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Abstract: Background and Objective: During the development of the nervous system,
the impact of adverse environmental factors can cause serious consequences.
Chemicals, toxic substances and infections are considered as common risk factors.
In order to find the impact of environmental pollutants pesticides and infections on
the nervous system, we attempt to investigate the effect of CPF (chlorpyrifos) and
LPS (lipopolysaccharide) combined exposure on the release of GFAP/HMGB1 and
activation in the primary cultured astrocyte of neonatal rat cerebral cortex. Methods:
In this paper, trypsin digestion was used to isolate and purify astrocytes, and identify
the cell based on immunofluorescence method; Astrocyte in experiment group
was exposed to different concentrations of LPS and CPF. Astrocyte’s activities were
observed via CCK-8; Immunofluorescence and Western blot were used to measure
the changes on the expression level of GFAP as well as HMGB1 in astrocyte. Results:
Astrocyte’s synaptic network was significantly increased at 24 h after being exposed
to 25, 50 μMCPF combined with 1 μg/mL LPS; The expression level of glial fibrillary
acidic protein (GFAP). High mobility group box 1(HMGB1) increased after astrocytes
were exposed to 25, 50 μM CPF combined with 1 μg/mL LPS (p<0.05), The expression
level of GFAP and HMGB1 decreased after being exposed to 100 μM CPF combined
with 1 μg/mL LPS(p<0.05). 4) Conclusion: 1. CPF and LPS can not only cause astrocyte
activation but also increase the expression of GFAP and HMGB1. 2. The effect of CPF
combined with LPS is more obvious than CPF or LPS respectively on astrocytes, which
indicates that they have a synergistic effect.
Keywords: chlorpyrifos, lipopolysaccharide, astrocytes, GFAP, HMGB1.

1 Introduction
For more than a century, many researchers have mainly focused on early life as a
source of adult disorder. As suggested by recent studies, the complex interactions
of genes and environment may be the cause of Neurodevelopmental Disorders [1].
Pesticides are common environmental chemicals, and people are usually exposed
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to low doses of pesticides over a long term period. However, there are no obvious
symptoms of pesticide poisoning. With in-depth studies on the low doses of
pesticides, their harmful effects are increasingly recognized by the public [2]. During
the development process, infection is a common cause of illness. Although current
studies focus on single factors, the growth process is often the combined action by
the environment in a variety of factors [3]. Recently, double-hit models are used to
study chronic/tonic pain [4] as well as stress dysregulation [5]. To analyze whether the
interaction between the infection and pesticides will significantly affect the nervous
system, we designed an in vitro study to investigate the double-hit of CPF and LPS,
and selected astrocytes as targets, GFAP and HMGB1 as an index, so as to provide new
ideas to combat Neurodevelopmental Disorders.

2 Methods
2.1 Cell Culture
Primary astrocyte cultures were prepared from the cerebral cortices of 1 to 3-dayold SD rats. Furthermore, isolated cells were maintained in DMEM/F12 (HyClone),
supplemented with 10% of fetal bovine serum in an atmosphere of 5% CO2/humidified
air (95%) at 37°C. After cells enrichment, Astrocyte was detached from the culture
flask with 0.1% trypsin and 0.04% EDTA in Hank’s balanced salt solution (SigmaAldrich). Notably, this was repeated three times. Astrocyte was plated onto poly-Llysine-coated glass coverslips, and supplemented with culture medium. Experiments
were carried out 2-3 days after cell plating.

2.2 Intervention Method
The DMEM/F12 culture mediums with different chlorpyrifos and lipopolysaccharide
concentrations were utilized respectively to cultivate the prepared astrocyte for
12/24/48 hours. After that, PBS washed cells can be applied for the next processing.

2.3 Immunofluorescence
Isolated cells were characterized by the primary antibody against GFAP as well as its
corresponding secondary fluorescent antibody, and by the blue fluorescent nuclear
stain DAPI.
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2.4 Western Blot
The whole astrocytes were prepared as described above. Meanwhile, the protein
concentration was determined using a protein assay kit, and the separation method
is SDS-PAGE. Then, the gel was electroblotted onto a nitrocellulose membrane.
The membranes were probed with anti-GFAP (1:400 dilution), anti-HMGB1 (1:1000
dilution). Furthermore, filters were washed and incubated for 2 h at the room
temperature.

3 Results
3.1 CPF and LPS Activated Astrocytes
Primary cultured neonatal rat’s brain astrocytes exposed to LPS (1 μg/mL) combined
with chlorpyrifos (50 μM) established cell model, DMSO group, PBS group, chlorpyrifos
(50 μM) group, lipopolysaccharide (1 μg/mL) group in the control group. Moreover,
GFAP expression was observed by immunofluorescence after 24 h. CyTM3- red: GFAP
expression; DAPI- blue: nuclei. A: After the DMSO treated 24 h; B: PBS treated 24 h;
C: CPF (50 μM) treated 24 h; D: LPS (1 μg/mL) treated 24 h; E: LPS (1 μg/mL) + CPF
(50 μM) treated 24 h.
In this study, GFAP antibody was labeled with a red fluorescent dye CyTM3 that
astrocytes cells were red. As shown by the results, both the star-shaped glial cells
and synaptic contact increased after the exposure to LPS combined with low-dose
chlorpyrifos for 24 h. These findings suggested that astrocytes were active (Figure 1).

Figure 1: Expression of GFAP by astrocytes exposed to chlorpyrifos and lipopolysaccharide
(immunofluorescence, × 400).
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3.2 CPF and LPS Influences the Expression of GFAP
Primary cultured neonatal rat cortical astrocytes were exposed to chlorpyrifos (25 μM,
50 μM, 100 μM) and LPS (1 ug/mL); chlorpyrifos (25 μM, 50 μM, 100 μM) group, LPS
(1 ug/mL) group, PBS (0.1%) groups, and DMSO (0.1%) in the control group. GFAP
expression was observed by western blot after 12, 24, 48 h. A figure shown GFAP
protein expression to detect changes at different time points, β-actin as internal
control. B is a chart GFAP protein expression. *: P <0.05; x, group compared with the
same time PBS and DMSO; a: compared with the same time CPF, b: compared with the
same time LPS, compared with different time points, c: compare to 12 h, d: compare
to 24 h, e: compare to 48 h.
The expression of GFAP was examined after astrocytes were simultaneously
exposed to low-dose CPF and LPS via Western blot. As displayed by the results, the
expression of GFAP in astrocytes exposure to chlorpyrifos (25, 50 μM) and LPS was
gradually increased than the control group (p <0.05), while chlorpyrifos (100 μM) and
LPS group was decreased (p <0.05) (Fig. 2).

Figure 2: Expression of GFAP by astrocytes exposed to chlorpyrifos and lipopolysaccharide
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3.3 CPF and LPS influences the expression of HMGB1
Primary cultured neonatal rat cortical astrocytes were exposed to chlorpyrifos (25 μM,
50 μM, 100 μM) and LPS (1 ug/mL); chlorpyrifos (25 μM, 50 μM, 100 μM) group, LPS
(1 ug/mL) group, PBS (0.1%) groups, and DMSO (0.1%) in the control group. HMGB1
expression was observed by western blot after 12, 24, 48 h. A figure shown GFAP
protein expression to detect changes at different time points, β-actin as internal
control. B is a chart GFAP protein expression. *: P <0.05; x, group compared with the
same time PBS and DMSO; a: compared with the same time CPF, b: compared with the
same time LPS, compared with different time points: c: compare to 12 h, d: compare
to 24 h, e: compare to 48 h.
The expression of HMGB1 was examined after astrocytes were simultaneously
exposed to low-dose CPF and LPS via Western blot. As shown by the results, the
expression of GFAP in astrocytes exposure to chlorpyrifos(50 μM) and LPS was
gradually increased than the control group (p <0.05), while chlorpyrifos(100 μM) and
LPS group was decreased (p <0.05) (Fig. 3).

Figure 3: Expression of HMGB1 by astrocytes exposed to chlorpyrifos and lipopolysaccharide
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4 Discussion
This experiment attempts to study a double-hit effect on the nervous system from
an environmental chemical pollutant pesticides and infections, so as to explore the
interaction between these two effects. Additionally, the primary cultured astrocytes
were exposed to low-dose CPF and LPS in vitro. As shown by the results, low doses of
CPF and LPS change its expression of GFAP and HMGB1. Moreover, the effect of their
interaction is more obvious than their effect alone.
Generally speaking, the environmental pollution is considered as a risk factor
for Neurodevelopmental Disorders [6]. According to the analysis of some scholars
[7], the relationship between the environmental pollution and neurodevelopmental
disorders and environmental attributable fraction (EAF) is 10%. People are often
passively exposed to pesticides over a long period of time, and its health effects
have attracted people’s attention. Does the pesticide applied conform to “pesticide
residue standards”? Is it really safe? A few studies have proposed that the “safe
level” of toxic chemical residues is associated with neurodevelopmental disorders
[8-9]. Organochlorine pesticides are persistent, and bioaccumulative environmental
contaminants have potential neurotoxic effects. Moreover, the prenatal exposure to
organochlorines is associated with impairment of neuropsychological development
[10]. There is a growing emphasis on the impact of chlorpyrifos on children’s
neurodevelopment. As shown by animal or social investigation, the exposure to
chlorpyrifos is closely related to children’ nervous system damage [11], and it may
cause neurodevelopmental impairment [10], mental retardation [12-14], ADHD [15],
memory loss [16], anxiety and autism [17].
Previous studies from our group suggested that the sub-toxic doses of chlorpyrifos
will induce brain inflammation [2], by HMGB1/TLR/NF-kB pathway in the brain
amygdala regulated pro-inflammatory cytokines. Additionally, the HMGB1 could be
the target of intervening and treating chlorpyrifos neurotoxicity [18].
Infections are a common reason attributed to sick children. As indicated by many
studies, the intrauterine infection caused by fetal inflammatory response syndrome
is the most common brain injury in preterm. The reason may be related to children’s
cognitive developmental disorders [19-21]. Inflammation is not only a potent inhibitor
of neural development but also a high risk factor of cognitive impairment and
depression [22-23]. A prospective study showed that 65% of very low birth weight
children (gather of more Medical Center, a total of 6093 cases of newborns) had at
least 1 infection. Compared with normal children, early childhood infections would
significantly increase the risk of Neurodevelopmental Disorders [24].
The proliferation and differentiation of glial cells are later than neuron [25]
because glial cells may be often affected by external factors during the maturity
period. Many studies have suggested that the main target of chlorpyrifos is astrocytes
[26-28]. Astrocytes refer to the important glial cells. Its features include the transfer
guide neurons, glutamate and γ- amino butyric acid (GABA) metabolism, cell buffer
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of changes to the external environment, contact neurons through synapses. Also, it
can accept a variety of materials through various receptor regulations, which results
in nutritional factor [29]. GFAP is astrocytes’ activation marker [30]. Moreover, a
hallmark of gliotic reaction is the up-regulation of the astrocytic biomarker GFAP,
which often precedes the anatomically apparent damage in the brain [31]. As shown
by the experiments, CPF combined with LPS can give rise to the increase of astrocytes’
expression of GFAP, suggesting that both CPF and LPS can cause astrocyte activation
and nervous system damage. It is more obvious than each intervention alone,
indicating that the two works together can jointly increase the activation of astrocytes
and damage.
The important activity and function of HMGB1 lies in that it can be combined
with various proteins. Also, it can mediate inflammation and gene transcription [32].
HMGB1 induces an inflammatory response via RAGE (receptor for advanced glycation
end-products, RAGE) by glycosylation and Toll-like receptor family (toll-like family
of receptors, TLRs) [33-34]. In this study, it was shown that CPF and LPS can cause
the increase of HMGB1 expression in astrocytes, suggesting that CPF and LPS will
work together to increase the nervous system injury. If the expression and secretion
of HMGB1 is inhibited, can it alleviate the toxic effects of CPF and LPS on the nervous
system? Can HMGB1 act as a common therapeutic target on these two kinds of injuries?
This still needs further research.

5 Conclusions
From this study, it can be found that CPF and LPS will not only cause astrocyte
activation but also increase the expression of GFAP and HMGB1. Additionally, the
effect of CPF combined with LPS is more obvious than CPF or LPS respectively on
astrocytes, suggesting that they pose a synergistic effect.
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