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Abstract

The aim of this study was to explore small bowel tissue injury through duodenal histopathology of mice (Mus musculus)
exposed to carbofuran. The measured parameter was duodenal epithelial integrity. The experiment involved thirty
female mice, divided into four treatment groups: PO (control) was not exposed to carbofuran but substituted with 0.9%
NaCl; P1 was exposed to 0.0104 mg/kg Body Weight of carbofuran; P2 was exposed to 0.0208 mg/kg Body Weight of
carbofuran; P3 was exposed to 0.0407 mg/kg Body Weight of carbofuran. The experimental design was a completely
randomized design with four treatments and five replications. Data were analyzed using the Kruskal-Wallis test,
followed by the Mann-Whitney test if there were significant differences among treatment groups. The results suggested
that carbofuran exposure caused desquamation and epithelial erosion, with the effective dose for duodenal
histopathology change being 0.208 mg/kg Body Weight.
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1. Introduction

Pesticides widely used in agriculture to increase fruit, vegetable, and grain yields have been found to contain pesticide
residues [1]. Commonly used carbamate pesticides in agriculture include carbofuran, aldicarb, and carbaryl [2].
Carbofuran, frequently used in agriculture, has positive impacts on agricultural development but leaves residues on
livestock and crops [4]. Residues of pesticides in food can harm non-target organisms [5]. Carbofuran has a wide
spectrum and is highly toxic to mammals [6]. High mammalian toxicity occurs through oral and inhalation exposure [7].

Oral carbofuran exposure can trigger the formation of Reactive Oxygen Species (ROS) [8]. ROS formation leads to
oxidative stress, resulting in tissue damage and cell death [9]. Insecticides that enter the body orally undergo a digestive
process similar to food. In the digestive tract, the small intestine is responsible for digesting food and water entering
the body. Additionally, the intestine can be a primary portal for the entry of unwanted substances into the body, such
as drugs and pesticides [10]. The duodenum is the most proximal part of the small intestine that first contacts chyme
for absorption and distribution throughout the body, transporting chyme into the liver for detoxification via the portal
vein [11].

Oral exposure to insecticides can cause gastrointestinal hypermotility and malabsorption [12]. Malabsorption and
gastrointestinal hypermotility lead to poor digestion and disruption of the protective barrier of the gastrointestinal tract
[13], resulting in mucosal layer irritation due to epithelial cell shedding [14].
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This research serves as an initial study on the dangers of carbofuran to the gastrointestinal tract. This preliminary study
aims to provide information about the dangers of carbofuran and can be continued by future researchers as an effort to
minimize pesticide poisoning.

2. Materials and Methods

2.1. Materials

The materials used in this study were Balb/c mice, carbofuran (Furadan® 3 GR - PT Bina Guna Kimia - MDL
MFCD00041819), complete chicken feed CP 593 (PT. Charoen Pokphpand Indonesia), PDAM drinking water,
chloroform, 70% alcohol, 0.9% physiological NaCl, 10% formalin, and cotton. The research instruments used in this
study were mice cages, mice feeders and waterers, disposable syringes (3 ml and 10 ml), a light microscope, a stomach
tube, surgical equipment (forceps, scalpel, surgical scissors), gloves, masks, anesthesia jars, test tubes, test tube racks,
test tube stoppers, Petri dishes, alcohol spray, analytical scales, label paper, blotting paper, and medicine cups.

2.2. Methods

2.2.1. Dose Determination

This study used an LD50 dose of carbofuran of 0.5 mg/kg BW in mice [15]. The doses used in the study were 0.0417
mg/kg BW, 0.0208 mg/kg BW, and 0.0104 mg/kg BW [16]. The Furadan used in this study contained 3% carbofuran.

2.2.2. Animal Preparation

The mice (Mus musculus) were acclimated for seven days to reduce stress and adapt to the environment. The mice were
placed in plastic cages and provided with ad libitum food and water. Subsequently, they were randomly selected and
divided into four treatment groups (PO, P1, P2, P3), each with five replicates.

2.2.3. Treatment

Female mice (Mus musculus) that had been acclimated and randomly selected using simple random sampling were
divided into four treatment groups and exposed to carbofuran. The control group (P0) was not exposed to carbofuran
and was substituted with 0.9% physiological NaCl, while group P1 was exposed to a dose of 0.0104 mg/kg BW of
carbofuran, group P2 was exposed to a dose of 0.0208 mg/kg BW of carbofuran, and group P3 was exposed to a dose of
0.0417 mg/kg BW of carbofuran. Oral carbofuran exposure was administered for 10 days [16].

2.2.4. Histological Preparation

After 10 days of carbofuran administration, euthanasia was performed on the 12t day by placing the mice in an
anesthesia jar containing chloroform. Subsequently, a surgical procedure was performed to remove the duodenum. The
removed duodenum was placed in a medicine cup containing 10% formalin, and histological preparations were made
using Hematoxylin and Eosin (HE) staining.

2.2.5. Histological Preparations

Microscopic observation of mice duodenal histological preparations was performed using a light microscope at 400x
magnification, with observations made in five different fields of view for each mice duodenal histological preparation.
The level of histopathological damage to duodenal epithelium was assessed using a scoring system.

2.2.6. Observed Variables

Histological preparations of the duodenum from each mice were made by taking sections from the beginning, middle,
and end of the duodenum. The observed variable was the histopathological appearance of the duodenum, which
included epithelial integrity, with a score assigned to each field of view in each histological preparation [17]. Each field
of view was observed for changes five times and averaged. The average was then calculated for each group based on the
number of samples.
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Table 1 Histopathological assessment of duodenal epithelium using Barthel Manja’s mucosal integrity score [17]

Score Mucosal Epithelial Integrity

0 No pathological changes

1 Desquamation of epithelium

2 Surface epithelial erosion (gap 1-10 epithelial cells/lesion)
3 Epithelial ulceration (gap > 10 epithelial cells/lesion)

2.2.7. Data Analysis

A Completely Randomized Design (CRD) was used in this experiment. Data analysis was performed using statistical
tests, with the Kruskal-Wallis test conducted using the Statistical Programs for Social Scientific (SPSS) software. If
significant differences were found among treatment groups, the Mann-Whitney test was used for comparisons.

3. Results and Discussion

Based on the research, various treatments were applied, including the control group (P0), which was not exposed to
carbofuran but was substituted with 0.9% NaCl, and three carbofuran-exposed groups: P1 (0.0104 mg/kg BW), P2
(0.0208 mg/kg BW), and P3 (0.0417 mg/kg BW). The NaCl and carbofuran exposure were given orally for 10 days to
study the histopathological appearance of the duodenum in female mice (Mus musculus).

Based on the calculation with the assessment of duodenal histopathological appearance using the Barthel Manja's
mucosal integrity scoring method, all groups were tested using the Kruskal-Wallis test in SPSS. If the results showed

significant differences (p < 0.05), the Mann-Whitney test was performed to compare between treatment groups.

Table 2 Duodenal Epithelial Integrity Assessment Due to Carbofuran Administration for 10 Days.

Group Mean + SD

PO: control 1.262+ 0.176
P1: carbofuran administration 0.0104 mg/kg BW 1.302+0.196
P2: carbofuran administration 0.0208 mg/kg BW 2.10 + 0.203
P3: carbofuran administration 0.0417 mg/kg BW 2.23b + 0.436

Note: The same superscript in different rows in the same column indicates no significant difference (p < 0.05).

Based on the Kruskal-Wallis test results, significant differences were found (p < 0.05). Subsequently, further analysis
was conducted to compare between treatment groups using the Mann-Whitney test. When comparing the same
treatment duration, the control group for 10 days showed no significant difference with the group receiving 0.0104
mg/kg BW of carbofuran. However, when compared with the group receiving 0.0208 mg/kg BW and 0.0417 mg/kg BW
of carbofuran, significant differences were observed. Comparing groups with the same treatment duration, specifically
the 0.0104 mg/kg BW carbofuran treatment with the 0.0208 mg/kg BW and 0.0417 mg/kg BW carbofuran treatments,
significant differences were observed. In contrast, there was no significant difference when comparing the group
receiving 0.0208 mg/kg BW of carbofuran with the group receiving 0.0417 mg/kg BW of carbofuran. This suggests that
the dose affects the histopathological appearance of the duodenum in female mice (Mus musculus).

One way to determine the effect of a substance on the gastrointestinal tract is to examine histopathological changes.
Based on the results of this research, it is known that the active ingredient in Furadan® 3GR, carbofuran, affects the
histopathological appearance of the duodenum. Carbofuran has high toxicity to mammals when orally exposed and
inhibits cholinesterase enzymes, inhibiting the hydrolysis of acetylcholine into choline and acetic acid, causing
organophosphorus poisoning symptoms. Excessive accumulation of acetylcholine leads to increased gut motility,
resulting in clinical manifestations of diarrhea [18].

Oral carbofuran exposure can lead to increased Reactive Oxygen Species (ROS). Increased ROS can occur because
carbofuran binds to mitochondria, disrupting mitochondrial function. This disruption leads to ATP depletion and
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increased production of reactive oxygen species. Carbofuran can damage the unsaturated fatty acid structure in cell
membranes, causing cell walls to become brittle, ultimately resulting in cell death.
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Figure 1 Histopathological appearance of mice duodenum exposed to carbofuran (400x magnification). PO: control
shows no pathological changes; P1: Treatment 1 shows epithelial desquamation; P2: Treatment 2 shows surface
epithelial erosion; P3: Treatment 3 shows epithelial ulceration. P0: control without carbofuran exposure for 10 days,
P1: carbofuran administration 0.0104 mg/kg BW for 10 days, P2: carbofuran administration 0.0208 mg/kg BW for 10
days, P3: carbofuran administration 0.0417 mg/kg BW for 10 days.

Based on the research conducted, it is evident that carbofuran can cause changes in duodenal epithelial integrity. The
analysis results indicate significant differences between the control group and the carbofuran-treated group. The
control group, when compared to the carbofuran treatment at 0.0208 mg/kg BW and 0.0417 mg/kg BW, showed no
significant difference. The histopathological changes observed in the duodenum include epithelial desquamation,
surface epithelial erosion, and epithelial ulceration, which are believed to be caused by carbofuran [19].

Carbofuran exposure can lead to the shedding of surface epithelial cells and a reduction in mucus secretion, which is a
protective barrier against acid attacks. This is related to the stimulation of the autonomic nervous system, the
parasympathetic system, which leads to increased gastric acid secretion [20]. High acidity can suppress mucus
production, reducing mucosal resistance and making it easier for surface epithelial cells to become damaged [21].

4., Conclusion

The administration of carbofuran in mice at doses of 0.0208 mg/kg BW and 0.0417 mg/kg BW can lead to
histopathological changes characterized by epithelial desquamation and erosion of the epithelial surface. The exposure
dosage of carbofuran influences the histopathological changes in the duodenum of mice, and the dose of 0.208 mg/kg
BW is an effective dose that can induce histopathological changes in the duodenum, including epithelial desquamation
and erosion of the epithelial surface.
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