDA indicate a rise in the damaged cell
membranes which leads to a decline in the cell function in the form of cell degeneration
(reversible) and necrosis (irreversible).” In addition, free radicals are known for increasing the
permeability of intestinal mucosa so that inflammatory cell’s infiltration can occur in the
intestinal mucosa. ****

Research on the effect of transmammary carbofuran administration is needed to find out
the effects that can be caused on the infants during breastfeeding. The duodenum of small
intestine is an important organ in digesting various substances that enter through the digestive
system, also an important organ in the metabolism of xenobiotic substances including
pollutants, drugs, and toxic components in food."* Observation of inflammatory cells,
degeneration and necrosis is one way to determine the effect of carbofuran exposure in the



mice mothers during the lactation periods against the duodenum of infant mice (Mus
musculus).
Methods

The research was carried out in the Department of Veterinary Anatomy, In vitro
Fertilization Laboratory and Veterinary Pathology Department of the Faculty of Veterinary
Medicine, Airlangga University, Surabaya in August - October 2019.

This study used 20 pregnant strain Balb/C female mice with the body weights around 25-
30 grams. It also employed Carbofuran 98% (Sigma Aldrich, Bellstain Registry number
1428746, Product of USA), distilled water, 70% alcohol, 10% formalin, experimental cage,
drinking pot, feeding tube syringe, 3 ml syringe, minor surgical instrument, petri dish, and
microscope Olympus® CX-41.

This study applied the approach of Carbofuran LDs, fraction given to mice mothers, they
were 1/16 LDsy with 0.3125 mg/kg BW, 1/8 LDs, with 0.625 mg/kg BW, 1/4 LDsy with1.25
mg/kg BW."

The pregnant mice mothers were adapted and divided randomly into 4 groups, each
group consisting of five mice. Carbofuran exposure is given in the lactation period of Day 1
to Day 9 orally. The control group was given with 0.5 ml of aquadest per day each, while the
treatment groups were induced with carbofuran solution with a dose of 1/16 LDs, (0.3125
mg/kg BW), 1/8 LDs (0.625 mg/kg BW), and 1/4 LDs; (1.25 mg/kg BW). On Day 10 infant
mice were sacrificed and its duodenums were taken, then the histopathological preparations
were made.

Observations were made using a 400x magnification microscope at five different fields
of view, then assessed using Wiadnyana’s scoring system (2015) as follows: inflammatory
cell’s infiltration (0) there was no inflammatory cell’s infiltration, (1) local or focal
inflammatory cell’s infiltration, (2) multifocal inflammatory cell’s infiltration, (3) even or
diffuse inflammatory cell’s infiltration. While for cell degeneration, it applied the scoring as
follow: cell degeneration (0) there is no cell degeneration, (1) local or focal cell degeneration,
(2) multifocal cell degeneration, (3) uniform or diffuse cell degeneration. Furthermore, for
necrocis, it used this following scoring: necrosis (0) no necrosis, (1) local or focal necrosis,
(2) multifocal necrosis, (3) even or diffuse necrosis.

Observation data were analysed using the Kruskall-Wallis test, if there were significant
differences it would be followed by the Mann-Whitney test. It calculated using Statistical
Program for Social Scientific (SPSS) version 21.

Results

The duodenum of the small intestine is a digestive organ that plays an important role in
digesting various xenobiotic substances including pollutants, drugs, and toxic components in
food." The observation of the duodenum in infant mice from mothers with carbofuran
exposure for nine days shows that there are microscopic changes in the form of inflammatory
cell’s infiltration, degeneration and necrosis. While, data from the Kruskall-Wallis test
reveals that the results are significantly different (p <0.05) in inflammatory cell’s infiltration,
degeneration and necrosis variables (see Table 1). The results present the infiltration of
inflammatory cells increases with the increasing doses (see Table 1). The increased visible
cell’s inflammation in the duodenal lamina propria displays a body response to injury from
carbofuran exposure (see Figure 1). In this study, it is also found that an increase in
degeneration along with the increasing doses of exposure. Duodenal fatting degeneration in
infant mice is indicated by an incline in fat vacuoles in the cell cytoplasm (see Table 1 and
Figure 2). Moreover, the results also indicate a growth in necrosis along with in an upgrade in
carbofuran doses, although there are no any significant differences between groups 1/8 LDs
(0.625 mg/kg BW) and 1/4 LDsq (1.25 mg/kg BW). Necrosis is characterized by the presence



of duodenal epithelial cell nucleus that experiences karyopyknotic, karyorrhexis and
karyolisis (see Table 1 and Figure 3).
Discussion

Carbofuran leaves residues in the environment and is easily absorbed by the body
through skin, inhalation and oral, which is then absorbed by the intestine.’ Toxic
manifestations of carbamate metabolites associated with the formation of free radicals
(ROS)." Carbofuran metabolites can reach the brain, muscles, heart, liver, placenta, foetus,
umbilicus, fat tissue, blood and milk.*®** Carbofuran has lipophilic properties so that it can
enter the mother's milk through the mother's blood plasma passively.”° Carbofuran
metabolites in the milk allow the transmission of harmful substances from mother to child.
The concentration of metabolites in milk can be higher than in the blood plasma because
blood flow to the mother is faster than the secretion, allowing for accumulation.®

Carbofuran stimulates reactive oxygen species (ROS) and causes the death of body cells
including intestinal epithelial cells.**” From this study, it is found an increase in MDA levels
in the brain of infant mice exposed to transmammary carbofuran for four days." The findings
support this study that carbofuran exposure to mothers during the lactation periods inclines
the free radicals in breast-fed infant mice. According to previous study, free radicals can
cause membrane lipid peroxidation, thus, the fatty acid chains in cell membranes break down
and trigger injury to cells."® This reaction produces MDA on the network. The increased
levels of MDA indicate the level of cell membrane damage that causes tissue damage.”

Inflammatory cells are one of the body's defence systems against toxic substances that
attack the body and respond to injuries.” Inflammatory cell activity occurs because of the
body being exposed to toxic antigens such as carbofuran. Non-specific immune responses
will work against these antigens at the site of damage.'® The presence of inflammatory cells
in the duodenal lamina propria shows the body's response to injury from the carbofuran
exposure (see Figure 1). The presence of inflammatory cells in tissues is a tissue response to
injury."® The results present that inflammatory cell’s infiltration increases along with the
increasing doses (Table 1). This indicates that carbofuran metabolites in the milk increase
along with the increasing ROS activity. In line with the previous research conducted, " there
is an increase in ROS activity by measuring the MDA levels of the brain in four-days-old
mice along with the increase in carbofuran doses given to the mothers. In its activity, ROS
causes lipid peroxidation which accelerates intestinal cell damage.'’ According to the
previous study,' lipid peroxidation triggers cells secreting the inflammatory cytokines that
activate the response of inflammatory cells. Based on the previous study,”’ ROS that occurs
causes the accumulation of inflammatory cells in the intestinal mucosa. Moreover,
inflammatory cells such as neutrophils and macrophages in the intestinal mucosa produce
more ROS which can damage the cytoskeleton protein and epithelial permeability which
leads to the damage of intestinal barrier.

The mechanism of carbofuran in causing the toxic effects in the form of increasing ROS
activity has been investigated.®"“ The presence of excessive amounts of ROS triggers the
formation of hydroxyl radicals that are highly reactive and harmful to the body. Hydroxyl
radicals interfere with the normal function of cells by producing membrane lipid
peroxidation. Lipid peroxidation then causes reversible lesions in the form of degeneration. In
line with previous research that changes in membrane lipids can lead cells to be unable to
maintain ionic homeostasis and fluids thus exposure to carbofuran can cause cell
degeneration.'’**

Degeneration due to the damaged cell membranes provoke the accumulation of lipids
and other particles in cells."” Duodenal degeneration is a form of fatty degeneration
characterized by the enlarged size in cytoplasm of duodenal epithelial cells due to the
presence of fat vacuoles, while in the staining of HE, cytoplasm containing fat appears empty



and the nucleus is pushed to the edge (see Figure 2). In this study, it is found an incline in
degeneration along with the increasing exposure doses (see Table 1). This is due to the
presence of increased ROS which is then followed by the increasing lipid peroxidation which
lead to the increased degeneration. In line with the research previously,”"" the administration
of carbofuran in mice causes a significant increase in MDA levels based on the length of
exposure and the dose of carbofuran. Degeneration and continuous damage to cell
membranes can affect the state of the cell. Membrane damage from cell organelles can affect
cell balance and metabolism so that it can cause cell death (necrosis). Groups of 1/16 LDsy,
1/8 LDsp, and Y2 LDs experience an increase in necrosis proportionally to the carbofuran
dose given to the mothers during lactation periods (see Table 1). Carbofuran metabolites in
mice mother's milk can trigger the duodenal necrosis of mice. Free radicals lead to ATP
depletion and stimulate the release of proteolytic enzymes resulting in necrosis. Changes to
the irreversible injury are associated with the increased cell swelling, ruptured lysosomes,
swollen mitochondria, and an increased calcium in the cytoplasm leading to a growth in
several enzymes including phospholipase and proteases which make the cell membranes
rupture. Membrane damage has passed the point of no return and irreversible damage can
occur because of the cell fails to maintain its balance. ™
Necrosis is characterized by the presence of duodenal epithelial cell nucleus that
experience karyopyknotic, karyorrhexis and karyolysis (see Figure 3). The results of this
study show necrosis grows along with the increase in carbofuran doses, although there were
no significant differences between groups 1/8 LDs, (0.625 mg/kg BW) and 1/4 LDs, (1.25
mg/kg BW) (see Table 1). This is because ROS causes other types of death through DNA
fragmentation and causes apoptosis."’ Apoptosis and necrosis are the two main modes of cell
death requiring the balanced molecular interactions between these two cellular death modes.
Several death initiators, effector molecules and signalling pathways have been identified as
primary mediators and as switches to decide which route of cell death to be taken depending
on the specific situation.”” The results of this study indicate the effects of carbofuran on organ
histopathological changes depending on the dose given. Previous researches *** show a
linear relationship that high doses cause high level of damage and compensation efforts.
Conclusion
Carbofuran exposure in the mice mothers during lactation periods can cause an increase
in inflammatory cell infiltration, degeneration and necrosis in the duodenum of infant mice
along with the increasing doses.
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Infiltration (MeanzSD) (Mean£SD)

(MeanzSD)
Control Group 0.04+0.06° 0.23+0.32° 0.00+0.00°
1/16 LDsp (0.3125 mg/kg BW) 0.12+0.03" 0.85+0.24" 0.08+0.03"
1/8 LDs (0.625 mg/kg BW) 0.21+0.11° 1.80+0.09° 0.24+0.10°
1/4 L Ds (1.25 mg/kg BW) 0.43+0.06° 2.13+0.29° 0.36+0.28°

Remarks: Different superscripts in the same column show significant differences (p <0.05).

Figure 1. Infiltration of inflammatory cells in the duodenum of infant mice shown in blue
arrows. A = control, B = 1/16 LDsg (0.3125 mg/kg BW), C = 1/8 LDsq (0, 625 mg/kg BW),
and D = 1/4 LDs (1.25 mg/kg BW). 400x magnification.
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Figure 2. Duodenal fatting Degeneration in infant mice shown in green arrows
(Characteristic of degeneration: there are fat vacuoles in the cell cytoplasm). A = control, B =
1/16 LDs (0.3125 mg/kg BW), C = 11/8 LDs (0.625 mg/kg BW), and D = 1/4 LDsg (1.25
mg/kg BW). 400x magnification.
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Figure 3. Duodenal necrosis of infant mice. Necrosis is characterized by karyopyknotic (blue
arrow), karyorrhexis (yellow arrow), and karyolisis (green arrow). A = control, B = 1/16



LDsp (0.3125 mg/kg BW), C = 1/8 LDsp (0.625 mg/kg BW), and D = 1/4 LDsp (1.25 mg/kg
BW). 400x magnification.
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