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Abstract

Endosulfan is a persistent organic pollutant commonly used as an insecticide in Indonesia. It has
been reported to cause teratogenic effects, i.e., to decrease humoral activity, produce inflammation, and
induce apoptosis in various type of cells. This study investigated the effect of endosulfan on the
expression of IL-1p, IL-6, IL-17, and TNF-a in rats (Rattus norvegicus), as well as the incidence of fetal
brain cell apoptosis. This experiment was carried out on pregnant rats divided into 4 groups: negative
control (I), endosulfan: 1 mg/kg (I11), 10 mg/kg (1), and 50 mg/kg (IV). The solution of endosulfan was
given daily during the 20-day test period. Rat serum was collected for the measurement of IL-1f, IL-6,
IL-17, and TNF-a using the ELISA kit. Fetal rat brains were taken and stained with Annexin V for
apoptosis detection. The proinflammatory cytokine levels in Groups II, III, and IV were higher than in
Group I, with significant increases of IL-1B (p = 0.016), IL-6 (p = 0.009), IL-17 (p < 0.001), and TNF-a
(p < 0.001). The intensity of Annexin V in 4 groups of rats showed that the incidence of apoptosis
increased with increasing endosulfan doses. In conclusion, the administration of endosulfan in pregnant
rats increased the expression of IL-1f, IL-6, IL-17, and TNF-a and triggered apoptosis in fetal brain cells.
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Introduction

Endosulfan (CoH¢CisO;S), chemically referred as 6,7,8,9,10,10-Hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,4,3-benzodioxathiepine-3-oxide, is an organochlorine compound from the
cyclodiene group, mainly used as insecticide [1]. In Indonesia, the use of endosulfan has been banned
since 2001 by Agricultural Minister Regulation 434.1/KPTS/TP.270/7/2001; however, it is in fact still
widely used by farmers, as it is an effective pesticide that is relatively cheap and easy to procure [2]. Prior
studies reported that vegetables, milk, soil, and water contained high levels of endosulfan [3-5], which is
persistent and causes bioaccumulation in the food chain. In Indonesia, a study in West Java detected
endosulfan and other organochlorine pesticides residues in catfish [6]. Moreover, analysis of paddy fields
in East Java found endosulfan residue in rice and paddy soil that exceeds Maximum Residue Limits by
Alberta Environment [2].
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Endosulfan enters the body through the skin, lungs, and intestinal tract. It has generally been shown
to have high acute toxicity if swallowed or inhaled, and to be slightly toxic upon skin contact. In addition,
it irritates the eyes, but does not cause skin sensitization [7-9]. In animals, endosulfan has a neurotoxic
effect, resulting from excessive stimulation of the central nervous system [10,11]. The toxicity effects of
endosulfan have previously been investigated in various organs such as the brain, kidney, liver, heart, and
reproductive system [7,11-14]. It has also been found that pesticides can cause disturbances in the body’s
immune system through exposure of macrophages inducing the production of NO (nitric oxide),
proinflammatory cytokines including IL-1, IL-6, IL-1f and TNF-a, and gene expression of NF-kf,
autoimmune deficiencies, decreases in CD4 cell counts, changes in the balance of T helper cell type 1
(Th1) and type 2 (Th2), decreases in T-lymphocyte responses to mitogens, decreased function of natural
killers, and decreased levels of IgA humoral immunity [15-17].

Accumulation of endosulfan in the body is stored in fatty tissues, hence, women are at greater risk
of endosulfan-induced toxicity because of their higher percentage of body fat [18]. Prior longitudinal
studies mentioned that organochloride pesticide exposure, including endosulfan, was closely related to the
incidence of fertility disorders, such as decreased fertility rates and spontaneous abortion [19].
Hematological and biochemical alterations, such as anemia, leukocytopenia, decreased serum protein and
albumin values, increased serum urea, creatinine, and estradiol levels, were reported in endosulfan-
exposed pregnant rats and rabbits [20,21]. Suppressed humoral and cell mediated immune responses of
pregnant rats exposed to endosulfan, citrinin, or both, during gestation days 6 - 20 [22]. In endosulfan-
exposed pregnant women, endosulfan metabolites are found in the placenta, umbilical cord blood, and
breast milk [23-26]. Fetuses can be exposed through placental transmission during pregnancy, as well as
breastfeeding. This indicates that the compound can affect the development of the fetus [25].

Endosulfan can cause apoptosis, necrosis, and a mixture of both. Necrosis increases the incidence of
cytotoxicity, which is known for the insulation of thymosin in rats with elevated levels of endosulfan.
Cytotoxicity caused by endosulfan is directly proportional to the amount and duration of endosulfan
exposure [11,14]. Endosulfan also induces toxicity in cell cultures, namely sustainable human T cell
leukemia, through apoptosis events [27]. Other study has reported that apoptosis events in liver, kidney,
and spleen cells were seen in pregnant rats and their fetuses [28].

In modern life, people and animals are exposed to varying degrees to the chemicals found in air,
water, food, or other consumer products. Humans are exposed to hundreds, or even thousands, of
chemicals in food alone. The effects of chemicals on humans and the environment are, thus, worthy of
special attention. In this study, we aimed to investigate the effect of various concentrations of endosulfan
on the level of IL-1B, IL-6, IL-17, and TNF-a as the proinflammatory cytokines, as well as to detect the
apoptosis levels in fetal rat brain cells caused by endosulfan neurotoxic activity.

Materials and methods

Research design
This study was a true experimental laboratory research with a randomized posttest-only control
group design. The simple random sampling method was employed to obtain the study subjects.

Test animals

The test animals used as the study subjects were Wistar strain female white rats (Rattus norvegicus),
8 weeks old, pregnant, weighing 120 - 150 grams. After a one-week acclimatization period, the female
rats mated with male rats of the same strain. After mating, each female rat was caged in an individual box
and labeled according to the treatment group. The box was made from polypropylene sized 7x9.5x7
inches and covered with woven wire. Rats were given standard normal diet Comfeed PAR-S 20 gr/day
and ad libitum access to water. A room with optimum temperature (22 - 24 °C), 50 - 60 % humidity, and
12:12 light-dark cycle was maintained regularly. All experimental procedures were performed in
accordance to the guidelines of the Animal Ethics Committee of the Faculty of Medicine, Universitas
Brawijaya, Malang, Indonesia, and performed quadruplicate (4 times replication).
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Provision of endosulfan in rats

Endosulfan insecticide 350 g/L (brand Akodan 35 EC, Saudara Tani Agrolestari Ltd, Indonesia) was
obtained from local farmer’s market. Twenty pregnant rats were weighed and randomly distributed into 4
groups, consisting of 5 rats each: Group I (negative control/without endosulfan administration), Group II
(endosulfan 1 mg/kg), Group III (endosulfan 10 mg/kg), and Group IV (endosulfan 50 mg/kg). Solutions
of endosulfan dissolved in olive oil were then given orally each day during the 20-day pregnancy period.
After 20 days, the female rats were sacrificed. The blood of the adult female rats was then collected for
the preparation of IL-1B, IL-6, IL-17, and TNF-a expression measurement. The fetal brains were
collected and the apoptosis levels were observed.

Measurement of IL-1p levels

The IL-1P levels were determined using the ELISA kit (Rat IL-1p ELISA Kit, Koma Biotech, South
Korea) with the procedure outlined in the manufacturer's instructions. Each microtiter well was filled with
300 uL of washing solution and placed on a tissue in an inverted position. 100 puL of IL-1p samples were
put in the wells and incubated at ambient temperature for 2 h. The samples were then washed 4 times in
washing solution and incubated with 100 pL of antibody solution (0.35 pL/mL) at ambient temperature
for 2 h. Next, 100 pL of diluted color development enzyme (dilution 1:20) was added to the samples and
incubated at ambient temperature for 30 min. The samples were again washed 4 times in washing solution
and incubated with 100 pL of color development enzyme at ambient temperature. Approximately 22 - 32
min later, 100 pL stop solution (2N sulfuric acid) was added. ELISA measurement was conducted at 450
nm.

Measurement of IL-6 levels

Levels of IL-6 were determined using the ELISA kit (Rat IL-6 ELISA Kit, Koma Biotech, South
Korea) method according to the manufacturer’s manual procedure. A total of 100 uL of each sample was
put into the microtiter plates and incubated at a temperature of 37 °C for 2 h. The samples were
subsequently washed with 400 uL of washing buffer for 5 min. Following this, 100 pL of antibody
solution was added to each well, except for the blank well. The microtiter plates were incubated at a
temperature of 37 °C for one hour and then washed with 400 uL of washing buffer. Each well was
stocked with 100 pL of conjugates. The microtiter plates were incubated at a temperature of 37 °C for 30
min. The samples were then washed again as in the previous procedure before the addition of 100 uL of
tetramethylbenzidine (TMB) substrate solution and incubated at ambient temperature for 30 min. Then,
100 pL of blocking solution (HCI) was added to each well for 5 min. The reading of absorbance values
was performed at OD 450 nm.

Measurement of IL-17 levels

IL-17 levels were measured using the ELISA kit (Rat IL-17 ELISA Kit, Koma Biotech, South
Korea). A total of 100 puL of assay buffer in the blank well and the samples were dissolved in a solvent,
placed in different tubes, and then incubated at ambient temperature for 3 h. The suspension was washed
with phosphate buffer saline (PBS) 4 times. Then, 200 uL of conjugate was added to each tube. Serum
samples were incubated at ambient temperature for 2 h. Next, the suspensions were washed with washing
buffer 4 times; 200 pL of substrate solution was then added to each tube and incubated at ambient
temperature for 30 min. Stop solution was added to each tube to stop the reaction. ELISA results were
read at 450 nm after 30 min.

Measurement of serum TNF-a

The TNF-a levels were assessed using the ELISA kit (Rat TNF-alpha ELISA Kit, Koma Biotech,
South Korea) according to the kit instructions. 100 pL buffer solution was put into the wells (including
the well containing the blank solution), and then 100 uL. TNF-a standard 1 - 7 was inserted into the other
wells. Then, 100 pL of sample was put into the wells. The detection process was similar to that used for
the measurement of IL-6 levels.
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Apoptosis in fetal brain cells

The levels of apoptosis activity in the fetal rat brain cells were detected using Annexin V and a
propidium iodide (PI) assay kit (KeyGen Biotech, China) to detect changes in the cell membranes.
Annexin V binds to the phosphatidylserine on the cell surface undergoing apoptosis [29]. Samples were
added to the slide preparations and washed using PBS pH 7.4. The samples were then incubated with 20
mg/mL of proteinase K at a temperature of 37 °C for 15 min. Annexin V dyeing solution and propidium
iodide were added to the sample sand incubated at a temperature of 15 - 25 °C for 10 - 15 min. The
apoptosis was observed using a fluorescent microscope (Bestscope, China) at 400x magnification.
Apoptosis was indicated by green fluorescence of Annexin V with a corresponding color intensity of
endosulfan.

Statistical data analysis

The data obtained from the test administration of endosulfan on IL-1B, IL-6, IL-17, and TNF-a
levels in the pregnant rats as well as fetal brain cell apoptosis were statistically processed using SPSS for
Windows. Data were checked for normality and the homogeneity of variance. The data were then
analyzed correlatively using Pearson correlation test. Moreover, the comparation of different doses of
endosulfan on the proinflammatory cytokines levels was analyzed using one-way ANOVA test, followed
by a Tukey HSD post-hoc test. A simple linear regression analysis was performed to measure the effect
size of endosulfan on proinflammatory cytokines levels. A significance level of 0.05 (p = 0.05) and a 95
% confidence interval (a = 0.05) were considered statistically significant [30].

Results and discussion

Endosulfan association to increased serum levels of IL-1p, IL-6, IL-17, and TNF-a

This research used endosulfan in various doses (1, 10 and 50 mg/kg) in pregnant rats. The presence
of endosulfan exposure has been known to improve several pro-inflammatory cytokines [31,32].
Therefore, we further investigated the effect of endosulfan on the proinflammatory cytokines IL-1p, IL-6,
IL-17, and TNF-o.

Table 1 Mean concentrations of IL-1p, IL-6, IL-17, and TNF-a serum in pregnant rats exposed for 20
days to various amounts of endosulfan

Group IL-1p IL-6 IL-17 TNF-a
(pg/mL) (pg/mL) (ng/mL) (pg/mL)
I 946.00+154.4° 540.00+176.6* 8.67+4° 90.33+57.5"
1 1102.00+315.4° 556.00+£454.3° 18.35+7.6° 138.33+56°
11 872.00+216.3¢ 996.00+393.7% 26.67+4.7° 289.00+145.6°
v 604.00+131.6" 1244.00+223.9° 30.72+8.6¢ 705.00+199.7¢

Group I: negative control; Group II: endosulfan 1 mg/kg BW; Group III: endosulfan 10 mg/kg BW; Group IV:
endosulfan 50 mg/kg BW. The values were mean of 5 samples in each groups after 4 replication £SD
abMeans with different superscripts differ significantly (p < 0.05)

As shown in Table 1, the average serum level of IL-1B in Group I (negative control) was
946.00+154.43 pg/mL. There was a tendency that, as the endosulfan dose increased, the concentrations of
IL-1pB decreased, as can be seen in Group III and I'V. This was indicated by a negative correlation (r = -
0.473; p = 0.004), meaning that the administration of endosulfan in larger doses lowered IL-1f levels. An
ANOVA test on different doses showed a significant p-value (p = 0.016). Meanwhile, the regression test
result indicated that endosulfan treatment impacts the production of IL-1p by 37.8 %.

A similar result was also seen in the measurements of IL-6 level. The concentration of IL-6 level
was increased in Group II, III, and IV, compared to the negative control group (Group I), with the highest
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value seen in Group IV, with 12444223 pg/mL. Pearson test showed a positive correlation between
endosulfan dose and IL-6 level (r = 0.595; p = 0.006). Based on the post-hoc test, Group IV showed a
significant difference in IL-6 level to Group I (p = 0.019) or Group II (p = 0.022). Furthermore, the
regression test result indicated that endosulfan administration increased IL-6 levels by 35.4 %.

The administration of endosulfan had different effects on the IL-17 levels of each group. Based on
the post-hoc test, there were significant differences in the levels of IL-17 between Group I and Group II,
and III and IV (p = 0.018, p < 0.001 and p = 0.002, respectively), as well as between Group II and Group
I (p = 0.018). Meanwhile, the IL-17 levels were found to differ significantly between Group IV and
Group I (p < 0.05). Increased dose of endosulfan was positively correlated with increased IL-17 level (r =
0.771; p = 0.020). In addition, the regression analysis showed that endosulfan increased IL-17 levels by
50.4 %.

Table 1 also shows the average serum levels of TNF-a. TNF-a level was lowest in Group I
(90.334£57.51 pg/mL) and increased significantly with increasing doses of endosulfan (r = 0.803; p <
0.001). There was a difference between endosulfan doses (p = 0.016). The regression test result showed
the effect of endosulfan on TNF-a levels to be 77.4 %.

In this study, we have shown that endosulfan has the potential to alter the humoral immune system
of pregnant rats through increased production of proinflammatory cytokines, namely IL-1p, IL-6, IL-17,
and TNF-a. This result was also in line with previous studies showing that endosulfan exposure could
elevate IL-6 and IL-8 [32], IL-1P [33], and TNF-a [34,35] production in rats. In our study, the IL-1 level
was at its peak by endosulfan exposure of 10 mg/kg BW, and tended to decline with higher doses.
Similarly, a prior study showed that high endosulfan dose (20 pg/ml) also decreased cytokine production,
which is LPS-induced TNF-a [35]. IL-1P production could be suppressed by IL-1p inhibitor, such as IL-
1RA and sIL-1RII [36]. However, low levels of IL-1p can still induce inflammation [37]. Further research
is needed to look at the effect of the inhibitor on the production of proinflammatory cytokines.

Endosulfan has been shown to suppress the cellular and humoral immune system in mice [15,16].
Furthermore, a comprehensive review concluded that pesticide exposure, including endosulfan, has an
immunotoxic effect against animals and human beings [17]. Agents in HUVEC-C cell cultures led to
increased levels of inflammatory factor (IL-6 and IL-8) secretions and mRNA expression, as well as
causing endosteal dysfunction [32]. Increasing concentrations of inflammatory mediators in the body
indicate that protective measures are being taken against the causative agent of the cell injury. In this
process, the body defends itself by dissolving, destroying, or neutralizing the pathological agent [38]. A
recent study suggested that a molecular mechanism, through the activation of nuclear factor-kappa B (NF-
kB) by intracellular redox status, external oxidants, and internal antioxidant systems, i.e., induced by
endosulfan exposure, triggers production of inflammatory cytokines [39].

Endosulfan is a lipophilic pesticide compound that is stable in the environment and that blocks
phagocytic metabolic activity in the peripheral blood [40,41]. This indicates that, even at low
concentrations, endosulfan exposure can harm the immune system in the long term. It thus causes
immunodeficiency in humans and animals exposed to endosulfan [41]. Endosulfan is classified as very
toxic (Toxicity Category 1) by the EPA in the United States, so its use there is very limited when
compared with that in emerging countries [42].

Fetal rat brain cell apoptosis index and endosulfan exposure

Apoptosis in fetal rat brain tissue was detected by means of Annexin V, to probe apoptosis, and
propidium iodide, to probe cell necrosis. Annexin V is a phosphatidylserine (PS) binding protein; that is,
it binds to the PS proteins, which flip from the inner to the outer membrane during apoptosis [29]. The
observations, made by confocal microscopy, showed that endosulfan stimulates apoptosis in fetal rat brain
cells.
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Table 2 Apoptosis index in rats fed with various doses of endosulfan in each group

Apoptosis Index
Group (Mean + SD)
1 1935.48 + 343.63 *
I 2360.29 + 458.72
111 2388.61 +£278.79
1A% 3697.92 £253.62 ¢

Group I: negative control; Group II: endosulfan 1 mg/kg BW; Group III: endosulfan 10 mg/kg BW; Group IV:
endosulfan 50 mg/kg BW. The values were mean of 5 samples in each groups after 4 replication + SD
2bMeans with different superscripts differ significantly (p < 0.05)

Figure 1 Quantification of fetal brain cell apoptosis by Annexin V for green fluorescent and propidium
iodide for red staining; Group I: negative control; Group II: endosulfan 1 mg/kg BW; Group III:
endosulfan 10 mg/kg BW; Group IV: endosulfan 50 mg/kg BW

According to Table 2, endosulfan significantly increased brain cell apoptosis in rat fetuses in Group
IV compared to Group I, II, and IIl. This result, also depicted clearly in Figure 1, shows that the
incidence of apoptosis increased with increasing endosulfan doses. The intensity of Annexin V seems
weak in Group I, but begins to increase in Groups II (endosulfan 1 mg/kg) and III (endosulfan 10 mg/kg).
The intensity of Annexin V is strongest in Group IV (endosulfan 50 mg/kg).

Apoptosis, or cell death, is an active and organized response to physiological stimuli or toxins from
the environment. In our study, the higher the dose of endosulfan, the more apoptosis was detected in fetal
rat brain cells. This result was in agreement with a prior study in rat endothelial cells, which suggested
that an exposure of various concentrations of endosulfan had significantly induced apoptosis via a death
receptor pathway, due to its ability to enhance oxidative stress [43]. Another study demonstrated
increased levels of lipid peroxidation, decreased superoxide dismutase and catalase antioxidant, and
apoptotic liver and kidney cells of pregnant rats resulting from endosulfan intoxicity [44].

Previous studies also reported the teratogenic effects of endosulfan and citrinin administration,
given alone or in combination to pregnant rats [45,46]. Although it caused no deaths, the administration
of endosulfan and citrinin led to weight loss in pregnant rats, increased numbers of fetal deaths, and
increased numbers of fetal resorptions. The lengths and weights of the fetuses decreased, while visceral
and skeletal anomalies increased significantly [46]. Furthermore, a study among pregnant women found
that the average concentration of endosulfan in the placentas of women whose pregnancies were affected
by neural tube defects (NTDs), such as anencephaly or spina bifida, was slightly higher than that in
women who delivered healthy infants [47].

The above explanations reinforce the assumption that endosulfan is teratogenic, causes disabilities,
and can inhibit the growth of the fetus via the process of apoptosis. Endosulfan, as a lipophilic compound,
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tends to accumulate in fatty tissue and can be transferred to the fetus through the placenta [48-50].
Endosulfan can also compete with estradiol to bind to estrogen receptors; if estradiol cannot bind to its
receptor, it cannot induce cell growth and development [51]. The evidence above demonstrates
conclusively that endosulfan not only causes the death of fetal brain cells but also causes increased levels
of proinflammatory cytokines that may affect nerve function and developmental stage nerve processes
[52].

In recent years, more studies have emerged about the relationships between pro-inflammatory
cytokines and fetal brain damage [53]. Meygeri et al. found that tumor necrosis factor (TNF)-a as one of
the pro-inflammatory cytokines may influence brain and blood-brain barrier development [52] and that
intrauterine infection and a pro-inflammatory cytokine response are involved in the pathogenesis of
preterm brain white matter damage. Furthermore, pro-inflammatory cytokines are included in the
pathogenesis of preterm brain white matter damage [55,56]. One of the mechanisms is through apoptosis
inducing factor. A study by Cai et al. revealed that IL-1 injection caused neuronal death and delayed
myelination in fetal rats [57]. Tumor-necrosis factor-a triggers apoptosis inducing factor and leads to cell
death in mature oligodendrocytes. Tumor-necrosis factor-o is associated with reduced myelination
through reduced staining for myelin basic protein, which is considered a hallmark of inflammation-
associated diffuse white matter damage in neonatal rats [58]. However, more research is still required to
reveal the details of the connection between inflammatory factors and cell death caused by exposure to
endosulfan, particularly in pregnant women. Further work has the potential to form the basis for new
scientific information regarding the dangers of xenobiotic agents for human life.

Conclusions

We conclude that endosulfan exposure during the gestation period of organogenesis in rats (Rattus
norvegicus) causes increased serum levels of proinflammatory cytokines (IL-1B, IL-6, IL-17, and TNF-a,)
and triggers the apoptosis of fetal rat brain cells.

Acknowledgement

The present study received a research grant from the Director General of Higher Education of the
Republic of Indonesia.

References

[1] L Zhang, J Wei, F Guo, J Duan, Y Li, Z Shi, Y Yang, X Zhou and Z Sun. Endosulfan activates the
extrinsic coagulation pathway by inducing endothelial cell injury in rats. Environ. Sci. Pollut. Res.
2015; 22, 15722-30.

[2] ES Harsanti, H Kusnoputranto, M Suparmoko and AN Ardiwinata. Preliminary study of
environmental risk from endosulfan usage during the Green Revolution: Case study in central paddy
area of Jombang District, East Java, Indonesia. In: Proceedings of the Competition and Cooperation
in Social and Political Sciences, Depok, Indonesia. 2018, p. 392.

[3] CK Koomson, EO Owusu, D Obeng-Ofori and R Kingsford-Adaboh. Residual assessment of
Insecticides in body fluids (Breast Milk), crops and the ecosystem in Horticultural farming
Communities in Accra, Ghana. J. Dyn. Agr. Res. 2016; 3, 1-11.

[4] LA Thompson, WS Darwish, Y Ikenaka, SMM Nakayama, H Mizukawa and M Ishizuka.
Organochlorine pesticide contamination of foods in Africa: Incidence and public health
significance. J. Vet. Med. Sci. 2017; 79, 751-64.

[5] IC Yadav, NL Devi, JH Syed, Z Cheng, J Li, G Zhang and KC Jones. Current status of persistent
organic pesticides residues in air, water, and soil, and their possible effect on neighboring countries:
A comprehensive review of India. Sci. Total. Environ. 2015; 511, 123-37.

[6] S Rahmawati, G Margana, M Yoneda and K Oginawati. Organochlorine pesticide residue in catfish
(Clarias sp.) collected from local fish cultivation at citarum watershed, West Java province,
Indonesia. Proc. Environ. Sci. 2013; 17, 3-10.

Walailak J Sci & Tech 2020; 17(2) 109



Endosulfan Caused Increased Cytokines and Brain Cell Apoptosis Sri ANDARINI et al.

http://wjst.wu.ac.th

[7]

[10]

[11]

[12]

[13]

[19]

(20]

(21]

[22]
(23]

(24]

[25]

[27]

AF Hernandez, T Parron, M Requena, R Alarcon and O Lopez-Guarnido. Toxic effects of pesticide
mixtures at a molecular level: Their relevance to human health. Toxicology 2013; 307, 136-45.

DK Singh and NS Singh. Endosulfan a Cyclodiene Organochlorine Pesticide: Possible Pathways of
Its Biodegradation. In: SN Singh (ed.). Microbe-Induced Degradation of Pesticides. 1% ed.
Springers, Cham, 2017, p. 105-30.

A Embrandiri, RP Singh, IM Hakimi and AB Khan. An epidemiological study on the health effects
of endosulfan sparaying on cashew plantations in kasargod district, Kerala, India. Asian. J.
Epidemiol. 2012; 5§, 22-31.

I Lee, P Eriksson, A Fredriksson, S Buratovic and H Viberg. Developmental neurotoxic effects of
two pesticides: Behavior and neuroprotein studies on endosulfan and cypermethrin. Toxicology
2015; 335, 1-10.

Z Enhui, C Na, L MengYun, L Jia, L Dan, Y Yongsheng, Z Ying and H DeFu. Isomers and their
metabolites of endosulfan induced cytotoxicity and oxidative damage in SH-SYSY cells. Environ.
Toxicol. 2016; 31, 496-504.

A Blair, B Ritz, C Wesseling and LB Freeman. Pesticides and human health. Occup. Environ. Med.
2015; 72, 81-2.

Z Lakroun, M Kebieche, A Lahouel, D Zama, F Desor and R Soulimani. Oxidative stress and brain
mitochondria swelling induced by endosulfan and protective role of quercetin in rat. Environ. Sci.
Pollut. Res. 2015;22,7776-81.

A Lafuente and N Pereiro. Neurotoxic effects induced by endosulfan exposure during pregnancy
and lactation in female and male rat striatum. Toxicology 2013; 311, 35-40.

JF Shelton, I Hertz-Picciotto and IN Pessah. Tipping the balance of autism risk: Potential
mechanisms linking pesticides and Autism. Environ. Health Perspect. 2012; 120, 944-51.

M Careaga, JV de Water and P Ashwood. Immune dysfunction in autism: A pathway to treatment.
Neurotherapeutics 2010; 7, 283-92.

E Corsini, M Sokooti, CL Galli, A Moretto and C Colosio. Pesticide induced immunotoxicity in
humans: A comprehensive review of the existing evidence. Toxicology 2013; 307, 123-35.

R Pathak, SG Suke, RS Ahmed, AK Tripathi, K Guleria, CS Sharma, SD Makhijani, M Mishra and
BD Banerjee. Endosulfan and other organochlorine pesticide residues in maternal and cord blood in
North Indian population. Bull. Environ. Contam. Toxicol. 2008; 81, 216-9.

A Rosano, V Gemelli, C Giovannelli, G Paciotti, A Sabatucci and A Spagnolo. Fertility changes in
women working in greenhouses. Med. del. Lav. 2009; 100, 448-54.

R Jan, U Sadique, ZU Hassan, K Farid, S Ahmad, S Khan and H Khan. Toxico-pathological and
reproductive effects of concurrent oral administration of ochratoxin A and endosulfan in pregnant
rabbits (Oryctolagus cuniculus). Pak. Vet. J. 2017; 37, 19-24.

ND Singh, AK Sharma, P Dwivedi, RD Patil, M Kumar and DB Ahamad. Toxicity of endosulfan
and citrinin alone and in combination in pregnant rats: Clinico-haematological and serum
biochemical alterations. Indian J. Vet. Pathol. 2006; 30, 27-31.

ND Singh, AK Sharma, P Dwivedi, M Kumar and RD Patil. Immunosuppressive effect of combined
citrinin and endosulfan toxicity in pregnant Wistar rats. Vet. Arh. 2011; 81, 751-63.

JS Bedi, JPS Gill, RS Aulakh, P Kaur, A Sharma and PA Pooni. Pesticide residues in human breast
milk: Risk assessment for infants from Punjab, India. Sci. Total. Environ. 2013; 463-464, 720-6.

LL Aylward, SM Hays, CR Kirman, SA Marchitti, JF Kenneke, C English, DR Mattison and RA
Becker. Relationships of chemical concentrations in maternal and cord blood: A review of available
data. J. Toxicol. Environ. Heal. Part B Crit. Rev. 2014; 17, 175-203.

C Monteagudo, M Mariscal-Arcas, L Heras-Gonzalez, D Ibafiez-Peinado, A Rivas and F Olea-
Serrano. Effects of maternal diet and environmental exposure to organochlorine pesticides on
newborn weight in Southern Spain. Chemosphere 2016; 156, 135-42.

C Warembourg, A Debost-Legrand, N Bonvallot, C Massart, R Garlantezec, C Monfort, E
Gaudreau, C Chevrier and S Cordier. Exposure of pregnant women to persistent organic pollutants
and cord sex hormone levels. Human Reprod. 2016; 31, 190-8.

S Sandal and B Yilmaz. Genotoxic effects of chlorpyrifos, cypermethrin, endosulfan and 2,4-D on

110

Walailak J Sci & Tech 2020; 17(2)



Endosulfan Caused Increased Cytokines and Brain Cell Apoptosis Sri ANDARINI et al.

http://wjst.wu.ac.th

[28]

[29]
[30]
[31]

[32]

[43]

[44]

[45]

[46]

[47]

human peripheral lymphocytes cultured from smokers and nonsmokers. Environ. Toxicol. 2011; 26,
433-42.

A Sharma, N Singh, P Dwivedi, M Kumar, A Telang and R Patil. Studies on apoptotic changes in
combined toxicity of citrinin and endosulfan in pregnant Wistar rats and their fetuses. Toxicol. Int.
2012; 19, 138.

H-J Rode. Apoptosis, Cytotoxicity and Cell Proliferation. 4™ eds. Roche Diagnostics GmbH,
Mannheim, 2008, p. 1-178.

MS Dahlan. Statistik untuk Kedokteran dan Kesehatan. 6™ ed. Salemba Medika, Jakarta, 2014, p. 1-
315.

Al Terry, KS Benitez and GK DeKrey. Effects of endosulfan isomers on cytokine and nitric oxide
production by differentially activated RAW 264.7 cells. Toxicol. Reports 2018; 5, 396-400.

S Li, D Xu, J Guo and Y Sun. Inhibition of cell growth and induction of inflammation by
endosulfan in HUVEC-C cells. Environ. Toxicol. 2016; 31, 1785-95.

TC Jang, JH Jang and KW Lee. Mechanism of acute endosulfan intoxication-induced neurotoxicity
in Sprague-Dawley rats. Arh. Hig. Rada. Toksikol. 2016; 67, 9-17.

Al Terry, KS Benitez and GK DeKrey. Effects of endosulfan isomers on cytokine and nitric oxide
production by differentially activated RAW 264.7 cells. Toxicol. Reports 2018; 5, 396-400.

S Ayub, J Verma and N Das. Effect of endosulfan and malathion on lipid peroxidation, nitrite and
TNF-alpha release by rat peritoneal macrophages. Int. Immunopharmacol. 2003; 3, 1819-28.

Y Yang, W Bin, MO Aksoy and SG Kelsen. Regulation of interleukin-1p and interleukin-1p
inhibitor release by human airway epithelial cells. Eur. Respi. J. 2004; 24, 360-6.

G Lopez-Castejon, D Brough. Understanding the mechanism of IL-1B secretion. Cytokine Growth
Factor Rev. 2011; 22, 189-95.

V Kumar, AK Abbas and JC Aster. Robbins Basic Pathology. 9™ eds. Elsevier, Philadelphia, 2012,
p. 31-56.

TC Jang, JH Jang and KW Lee. Mechanism of acute endosulfan intoxication-induced neurotoxicity
in Sprague-Dawley rats. Arh. Hig. Rada. Toksikol. 2016; 67, 9-17.

MH Silva and S Koshlukova. Comparative toxicity of endosulfan and fipronil insecticides: Utilizing
in vivo and in vitro data. J. Med. Toxicol. Clin. Forensic. Med. 2016; 1, 1.

F Kafilzadeh, M Ebrahimnezhad and Y Tahery. Isolation and identification of endosulfan-degrading
bacteria and evaluation of their bioremediation in Kor River, Iran. Osong. Public Health Res.
Perspect. 2015; 6, 39-46.

US EPA O of PP. EPA Action to Terminate Endosulfan | Pesticides | US EPA, Available at:
https://archive.epa.gov/pesticides/reregistration/web/html/endosulfan-cancl-fs.html, accessed May
2017.

J Wei, L Zhang, ] Wang, F Guo, YB Li, XQ Zhou and ZW Sun. Endosulfan inducing blood
hypercoagulability and endothelial cells apoptosis via the death receptor pathway in Wistar rats.
Toxicol. Res. (Camb.) 2015; 4, 1282-8.

L Bouhafs, EN Moudilou, JM Exbrayat, M Lahouel and T Idoui. Protective effects of probiotic
Lactobacillus plantarum BJ0021 on liver and kidney oxidative stress and apoptosis induced by
endosulfan in pregnant rats. Ren. Fail. 2015; 37, 1370-8.

A Sharma, N Singh, P Dwivedi, M Kumar, A Telang and R Patil. Studies on apoptotic changes in
combined toxicity of citrinin and endosulfan in pregnant Wistar rats and their fetuses. Toxicol. Int.
2012; 19, 138.

S Li, D Xu, J Guo and Y Sun. Inhibition of cell growth and induction of inflammation by
endosulfan in HUVEC-C cells. Environ. Toxicol. 2016; 31, 1785-95.

A Ren, X Qiu, L Jin, ] Ma, Z Li, L Zhang, H Zhu, RH Finnell and T Zhu. Association of selected
persistent organic pollutants in the placenta with the risk of neural tube defects. Proc. Natl. Acad.
Sci. 2011; 108, 12770-5.

LL Aylward, SM Hays, CR Kirman, SA Marchitti, JF Kenneke, C English, DR Mattison and RA
Becker. Relationships of chemical concentrations in maternal and cord blood: A review of available
data. J. Toxicol. Environ. Heal. Part B Crit. Rev. 2014; 17, 175-203.

Walailak J Sci & Tech 2020; 17(2) 111



Endosulfan Caused Increased Cytokines and Brain Cell Apoptosis Sri ANDARINI et al.

http://wjst.wu.ac.th

[49]

[50]

[51]

[52]

[53]
[54]

C Monteagudo, M Mariscal-Arcas, L Heras-Gonzalez, D Ibafiez-Peinado, A Rivas and F Olea-
Serrano. Effects of maternal diet and environmental exposure to organochlorine pesticides on
newborn weight in Southern Spain. Chemosphere 2016; 156, 135-42.

C Warembourg, A Debost-Legrand, N Bonvallot, C Massart, R Garlantezec, C Monfort, E
Gaudreau, C Chevrier and S Cordier. Exposure of pregnant women to persistent organic pollutants
and cord sex hormone levels. Human Reprod. 2016; 31, 190-8.

S Chakrabarty, A Rajakumar, K Raghuveer, P Sridevi, A Mohanachary, Y Prathibha, L Bashyam, A
Dutta-Gupta and B Senthilkumaran. Endosulfan and flutamide, alone and in combination, target
ovarian growth in juvenile catfish, Clarias batrachus. Comp. Biochem. Physiol. C Toxicol.
Pharmacol. 2012; 155, 491-7.

RM Ransohoff and MA Brown. Innate immunity in the central nervous system. J. Clin. Invest.
2012; 122, 1164-71.

O Dammann. Cytokines and perinatal brain damage. Clin. Perinatol. 2008; 35, 643-63.

P Megyeri P, CS Abraham, P Temesvari, J] Kovacs, T Vas and CP Speer. Recombinant human
tumor-necrosis-factor-alpha constricts pial arterioles and increases blood-brain-barrier permeability
in newborn piglets. Neurosci. Lett. 1992; 148, 137-40.

A Leviton. Preterm birth and cerebral-palsy: Is tumor-necrosis-factor the missing link? Dev. Med.
Child. Neurol. 1993; 35, 553-6.

M Adinolfi. Infectious-diseases in pregnancy, cytokines and neurological impairment: An
hypothesis. Dev. Med. Child. Neurol. 1993; 35, 549-53.

ZW Cai, SY Lin, Y Pang and PG Rhodes. Brain injury induced by intracerebral injection of
interleukin-1beta and tumor necrosis factor-alpha in the neonatal rat. Pediatr. Res. 2004; 56, 377-
84.

XY Wang, H Hagberg, CL Zhu, B Jacobsson and C Mallard. Effects of intrauterine inflammation
on the developing mouse brain. Brain. Res. 2007; 1144, 180-5.

112

Walailak J Sci & Tech 2020; 17(2)



	Introduction
	Materials and methods
	Research design
	This study was a true experimental laboratory research with a randomized posttest-only control group design. The simple random sampling method was employed to obtain the study subjects.
	Test animals
	The test animals used as the study subjects were Wistar strain female white rats (Rattus norvegicus), 8 weeks old, pregnant, weighing 120 - 150 grams. After a one-week acclimatization period, the female rats mated with male rats of the same strain. Af...
	Provision of endosulfan in rats
	Measurement of IL-1β levels
	Measurement of IL-6 levels
	Measurement of IL-17 levels
	Measurement of serum TNF-α
	Apoptosis in fetal brain cells
	Statistical data analysis

	Results and discussion
	Endosulfan association to increased serum levels of IL-1β, IL-6, IL-17, and TNF-α
	Fetal rat brain cell apoptosis index and endosulfan exposure

	Conclusions
	Acknowledgement
	References

