
Received: 22 October 2020; Revised: 2 December 2020; Accepted: 7 December 2020

© The Author(s) 2021. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

141

Toxicology Research, 2021, 10, 141–149

doi: 10.1093/toxres/tfaa108
Advance Access Publication Date: 25 January 2021
Paper

PA P E R

Effects of chlorpyrifos exposure on liver inflammation
and intestinal flora structure in mice
Yecui Zhang,1 Qiang Jia,1 Chenyang Hu,1 Mingming Han,1 Qiming Guo,1

Shumin Li,1 Cunxiang Bo,1 Yu Zhang,1 Xuejie Qi,1 Linlin Sai 1,∗
and Cheng Peng1,2

1Shandong Academy of Occupational Health and Occupational Medicine, Shandong First Medical University &
Shandong Academy of Medical Sciences, Ji’nan, Shandong 250062, China and 2Queensland Alliance for
Environmental Health Sciences (QAEHS), The University of Queensland, Brisbane, QLD 4102, Australia
∗Correspondence address: Department of Toxicology, Shandong Academy of Occupational Health and Occupational Medicine, Shandong First Medical
University & Shandong Academy of Medical Sciences, 18877 Jingshi Road, Lixia, Ji’nan, Shandong 250062, China. Tel: +86 15589911523;
E-mail: pp121023@126.com

Abstract

Chlorpyrifos (CPF) is an organophosphate insecticide commonly used to treat fruit and vegetable crops. CPF can cause
severe adverse effects on body organs including the liver and central nervous system. This study investigated the
CPF-induced inflammation in mice and explored the role of intestinal flora changes in liver inflammation. Adult C57BL/6
male mice were exposed to a CPF of 0.01-, 0.1-, 1- and 10-mg/kg bodyweight for 12 weeks. The mice in experimental group
given CPF solution dissolved in corn oil vehicle by gavage, was administered by intraoral gavage for 5 days per week for
12 weeks. Histopathological examination and inflammatory factor detection were performed on mice liver tissue. Faeces
were used for 16S ribosomal RNA high-throughput sequencing to explore the impact of CPF on intestinal flora structure
and diversity. The results showed that 1- and 10-mg/kg CPF caused different degrees of liver focal inflammation. The
structure of intestinal flora changed significantly in mice including the decreased beneficial bacteria (Akkermansia,
Prevotella and Butyricimonas) and increased pathogenic bacteria (Helicobacter and Desulfovibrio). Meanwhile, the results of
Q-RT-PCR showed that there was more total bacterial DNA in the liver tissue of the mice treated with 10-mg/kg groups. In
conclusion, the imbalance of intestinal flora, the decreased abundance of beneficial bacteria and the increased abundance
of pathogenic bacteria, as well as the increase of total bacterial DNA in the liver tissues, maybe associated with the liver
focal inflammation induced by CPF.
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Introduction
The widespread use of pesticides and improper release not
only increases the yield of crops but also brings a series of
environmental health problems. Organophosphorus pesticides
(OPs) are the most widely used insecticides in agricultural
activities because of their low environmental persistence and

high efficiency [1]. Since most OPs are highly lipophilic, they
can easily enter through the animal’s skin and accumulate in
their body and milk [2]. In addition, OPs residues were found
in fruits, vegetables, grains and even groundwater [3]. OPs
poisoning is a global health problem resulting in ∼100 000 deaths
every year in Asian countries alone [4]. Chlorpyrifos (CPF) is a
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broad-spectrum organophosphorus insecticide widely used for
pest control [5, 6]. The main ways of human exposure to CPF
(from the soil, air, water and food) are ingestion, inhalation
and dermal contact [7]. China’s “National food safety standard-
Maximum residue limits for pesticides in food” set the standard
for the maximum residues limits of CPF, which is 0.1 mg/kg in
cabbage and soybean, 0.5 mg/kg in rice and wheat and 1 mg/kg in
beans and cauliflower. The acceptable daily intake (ADI) for CPF
was set at 0.01 mg/kg [8]. Excessive use and residues of CPF are
associated with high morbidity and mortality of related diseases
caused by acute and chronic exposure in humans [9]. CPF
elicits several toxic effects including reproductive toxicity [10],
neurotoxicity [11], cardiotoxicity [12] and hepatic dysfunction
[13]. CPF is metabolized by cytochrome P450 in hepatocytes and
converted to CPF-oxon, which is the main toxic metabolite of CPF
[14]. Liver is the organ where the activation and detoxification of
CPF takes place [15].

In a normal physiological state, the human intestinal micro-
biota consists of ∼100 trillion microorganisms living in the gas-
trointestinal tract [16]. Intestinal flora and human body have
a symbiotic relationship and maintain a dynamic balance in a
certain proportion. Once this balance is broken, the occurrence
of bacterial imbalance may lead to pathological changes [17]
and the occurrence of many diseases such as inflammatory
bowel disease [18], Parkinson’s disease [19] and non-alcoholic
fatty liver [20]. Studies have shown that overgrowth of bacte-
rial in the small intestine is closely related to the severity of
alcoholic cirrhosis [21]. The liver and intestine originate from
the same germ layer and have many important anatomical and
functional connections [22]. When the intestine barrier is com-
promised, intestinal microorganisms can translocate to the liver
through the portal system, causing inflammation and hepatic
injury [23]. Some translocated intestinal products might also
directly interact with host factors and contribute to exacerbation
of liver disease [24]. The crosstalk between the gut and liver
is increasingly recognized. CPF was reported to cause hepatic
lipid metabolism disorders that are associated with gut oxidative
stress and microbiota dysbiosis in adult zebrafish [25]. In another
study, mice exposed to CPF (1 mg/kg) for 30 day can perturb
the gut microbiota composition and urine metabolites [26]. In
addition, exposure to CPF during gestation had the potential to
affect maturation in the pups’ intestinal development, intestinal
microbial dysbiosis and influence the development of immune
system [27]. Therefore, we hypothesized that CPF could induce
the alteration of intestinal flora which in turn contribute on CPF-
induced liver inflammation.

In this study, we exposed C57BL/6 male mice to CPF and
investigated structure of intestinal flora the inflammatory
changes in liver and analyzed the association between structures
of intestinal flora the inflammatory changes in liver of mice
exposed to CPF. This study explored the role of intestinal flora
in CPF-induced liver focal inflammation from a new perspective,
which has important significance for reducing the health risks
of human exposure to pesticide.

Materials and Methods
Test materials and animals

Chlorpyrifos (97.4% pure) obtained from ShengBang Green
Chemical, Shandong, and corn oil is commercially available, was
used for experimentation.

Wild-type male mice (C57BL/6, 8 weeks old) were purchased
from Beijing Vital River Laboratory Animal Technology Co., Ltd.

(Beijing, China). During the whole experiment, mice were housed
in an experimental environment with a temperature of 22 ± 2◦C,
relative humidity of 50 ± 5% and artificial lighting in a 12-h/12-
h light/dark cycle, and the water (Reverse Osmosis pure water)
and basic diet (60Co irradiation sterilization feed, Keao Xieli Feed
Co., Ltd., Beijing, China) were always available. After 7 days of
acclimation, mice were divided randomly into five groups: four
exposure groups and a control group. According to ADI of CPF
and dose conversion between animals and human [28], the mice
were exposed to CPF dissolved in corn oil by oral gavage at
dosages of 0.01 mg/kg (CPF1), 0.1 mg/kg (CPF2), 1 mg/kg (CPF3)
and 10 mg/kg (CPF4) 5 days per week for 12 weeks (n = 10 for
each group). Throughout the treatment period, each animal was
observed at least once daily for clinical signs of toxicity related
to CPF exposure. Freshly voided fecal pellets were collected after
12 weeks of exposure, by placing each mice in an autoclaved
plastic container. The fresh fecal pellets were placed into ster-
ilized microcentrifuge tubes with forceps and frozen at −80◦C.
The liver was rapidly excised and washed in ice-cold phosphate-
buffered saline. The organ coefficient was calculated as organ
weight/body weight × 100%. Then, a part of the liver tissue was
immediately stored at −80◦C, and the remaining liver tissue was
fixed in 4% paraformaldehyde. The protocol was approved by the
Committee on the Ethics of Animal Experiments of Shandong
Academy of Occupational Health and Occupational Medicine. All
surgery was performed under sodium pentobarbital euthanasia,
and all efforts were made to minimize suffering.

Histological analysis

The liver collected from CPF1, CPF2, CPF3, CPF4 and control
groups were fixed in 4% paraformaldehyde, embedded in paraf-
fin wax, sectioned at 4-μm thickness and stained with hema-
toxylin and eosin (H&E) for microscopic observation. The scoring
criteria by Ishak [29] were used to evaluate the degree of liver
inflammation in mice (Table 1).

Measurement of levels of inflammatory factors in liver

We selected the liver tissue of the same part, and the tissue
samples were homogenized according to the concentration of
10%. The expression levels of TNF-α, IL-6 and IL-1β in liver were
measured by enzyme-linked immunosorbent assay (ELISA). All of
these liver indexes were measured by using commercial reagent
kits from Biokits Technologies Institute (Beijing, China) according
to the manufacturer’s instructions.

DNA extraction, PCR amplification and 16S rRNA
gene sequencing

Microbial DNA was extracted from fecal samples using the
E.Z.N.A.® soil DNA Kit (Omega Bio-tek, Norcross, GA, USA) accord-
ing to manufacturer’s protocols. The final DNA concentration
and purification were determined by NanoDrop 2000 UV–vis
spectrophotometer (Thermo Scientific, Wilmington, USA), and
DNA quality was checked by 1% agarose gel electrophoresis. The
V3-V4 hypervariable regions of the bacteria 16S rRNA gene were
amplified with primers 338F (5′- ACTCCTACGGGAGGCAGCAG-3′)
and 806R (5’-GGACTACHVGGGTWTCTAAT-3′) by thermocycler
PCR system (GeneAmp 9700, ABI, USA). Purified amplicons
were pooled in equimolar amounts and paired-end sequenced
(2 × 300) on an Illumina MiSeq platform (Illumina, San Diego,
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Table 1: score criteria for liver inflammation

Numerical grade or stage Score

Periportal or periseptal interface hepatitis (piecemeal
necrosis)
Absent 0
Mild (focal, few portal areas) 1
Mild/moderate (focal, most portal areas) 2
Moderate (continuous ∼60% of tracts or septa) 3
Severe (continuous around >50% of tracts or septa) 4
Confluent necrosis 0
Absent 0
Focal confluent necrosis 1
Zone 3 necrosis in some areas 2
Zone 3 necrosis in most areas 3
Zone 3 necrosis+occasional portal-central (P-C) bridging 4
Zone 3 necrosis+multiple P-C bridging 5
Focal confluent necrosis 6
Focal (spotty) lytic necrosis, apoptosis and focal
inflammation
Absent 0
One focus or less per 10 × objective 1
Two to four foci per 10 × objective 2
Five to 10 foci per 10 × objective 3
More than 10 foci per 10 × objective 4
Portal inflammation
None 0
Mild, some or all portal areas 1
Moderate, some or all portal areas 2
Moderate/marked, all portal areas 3
Marked, all portal areas 4

USA) according to the standard protocols by Majorbio Bio-
Pharm Technology Co. Ltd. (Shanghai, China). Operational
taxonomic units (OTUs) were clustered with 97% similarity
cutoff using UPARSE (version 7.1 http://drive5.com/uparse/)
and chimeric sequences were identified and removed using
UCHIME. The taxonomy of each 16S rRNA gene sequence was
analyzed by RDP Classifier algorithm (http://rdp.cme.msu.edu/)
against the Silva (SSU123) 16S rRNA database using confidence
threshold of 70%. Alpha diversity was calculated to estimate
the microbial communities’ diversity, including the index of ace,
chao, shannon, simpon and observed species (Sobs).

Gene expression analysis

Total RNA was extracted with Trizol reagent (Invitrogen) accord-
ing to the manufacturer’s instructions. The reverse transcrip-
tion reaction was carried out with reverse transcription enzyme
(Toyobo, Shanghai, China). Real-time PCR was carried out on
an ABI7300 real-time PCR system and the specific primers are
shown in Table 2.

Statistical analysis

The data were analyzed by SPSS 22.0 software and analyzed
using one-way analysis of variance followed by Dunnett’s post
hoc test with a confidence interval of 95% (IBM Corp, Chicago,
USA). Differential abundances of genera were determined by
non-parametric tests including Kruskal–Wallis H test. Values
are expressed as the mean ± SD, P < 0.05, was accepted as
significance.

Table 2: the primer sequences for Q-RT-PCR

Gene Primer Sequence (5′–3′)

16S Eub338 ACTCCTACGGGAGGCAGCAG
Eub806 GGACTACHVGGGTWTCTAAT

Results
Body weight and organ coefficient are affected
by CPF treatment

During the exposure period, CPF did not cause the abnormal
mortality of mice. Compared with the control group, except
for the significant decrease of body weight in the CPF4-treated
group (P < 0.05), there was no significant change in all the other
exposure groups (P > 0.05) (Fig. 1A). In addition, there was a trend
toward increased liver coefficients with increased CPF dosage
(Fig. 1B).

Histopathological changes of livers in CPF-exposed mice

Histological changes were examined in the livers of the mice.
In the control, CPF1- and CPF2-treated groups, the livers of
mice exhibited normal hepatocyte and central vein architecture,
whereas CPF3-treated group mice showed a small amount of
inflammatory cell infiltration (Fig. 2D), and CPF4-treated group
mice showed focal inflammation, hepatocytes with different
degrees of necrosis (Fig. 2E). Histopathological change of mice
from the control and CPF1-treated group was 0 by the hepatic
numerical scores (Table 3). Compared with the control, there
was no significant change in hepatic numerical scores in CPF2-
treated group (P > 0.05) and significantly increased in CPF3- and
CPF4-treated groups (P < 0.05).

Effect of CPF on the levels of TNF-α, IL-1β and IL-6
in the livers of mice

To further confirm inflammatory changes in the livers of mice,
we detected the level of three representative pro-inflammatory
cytokines TNFα, IL-1β and IL-6 in livers by ELISA assay kits. As
shown in Fig. 3, the levels of TNFα, IL-1β and IL-6 in livers of mice
from CPF3- and CPF4-treated groups were significantly increased
(P < 0. 05) compared with that in mice from control group, but
low level of CPF (CPF1 and 2) did not cause significant changes
of these cytokines (P > 0.05). Significant difference in these
cytokines between mice from CPF4- and CPF3-treated group has
been found (P < 0.05).

Overall structure and community diversity changes
of fecal microbiota

In order to compare the similarity and repeatability of intestinal
flora composition between the control group and CPF-treated
(CPF3, CPF4) group more intuitively, we first analyze the
composition of fecal microbiota at the OTU classification level
by using Venn diagram (Fig. 4A). Circles of different colors
represent different groups, and numbers represent the number
of shared or unique species between groups. The Venn diagram
shows that there are 582 OTUs, ∼62% of which are shared
by all groups. Compared with the control group, there were
190 unshared OTUs in CPF3- and CPF4-treated groups. Next,
we introduce the method of multivariate statistics to analyze

http://drive5.com/uparse/
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Figure 1: body weight (A) and the liver coefficient (B) of mice; each value is expressed as a mean ± SD, n = 10. ∗P < 0.05, ∗∗P < 0.01 vs. control (0 mg/kg).

Figure 2: histological evaluation of the livers of mice from control and CPF-exposed groups: (A) mice from control group; (B) mice treated with 0.01 mg/kg CPF; (C)

mice treated with 0.1 mg/kg CPF; (D) mice treated with 1 mg/kg CPF and (E) mice treated with 10 mg/kg CPF; the red arrows indicate necrotic hepatocytes, and the

photomicrographs were taken at ×200 magnification after H&E staining, n = 4.

Table 3: the comparison of liver inflammation score between control and CPF-exposed mice

Group Control CPF1 CPF2 CPF3 CPF4

Score 0.00 ± 0.00 0.00 ± 0.00 0.50 ± 0.58 2.25 ± 0.50∗∗ 3.75 ± 0.96∗∗

∗P < 0.05, ∗∗P < 0.01 vs. control (0 mg/kg), n = 4.

the relative abundance information of OTUs of three groups
by PCoA (principal co-ordinates analysis). As shown in Fig. 4B,
CPF-treated mice are clearly separated from controls. The above
results show that CPF can significantly affect the composition
of intestinal flora. In order to reflect the diversity and richness
of intestinal microbial community, we calculated the sobs index,
shannon index, simpson index, ace index and chao index of each
group (Table 4). Shannon index demonstrated species richness
and evenness, which increased significantly in CPF3- and CPF4-
treated groups (P < 0.05). Meanwhile, the simpson index of
CPF4-treated group decreased significantly, indicating higher
micorbiota diversity of mice from CPF4-treated group.

Intestinal flora changes of CPF-treated mice

Next, we compared the relative abundances of the dominant taxa
present in the guts of the three groups. At the phylum level,
the Bacteroidetes, Firmicutes and Actinobacteria accounted for
more than 90% of the total sequence, and they were the dom-
inant groups (Fig. 5). As shown in Fig. 5, with the increase of

CPF concentration, the relative abundance of Verrucomicrobia
decreased significantly. To compare the gut microbiota compo-
sition of the three groups, we conducted a statistical analysis
of gut microbiota at the genus level using the Kruskal–Wallis H
test (Fig. 6A). CPF significantly changed the relative abundance of
Prevotellaceae_UCG-001, Faecalibaculum, Akkermansia, Desul-
fovibrio and Helicobacter. Importantly, the relative abundance of
Akkermansia was negatively correlated with CPF concentration.
The relative abundance of Akkermansia in mice from CPF4-
treated group was about 1/10 of that from control. Helicobacter
was not found in control group mice, but it was found in mice
from CPF3- and CPF4-treated groups (Fig. 6B); especially, the rel-
ative abundance of Helicobacter was positively correlated with
CPF concentration.

Effect of CPF on the total bacterial DNA in the liver

We detected the bacterial 16S rRNA gene in livers of mice by
Q-RT-PCR to evaluate whether gut bacteria had translocated to
the liver. The result showed that the levels of total bacterial DNA
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Figure 3: the levels of TNF-a (A), IL-1β (B) and IL-6 (C) in the livers of mice were measured by ELISA; each value is expressed as a mean ± SD, n = 6. ∗P < 0.05, ∗∗P < 0.01.

Figure 4: effects of CPF on the gut microbiota composition of the fecal, n = 6; (A) Venn diagram of OTUs among each group, and each symbol represents one sample; (B)

analysis of β diversity of intestinal flora in mice, and PCoA was performed to calculate the distances between fecal samples from the mice of control and CPF groups,

and each point represents a sample. A clear separation is observed between the samples of control and CPF3 and CPF4 groups.

Table 4: the comparison of α-diversity indexes between control and CPF-exposed mice

Group Sobs Shannon Simpson Ace Chao

Control 289.00 ± 43.59 3.15 ± 0.24 0.12 ± 0.04 352.22 ± 52.19 357.02 ± 57.50
CPF3 320.50 ± 54.05 3.62 ± 0.14∗∗ 0.06 ± 0.01 399.26 ± 61.89 399.91 ± 73.87
CPF4 355.50 ± 76.34 3.81 ± 0.35∗∗ 0.06 ± 0.02∗ 453.47 ± 99.00 435.86 ± 100.77

∗P < 0.05, ∗∗P < 0.01 vs. control (0 mg/kg), n = 6.



146 Toxicology Research, 2021, Vol. 10, No. 1

Figure 5: the composition of gut microbiota at the phylum level after exposure to CPF, n = 6.

significantly increased in the livers of mice from CPF4-treated
group only compared with control (P < 0.05) (Fig. 7). There was
no significant difference of the total bacterial DNA between the
mice from CPF3- and CPF4-treated groups (P = 0.062).

Discussion
Human exposure to CPF is mainly through the intake of its
residues from food, especially in fruits and vegetables. The liver
is the detoxification organ of the body. When the detoxification
ability of the liver is not enough to solve excessive internal or
external poisons, it will cause poisoning or pathological changes
[30]. It has been demonstrated that CPF (5.4 mg/kg) could cause
hepatotoxicity via changing the profile of liver marker enzymes
such as ALP, AST, LDH and organizational structure [31, 32]. In this
study, we found that CPF at 1 and 10 mg/kg could cause obvious
dose-dependent effects on the livers, namely, CPF increased the
levels of TNFα, IL-1β and IL-6 and inflammation with the increase
of dosage.

In recent years, more and more attention has been paid to
the influence of structural changes of intestinal flora on human
diseases. Studies found that CPF can alter significantly the com-
position of intestinal flora, including the abundance of bacteria
associated with diabetes and obesity phenotypes, leading to an
obesity phenotype in rats with normal diet [33]. In another study,
mice exposed to 1-mg/kg CPF for 30 days showed imbalance
in intestinal flora and changes in urinal metabolites, such as
amino acids, short-chain fatty acids and bile acids, and led to
intestinal inflammation and abnormal intestinal permeability
[26]. Studies have shown that the gut microbiomes of patients
with advanced liver disease and cirrhosis are characterized by an
increase in potentially pathogenic bacteria, along with reduced
numbers of bacteria with beneficial properties [34]. Alcoholic
liver disease patients also displayed reduced fungal diversity and
Candida overgrowth, presenting the evidence of the role of the
gut microbiomes in pathogenesis of liver disease [35].

In this study, Illumina MiSeq sequencing was used to study
the intestinal flora diversity of mice exposed to CPF and control
group mice. Through Alpha diversity analysis, we found that the
intestinal flora diversity of CPF-exposed mice was higher than
that of the control, which may be related to the over repro-
duction of intestinal bacteria caused by intestinal flora imbal-
ance. In addition, the beta diversity showed that the CPF3- and

CPF4-treated group was significantly separated from the control.
This indicated that CPF can cause intestinal flora imbalance in
mice. It has been reported that mice exposed to CPF (1 mg/kg)
for 30 day could perturb the gut microbiota composition [26],
which is consistent with our study. Intestinal flora could reg-
ulate modulates plasma levels of lipopolysaccharide (LPS). The
disturbed intestinal flora may induce chronic low-grade inflam-
mation through LPS [36]. Therefore, we speculated that CPF-
induced intestinal flora imbalance may contribute on observed
the inflammation in the liver of the mice exposed to CPF. After
analyzing the sequencing data, we found that the fecal intestinal
flora of the three groups of samples belonged to five phylum,
including Bacteroidetes, Firmicutes, Actinobacteria, Proteobac-
teria and Verrucomicrobia. Akkermansia was a gram-negative
anaerobic bacteria, which was inversely related to many health
problems. Individuals with fewer Akkermansia were more likely
to have obesity, inflammation and type 2 diabetes [37, 38]. One
study has indicated that Akkermansia was absolutely dominant
in Verrucomicrobia, accounting for ∼83% [39]. But our results
showed that the relative abundance of Akkermansia decreased
significantly in CPF-treated mice. Interestingly, the relative abun-
dance of Akkermansia in mice from the CPF4-treated group was
about 1/10 of that from the control. It has been reported that
decreased Akkermansia abundance was associated with thin-
ning of the mucus layer, destruction of intestinal barrier integrity
and increased inflammation, which could promote alcoholic
liver disease and non-alcoholic liver injury [40, 41]. Therefore,
we speculated that the significant reduction of Akkermansia in
CPF4-treated group may be associated with CPF-induced damage
of liver.

Symbiotic bacteria in the gut have a dual function, with
some having anti-inflammatory properties and others inducing
inflammation under certain circumstances [42]. Studies have
shown that Helicobacter is closely related to non-alcoholic fatty
liver disease, which can stimulate inflammatory and immune
response, excessive release inflammatory factors such as IL-6, IL-
8, TNF-α and IL-β, thus aggravating inflammatory response and
insulin resistance [43]. Helicobacter is a kind of gram-negative
bacilli, which can be colonized not only in gastric mucosa but
also in liver and other extra-gastrointestinal organs and tissues
[44]. Helicobacter DNA has been found in the liver of patients
with a number of chronic liver diseases, including hepatitis C
virus-related chronic hepatitis and cirrhosis [45]. Interestingly, in
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Figure 6: (A) significantly differences of the gut microbiota induced by CPF between CPF3, CPF4 and control groups at genus level; (B) significantly differences of

Helicobacter induced by CPF between CPF3, CPF4 and control groups. Data were showed as relative abundance (%) of genus in each group, and statistical analysis was

performed by the Kruskal–Wallis H test, n = 6, ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

Figure 7: the total bacterial load in the livers of mice from CPF3, CPF4 and control

groups, and each value is expressed as a mean ± SD, n = 3, ∗P < 0.05, ∗∗P < 0.01.

our result, Helicobacter was not detected in the intestinal flora
of mice from the control, but Helicobacter appeared in CPF3-
and CPF4-treated groups and showed increasing significantly,
which has the same trend as the liver inflammatory including
histopathological changes and the levels of TNFα, IL-1β and IL-6.
Therefore, we speculated that CPF exposure altered the intestinal

microecology of mice, and created conditions for Helicobacter
colonization in the gastrointestinal tract. Helicobacter may play
an important role in the CPF-induced damage of liver. Hence, the
regulator mechanism of Helicobacter in the CPF-induced liver
inflammatory may be worth further study.

Moreover, we found that the abundance of Prevotellacea_UCG-
001, Prevotellacea _NK3B31_group and Butyricimonas was signif-
icantly decreased in CPF3- and CPF4-treated groups. It has been
reported that Prevotella and Butyricimonas were significantly
decreased in patients with nonalcoholic steatohepatitis and
chronic hepatitis B, respectively [46, 47]. Furthermore, the
abundance of Desulfovibrio significantly increased in CPF3-
and CPF4-treated groups. Desulfovibrio was a Gram-negative
endotoxin-producing bacterium that was known to lead to an
increase in intestinal permeability and circulating gut-derived
antigens, primarily LPS [48]. Meanwhile, Desulfovibrio has been
shown to increase significantly in relative abundance in non-
alcoholic fatty liver disease mice [49]. In conclusion, the genera
of Akkermansia, Helicobacter, Prevotella, Butyricimonas and
Desulfovibrio were significantly changed by CPF exposure.
Meanwhile, there was obviously dose effect relationship between
intestinal flora disorder and liver inflammation degree. These
results suggested that liver inflammation caused by CPF in
mice may be closely associated with intestinal flora disorder
characterized by the decrease of beneficial bacteria and the
increase of pathogenic bacteria.
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It has been confirmed that CPF could lead to the damage of
intestinal barrier and the increase of intestinal permeability
[50]. The increase of intestinal permeability can make pro-
inflammatory factors that enter the intestinal mucosa contin-
uously, activate the inflammatory cascade reaction and even
cause the translocation of intestinal bacteria or metabolites
to the parenteral tissue, thus promoting the inflammatory
process [51, 52]. The liver is located at the intersection between
the host and the gut commensal microbiota, and the bacterial
products translocated from the gut lumen were easily exposed
in the liver when intestinal epithelial barrier functions were
disrupted [53, 54]. In this study, we examined the bacterial 16S
rRNA gene in livers of mice by Q-RT-PCR to evaluate whether
increased total bacterial DNA in the liver. The result showed
that the levels of total bacterial DNA increased significantly
in the livers of mice from CPF4-treated group compared with
control. And the levels of total bacterial DNA in CPF4-treated
group showed an increasing trend compared with CPF3-treated,
which has the same trend with the liver inflammation. It has
been reported that bacterial translocation is an important event
in the pathological process from stable liver cirrhosis toward
acute-on-chronic liver failure in chronic liver disease [55]. Basing
on the CPF-induced damage to intestinal barrier and increase
of intestinal permeability [50], we speculated that CPF may
cause the translocation of gut bacteria translocation to liver
leading to observed inflammatory. This study investigated the
role of intestinal flora in CPF-induced liver inflammation from a
new perspective. However, the detailed mechanism of intestinal
flora regulating liver inflammation still need to be further
studied.

Conclusion
CPF could induce significant inflammatory response in mice liver
tissues. Meanwhile, CPF also induced significant perturbations
on the abundance of intestinal flora resulting in the decrease
of beneficial bacteria and the increase of pathogenic bacteria,
especially arisen Helicobacter. In addition, there was a significant
increase of total bacterial DNA in the liver tissue of the mice from
CPF4-treated group. The imbalance of intestinal flora and the
increase of total bacterial DNA in the liver suggested a potential
mechanism of CPF-induced liver inflammation, namely CPF-
induced gut bacteria translocation leaded to liver inflammation.
However, the detailed mechanism underlying how the changed
intestinal bacteria affect the liver needs to be further stud-
ied. Additionally, whether the increase of total bacterial DNA
in the liver tissues of the CPF4-treated group was related to
intestinal bacterial translocation needs to be further verified.
Our research provides new insights of hepatotoxicity induced
by CPF.
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