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Introduction:-

Deltamethrin is a widely used pyrethroid insecticide. Exposure to deltamethrin not only affects insects but can also
negatively impact non-target organisms, such as mammals. Toxic effects caused by deltamethrin exposure on non-
target organisms include disruption of the nervous system and other organs. Direct contact with the skin can cause
irritation, itching, rashes, and inflammation. Contact with the eyes can cause irritation, inflammation, and redness.
Inhalation of deltamethrin can irritate the respiratory tract, causing coughing and difficulty breathing. Ingestion can
cause digestive problems, nausea, vomiting, and diarrhea (Tomassoni et al., 2015).

Deltamethrin, once ingested, is metabolized by microsomal enzymes in the liver and broken down into metabolites.
Deltamethrin metabolites can trigger the formation of reactive oxygen species (ROS). Continuous exposure to
deltamethrin, when the amount of ROS in the body is too high, can lead to oxidative stress. This oxidative stress can
cause damage to lipids, DNA, and proteins, and can further lead to cell death and apoptosis (Sharma et al., 2014).
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Rehman et al. (2006) stated that oral administration of deltamethrin at doses of 5, 6, and 18 mg/kgBW for 15 days in
Swiss strain mice significantly induced lipid peroxidation (LPO) in the liver. In line with this, there was a decrease
in the activity of antioxidant enzymes such as glutathione peroxidase (GPx), glutathione S-transferase (GST), and
catalase. Research by Otgu et al. (2023) showed that intraperitoneal administration of deltamethrin at a dose of 30
mg/kgBW in Wistar rats during the 6-21 day gestation period caused follicular degeneration, pyknotic nuclei, and
hyperplasia cells in the mother rats. Another study conducted by Ali and Farzaneh (2014) showed the effect of
deltamethrin at doses of 2.5, 5, and 10 mg/kgBW, causing a decrease in the number of primary and secondary
follicles, an increase in the number of atretic follicles, and a significant decrease in the corpus luteum. Previous
research used pure deltamethrin, so further research is needed on the effect of administering the insecticide
deltamethrin on the ovarian structure of mice (Mus musculus L.).

Materials and Methods:-

Research materials:-

The test animals used in this study were 15 female mice (Mus musculusL.), aged 12 weeks with an average body
weight 26.7 grams. The mice were acclimatized for 7 days (1 week) and given food and water ad libitum. The test
material used was the insecticide deltamethrin® in packaging with a deltamethrin content of 25 grams/liter.

Research procedures:-

Mice were treated with deltamethrin at doses of 18 mg/kgBW, 36 mg/kgBW, and controls were given corn oil or no
deltamethrin. Treatment was carried out daily for 14 days intraperitoneally with a dose of 1 ml/day. On the 15th day,
the mice were anesthetized and dissected, then the ovaries were removed for histological preparations using the
paraffin method and Hematoxylin-Eosin staining. The parameters observed in this study included the number of
primordial, primary, secondary, Graafian, and atretic follicles. Ovarian histology slides were observed using a
binocular microscope at 400x magnification.

Statistical Analysis:-

The research data was analyzed quantitatively using a One-Way ANOVA test with a 95% significance level
(o = 0.05) to evaluate the effect of the dose treatment. Duncan's test was performed to identify significant
differences between treatment groups.

Results and Discussion:-

In this study, we observed the number of follicles in mice (Mus musculus L.) after administration of the insecticide
deltamethrin. The observed follicles included primordial, primary, secondary, Graafian, and atretic follicles. The
results of the calculation of the number of follicles in each treatment group are shown in Table 1. Based on one-way
ANOVA analysis, the p value>0.05 was shown for the number of primordial and primary follicles, but the p
value<0.05 was shown for the number of secondary, Graafian, and atretic follicles. This indicates that the treatment
of deltamethrin insecticide did not significantly affect the average number of primordial and primary follicles but
significantly affected the average number of secondary, Graafian, and atretic follicles. The results of further tests
using DMRT (Table 1) showed that the number of secondary and atretic follicles in treatment K was not
significantly different from treatment D1, but significantly different from treatment D2 and the number of Graafian
follicles in treatment K was significantly different from treatments D1 and D2. The research results can also be seen
in Figure 1.

Table 1 Average number of primordial, primary, secondary, Graafian and atretic follicles in mice after
administration of deltamethrin insecticide

Average number of follicles

Follicle type (x£SD)

Control (K) 6 mg/kgBW (D1) 36 mg/kg BB (D2)
Primordial 22.20+17.25° 13.66+12.89" 20.00 £15.77°
Primary 39.80 +28.39% 34.33+26.86" 42.75+7.32%
Secondary 9.40 +£2.30° 9.00 + 2.00° 4.00 + 1.83°
Graaf 3.80 +1.30° 2.00+ 1.00 1.00 + 0.82°
|Atretic 2.20 +1.48° 8.00 £ 8.89° 37.50+11.09°
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Description: The same letter notation behind the numbers in the same row indicates no significant difference
between treatment groups.
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Figure 1. Number of ovarian follicle types after administration of deltamethrin insecticide

Deltamethrin that enters the body of an organism will be metabolized by the body. The main metabolic results of
deltamethrin are oxidative metabolites (2°, 4’- and 5-OH-deltamethrin) and metabolites of trans-methyl and ester
groups (3-phenoxybenzoic acid (3-PBA) and 4’- and 2°-OH-PBA) (Lu et al., 2018). Previous research in rodents
showed that deltamethrin is rapidly metabolized by esterase, which is then widely distributed by liver microsomal
enzymes (Rehman et al., 2014). Deltamethrin metabolism in mice produces the main metabolites in the form of 3-
PBA, 4’- and 5’-OH-deltamethrin (Shono et al., 1979). Other research added that 4-OH-deltamethrin is more toxic
than deltamethrin in SH-SYS5Y cells. The results of the study by Romero et al. (2012) showed that deltamethrin and
its metabolites cause oxidative stress.

Oxidative stress is a condition of imbalance between oxidants and antioxidants in the body, through the excessive
formation of free radicals and/or ROS, such as hydroxyl (OH), superoxide (O2-), and hydrogen peroxide (H202)
(Lu et al., 2018). Research by Rehman et al. (2006) states that deltamethrin causes oxidative stress in the body
through the formation of ROS. The results of other studies support this statement, which show that deltamethrin
significantly increases ROS production in PC12 cells (Li et al., 2007).

The presence of ROS in the ovaries is found in follicular fluid. Follicular fluid contains macrophages, leukocytes,
and cytokines, which are known sources of ROS. ROS present in this follicular fluid plays a role in oocyte
maturation and development. This suggests that ROS at certain levels are necessary for ovarian physiological
processes. However, when ROS accumulates beyond a certain level or even too high in the ovaries, it can cause a
decrease in follicular fluid, inhibit meiosis, disrupt oocyte maturation, cause direct damage to the oocyte, and even
lead to infertility (Ali and Farzaneh, 2014).

Several types of pyrethroids and their metabolites can disrupt the function of several hormone receptors, further
affecting the endocrine system and reproductive organs. Several studies have identified deltamethrin and its
metabolites as endocrine disruptors (Marettova et al., 2017). Deltamethrin is considered a compound similar to
estrogen. Consequently, deltamethrin can inhibit estrogen action through direct interaction with estrogen receptors
and may function as an endocrine modulator (Kim et al., 2004).

Estrogen is a steroid hormone that plays a crucial role in regulating the female reproductive system. In the ovaries,

estrogen is produced by follicle cells or granulosa cells. Estrogen production in granulosa cells occurs when
Luteinizing Hormone (LH) stimulates theca cells, resulting in the production of androgens.
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The aromatase enzyme found in granulosa cells, along with Follicle Stimulating Hormone (FSH) stimulation,
converts androgens into estrogen. Estrogen binds to estrogen receptors in target cells, such as granulosa cells and the
endometrium. Activation of these receptors regulates the production of gonadotropin hormones, FSH and LH, by the
anterior pituitary, and induces follicle proliferation and maturation. When deltamethrin binds to estrogen receptors,
it can disrupt the regulation of FSH and LH production, as well as disrupt follicle proliferation and maturation
(Marettova et al., 2017).

Based on research by Ali and Farzaneh (2014), it was shown that administration of deltamethrin at doses of 2.5, 5,
and 10 mg/kgBW to mice resulted in a significant decrease in the number of primary and secondary follicles, and a
significant increase in the number of atretic follicles. In this study, it was found that administration of deltamethrin
at doses of 18 and 36 mg/kgBW to mice resulted in a significant decrease in the number of secondary and Graafian
follicles, and a significant increase in the number of atretic follicles. This indicates that administration of
deltamethrin to rodents (in this case, rats and mice) can cause a decrease in the number of follicles at several stages
of development and an increase in the number of atretic follicles. The results of observations of mouse ovarian
follicles after administration of deltamethrin can be seen in Figure 1.
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Figure 2. Mouse ovarian follicles at various stages of development (Magnification 400x)

Description: (A) Primordial follicle, (B) Primary follicle, (C) Secondary follicle, (D) Graafian follicle, (E) Atretic
follicle; (a) Oocyte; (b) Follicular cell; (¢) Antrum; (d) Connective tissue. Folikel ovarium mencit setelah pemberian
deltametrin dapat dilihat pada Gambar 1.

The results showed that the number of secondary and Graafian follicles decreased significantly. Furthermore,
follicles in the mouse ovaries experienced degeneration (atretic) at various stages of development, as indicated by a
significant increase in their number. The higher the deltamethrin dose given to the mice, the more the number of
secondary and Graafian follicles decreased, while conversely, the number of atretic follicles increased. The
increasing number of atretic follicles with increasing deltamethrin dose can be seen in Figure 2.
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Figure 3. Atretic follicles in each treatment group (400x magnification)

Description: (A) Control; (B) 18 mg/kgBW; (C) 36 mg/kgBW; arrows indicate atretic follicles

Conclution:-

Administration of the insecticide deltamethrin at doses of 18 and 36 mg/kgBW to mice (Mus musculus L.) caused
damage to the ovarian structure, including a decrease in the number of secondary and Graafian follicles, as well as
an increase in the number of atretic follicles.
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