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Abstract

Exposure to fluoride (F) or arsenite (As) through contaminated drinking water has been associated
with chronic nephrotoxicity in humans. Autophagy is a regulated mechanism ubiquitous for the
body in a toxic environment with F and As, but the underlying mechanisms of autophagy in the
single or combined nephrotoxicity of F and As is unclear. In the present study, we established a rat
model of prenatal and postnatal exposure to F and As with the aim of investigating the mechanism
underlying nephrotoxicity of these pollutants in offspring. Rats were randomly divided into four
groups that received NaF (100 mg/L), NaAsO2 (50 mg/L), or NaF (100 mg/L) with NaAsO2 (50
mg/L) in drinking water or clean water during pregnancy and lactation; after weaning, pups were
exposed to the same treatment as their mothers until puberty. The results revealed that F and As
exposure (alone or combined) led to significant increases of arsenic and fluoride levels in blood
and bone, respectively. In this context, F and/or As disrupted histopathology and ultrastructure in
the kidney, and also altered creatinine (CRE), urea nitrogen (BUN) and Uric acid (UA) levels.
Intriguingly, F and/or As uptake induced the formation of autophagosomes in kidney tissue and
resulted in the upregulation of genes encoding autophagy-related proteins. Collectively, these
results suggest that nephrotoxicity of F and As for offspring exposed to the pollutants from in

“Corresponding author: Xiaoyan Yan, Tel: 0351-4135397; yanxiaoyan@sxmu.edu.cn.
Conflict of Interest The authors declare that they have no conflict of interest.

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of an unedited peer-reviewed manuscript that has been
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept
up to date and so may therefore differ from this version.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tian et al. Page 2

utero to puberty is associated with deregulation of autophagy and there is an antagonism between
F and As in the toxicity autophagy process.
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Introduction

Inorganic arsenic (As3*, hereafter As) and fluoride (F~ hereafter F) are recognized as the
most dangerous inorganic contaminants of drinking water, which have become a serious
public health concern because of their toxicity to humans and animals(Brahman et al. 2014;
Chakraborti et al. 2016). F and As pollution has been detected in groundwater in many parts
of China, especially in semi-arid areas of northern China, including Shanxi, Inner Mongolia,
Gansu, and Ningxia (Wen et al. 2013).

Evidence has revealed that F-polluted drinking water causes negative effects on teeth and
bones but can also damage soft tissues, including nephrotoxicity, vascular toxicity, immune
responses, even chronic kidney damage(Chattopadhyay et al. 2011; Dharmaratne 2019;
Dong et al. 2015; Jimenez-Cordova et al. 2018; Ma et al. 2012; Zhao et al. 2018b). The
kidneys are the major organs most susceptible to As and other metallic elements exposure,
which is associated with renal dysfunction and structural damage, ultimately causing chronic
nephrotoxicity and even cancer(Cheng et al. 2017a; Chu et al. 2018; Liu et al. 2016; Saint-
Jacques et al. 2018). However, although the nephrotoxicity of F or As has been confirmed,
the underlying combined toxicity still needs to be clarified.

A survey conducted in India indicated that 6 million children suffered from fluorosis and
arseniasis (Chakraborti et al. 2016). Therefore, F and As exposure from early in life (in utero
and childhood), as specific life stages, may be more sensitive to F and As in the environment
than ordinary adults(Das et al. 2018). It has been suggested that in prenatal and early life
periods, humans are more susceptible to toxic effects of As and prenatal arsenic exposure
can affect the growth and morbidity of infant and child(Bolt and Hengstler 2018; Ettinger et
al. 2017; Gliga et al. 2018; Nelson-Mora et al. 2018). Epidemiological surveys in Mexico
revealed that exposure to As in early life resulted in As accumulation in the body, as
evidenced by high As levels in children’s urine (above 50 pg/L)(Mendez-Gomez et al.
2008), and the other investigations speculate that early exposure to As may result in
genotoxicity, lung dysfunction, and kidney injury (Cardenas-Gonzalez et al. 2016; Ettinger
et al. 2017; Recio-Vega et al. 2015). In addition, F posed a significant risk of dental fluorosis
in infants and children(Samal et al. 2015)and was closely associated with kidney damage in
childhood(Khandare et al. 2017; Xiong et al. 2007). However, although some studies
investigated toxic effects of F and As exposure from the early life (in utero and childhood),
the effects of combined F and As exposure and its underlying molecular mechanisms remain
to be clarified.

Autophagy, as a regulated mechanism ubiquitous in eukaryotic cells, can destroy damaged
or excessive proteins, thus supporting cellular homeostasis and regulating cell responses to
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environmental stresses and adverse conditions, including exposure to pollutants(Chen et al.
2011; Chiarelli and Roccheri 2012; Rocha et al. 2011). Previous studies indicate that
autophagy is involved in the damage of the rat reproductive system due to F exposure from
the early life to young adulthood(Zhang et al. 2016) and that it is induced by As, which
stimulates autophagy-related signaling pathways in the developing mouse brain(Chiarelli
and Roccheri 2012; Manthari et al. 2018). A previous study revealed that aberrant regulation
of autophagy was linked to cell death in the kidney and was involved in acute kidney injury,
development of polycystic kidney syndrome, and chronic renal disease(Chu et al. 2018;
Havasi and Dong 2016). Intriguingly, autophagy is a well-studied mechanism, can be
regulated through the mitochondrial oxidative stress and its downstream pathway(Cai et al.
2018; Gong et al. 2019; Song et al. 2017; Yamashita and Kanki 2017). Meanwhile, our
previous study has also been revealed that exposure to high-dose As and/or F inhibited the
activity of antioxidant enzymes and increased the generation of malondialdehyde, moreover,
As and/or F exposure caused extensive swelling of mitochondria on kidney ultrastructure
(Tian et al. 2019). Therefore, combined the literatures with our available results, we
speculated and hypothesized that the autophagy may play a role in the nephrotoxicity of F
and As.

Increasing investigations have shown that co-exposure of F and As has become a common
global health problem. An investigation conducted in Mexico that revealed a possible
interaction between F and As and its related health risks deserves immediate
attention(Gonzalez-Horta et al. 2015). In a toxicity study of bone, it was found that there is
an interaction between F and As(Zeng et al. 2019; Zeng et al. 2014). Some studies in animal
and cell models showed that the antagonism between F and As weakens toxic effects of each
substance(Flora et al. 2011; Ma et al. 2017), whereas others found that F and As co-exposure
potentiated developmental toxicity compared to F and As alone(Jiang et al. 2014; Rocha et
al. 2011). Still others found no interaction between F and As(Mittal et al. 2018; Sarkozi et
al. 2015). Interestingly, our previous studies were the first to confirm the interaction between
F and As about the changes of oxidative stress in nephrotoxicity by variance analysis(Tian et
al. 2019). However, the underlying interaction of nephrotoxicity mechanisms between F and
As remain to be clarified.

In the present study, we tested this hypothesis by establishing a rat model in which offspring
were subjected to sub-chronic treatment with high-dose F, As, or their combination, from
early life (in utero and childhood) to puberty, and investigated the status of kidney tissue,
distribution of autophagosomes, and changes in the expression of autophagy-related genes.
In this context, we then analyzed and answered the question of whether there is an
antagonism between F and As.

Materials and methods

Chemicals

Sodium fluoride (NaF) and sodium arsenite (NaAsQO,) were purchased from Sigma-Aldrich
(St. Louis, MO, USA).
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Animals and treatment

Healthy adult Sprague-Dawley rats (200-250 g) were provided and kept in a suitable
environment in the Laboratory Animal Center of Shanxi Medical University (Taiyuan,
China). Eight female rats and four male rats kept separately were randomly divided into four
groups: control receiving sterile water, and exposure groups receiving 100 mgL NaF (F
group), 50 mg/L NaAsO» (As group), or 100 mg/L NaF and 50 mg/L NaAsO, (F+As group)
in drinking water. The dosages were chosen based on a previous study of combined toxicity
of F and As in rat offspring(Tian et al. 2019; Zhu et al. 2017). After 10 days of exposure,
female and male rats from respective groups were put together for mating at the 2:1 male to
female ratio. Once the establishment of a vaginal plug indicating successful mating and day
0 of pregnancy was confirmed, females were separated from males. Pregnant rats were
provided free access to drinking water from the first day of pregnancy to the 21st day after
giving birth. Rat pups were exposed to As/F through parental lactation during the 21-day
period; then, six normal male offspring were randomly selected from each group and
subjected to the same As/F treatment as their mothers until postnatal day 90 (Fig. 1). The
experimental protocol was approved by the Institutional Animal Care and Use Committee of
Shanxi Medical University.

Detection of As accumulation in blood

50 uL of the blood sample were aspirated into an Erlenmeyer flask, then 5 mL of mixed acid
and heat were added on a hot plate, until digestion to obtain colorless crystals. After
digestion, 1 mL of the mixture solution of sulfocarbamide and ascorbic acid was added the
digested sample, then dissolved in deionized water and made up to reach a total volume of
10 mL. Finally, the concentration in diluted samples were determined by an atomic
fluorescence spectrometer (AFS-9700, Beijing Haiguang, China). Detection of As
accumulation in rat blood through this method has been reported previously(Jing et al.
2012).

Detection of F accumulation in bone

The configuration of the fluorine standard solution is: 1x10~1 mol/L, 1x102 mol/L, 1x1073
mol/L, 1x10™* mol/L, 1x10™° mol/L. The fluoride standard solutions were mixed with total
ion strength adjustment buffer (T1S AB I1) in a 1:1 ratio (v/v) for quantification. The
potential value was measured by a fluoride ion selective electrode method, and a fluoride
standard curve was drawn.

An appropriate amount (25 mg) of the femur was placed in a mortar and dried at 105°C for 4
hours, and the dry bone was weighed. The dry bone was placed in a muffle furnace for 5
hours, the ashes were collected and weighed, and the weight ratio coefficient “a” of the
ashes/dry bone was calculated. Weigh the right amount of ashes and mark them as "w". In
order to stabilize the samples for fluoride assessment, 5 mL of HCI 0.25M was added to the
femoral ashes (w) of the samples. Then, the bone samples were mixed with 12.5 mL total
ion strength adjustment buffer (TISAB Il) and made up to 25 mL with ultrapure water.
Finally, the potential value was determined by fluoride ion selective electrode method, and
the concentration (A) of fluoride ion was calculated by the standard curve(Linhares et al.
2018). The fluoride content of the bone was assessed as follows:
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The fluoride content of the bone(pg / g) = (A X 12.5) / (w / a)

Histopathological examination

Histopathological analysis was done to assess the extent of kidney damage(Yan et al. 2019).
The fresh kidneys were cut, washed, and quickly fixed with 4% paraformaldehyde and then
embedded in paraffin. They were then sliced, spread, dried, dewaxed, stained, placed in a
neutral resin, and allowed to dry naturally. Finally, the rat kidney tissue stained slides were
observed using the Olympus BX53 optical microscope (Tokyo, Japan).

Ultrastructure of the kidney

Kidneys were extracted, washed with physiological saline, cut into 1-mm?3 pieces, fixed in
2.5% glutaraldehyde for 2 hours at 4°C, dehydrated through a graded series of ethanol
embedded in epoxy resin, trimmed, sectioned, and stained as described previously(Yan et al.
2015). Sections were observed and photographed under a JEM-1011 transmission electron
microscope (Tokyo, Japan).

Biochemical analysis

Whole blood was collected and allowed to stand for 2 hours before centrifugation at 5000
RPM for 10 minutes to separate serum, which was then used to measure creatinine (CRE)
and blood urea nitrogen (BUN) with test kits from Nanjing Jiancheng Bioengineering

Institute (Nanjing, China). The results were expressed as umol/L CER and pmol/L BUN.

Quantitative real-time PCR (qPCR)

Total RNA was isolated from kidney tissue using the RNAiso Plus reagent (Takara, Dalian,
China) and assessed for concentration and purity by absorbance at 260 nm/280 nm using a
microplate reader (BioTek, Winooski, VT, USA). cDNA was obtained by reverse
transcription using the PrimeScript RT reagent kit (Takara). Each gPCR was performed in a
volume of 20 pL including 10 pL of SYBR® Premix Ex TaqTM Il (Takara), 0.8 uL of each
primer (10 pM), 6.4 pL of double-distilled water, and 2 pL of cDNA in a real-time PCR
detection system (Line Gene 9660; Bori, Hangzhou, China) at the following cycling
conditions: initial denaturation at 95 °C for 30 seconds followed by 40 cycles of
denaturation at 95°C for 5 seconds, annealing at 60°C for 30 seconds, and extension at 72°C
for 30 seconds. Primers were designed according to mRNA sequences retrieved from
PubMed and synthesized by Takara (Table 1). Relative mMRNA expression of each gene was
determined by the 272ACt method as described previously(Livak and Schmittgen 2001).

Western blotting analysis

Kidneys were extracted from three rats in each treatment group, and 30 mg of kidney tissue
was treated with RIPA lysis buffer containing proteinase inhibitors. The homogenization was
carried out with ultrasonic crusher (CCT-3300, Chengdu, China) and centrifuged. Protein
concentration was measured using the BCA assay, and 50 ug of total protein was separated
by SDS-PAGE in 10% gels. Proteins were transferred to nitrocellulose membranes, which
were blocked with 5% (w/v) nonfat milk in Tris-buffered saline with Tween 20 (TBST), and
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then incubated with primary antibodies against B-actin Lc3, Beclinl and p62 (diluted
1:1,000; CST, USA) overnight at 4°C. After incubation with HRP-conjugated secondary
antibodies (1:4,000) for 1 hour at room temperature, the membranes were washed with Tris-
buffered saline/0.1% Tween-20 and signals were detected using an ECL luminescence
reagent and observed using an electrophoresis gel imaging and analysis system (G:Box
Chemi XX9; Syngene, London, UK).

Statistical analysis

Results

Statistical analyses were performed using the SPSS 22.0 software (IBM, Chicago, IL, USA).
All data were expressed as the mean + SD and analyzed for differences between groups by
one-way analysis of variance (ANOVA); P < 0.05 was considered significant. Variance
analysis was used to detect the interaction between two factors; P < 0.05 was considered
significant.

The bone fluoride levels and blood arsenic levels in rat offspring.

As- and F-exposure, alone or combined, led to significant increase of arsenic and fluoride
levels in blood and bone, respectively. The levels of fluoride in the F group and the
combined group was significantly higher than that in the control group and the As group
(Fig 2a). The levels of arsenic in the As group and the combined group was significantly
higher than that in the control group and the F group (Fig 2b).

The histopathology in the kidney of rat offspring

As shown in Fig. 3a, in the control group, the glomerular was regular and clear, and the
basement membrane was evenly distributed and had normal thickness. However, in the
treatment groups, the glomerular basement membrane was irregular thickened. In addition,
broken red blood cells were found in the vascular lumen in the arsenic group. As shown in
Fig. 3b, compared with the control group, kidney tubular epithelial cells were swollen,
granular and vacuolar. In addition, the epithelial cells of the renal tubules shed into the
lumen, and there were cell fragments in the treatment groups.

The ultrastructure in the kidney of rat offspring

In the control group, the glomerular basement membrane was evenly distributed and had
normal thickness; the distribution of podocytes and foot processes was regular and clear. In
rats treated with F alone, some foot processes were fused and swollen, and the basement
membrane was thickened, whereas in those treated with As, thickening of the basement
membrane was observed in a larger area, podocyte foot processes were swollen and their
fusion extended. In the F and As group, the pore size of the endothelial fenestrae was
increased, and extensive endothelial fenestrae are disrupted and scattered to the lumen (Fig.
43).

Regular plasma membrane pleats and mitochondria were observed in renal proximal tubular
epithelial cells of the control group. In all treatment groups, plasma membrane pleats of
renal tubular epithelial cells were sparse and the mitochondria disordered. The most severe
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effects were revealed in the As group, where cavitations inside the mitochondria, partial
rupture of the cristae, and even vacuoles were observed (Fig. 4b).

The serum CRE, BUN and UA levels in offspring

Renal function was evaluated by testing serum CRE, BUN and UA levels. BUN levels were
markedly increased by As alone, whereas F alone and combination of F and As also tended
to upregulate CRE, but the change was not statistically significant (Fig. 5a). The results
indicated that CRE and UA levels were significantly higher in all toxin-exposed groups
compared to those in the control group (Fig. 5b-c).

The distribution of autophagosomes and the expression of autophagy-related genes in the
kidney of rat offspring

In each group, autophagosomes were concentrated around the nucleus of renal tubular
epithelial cells. We observed vesicular structures surrounded by the bilayer membrane,
which included proteins; visually discernible organelles were lysosomes and mitochondria.
As shown in the micrographs, the highest number of autophagosomes were observed in the
As or F group. The number of autophagosomes in each group within the field of view was: 2
in the control group, 6 in the F group, 8 in the As group, and 5 in the combined group (Fig.
6a).

To further investigate the role of autophagy in the toxicity of F and As for the kidney, we
evaluated their effects on mMRNA expression of the Beclinl, L¢3, and p62 genes encoding
autophagy-related proteins Beclini, Lc3, and p62, respectively. The results indicated that in
all toxin-exposed groups, the expression of these genes was higher than in the control group.
Thus, mRNA levels of all analyzed genes were significantly increased in F-treated rats, and
those of Lc3and p62 genes were significantly increased in As-treated rats compared to
control rats. Interestingly, in the F+As group, only genes Lc3and p62were significantly
upregulated (Fig. 6b).

In this context, we have evaluated the protein expression levels of Beclini, Lc31l/ L¢3/, and
p621to determine the effect of F and As on kidney autophagy. As shown in Fig. 6¢-d,
compared with the control group, the Beclini, Lc31l/ Lc3l, and p62 protein levels were
significantly increased in all toxin-exposed groups.

The joint action of F and As exposure on the toxicity of kidney autophagy-related genes.

Variance analysis results of the autophagy-related gene experiment showed an interaction
between F and As. In Fig.7a, the mRNA results of Beclinl(F=4.372; P=0.050),
Lc3(F=16.168; P=0.001), and p62(F=7.062; P=0.015) genes showed that F and As exposure
may produce a joint action on the toxicity of kidney autophagy-related genes. Consistent
with mRNA expression, protein expression of Beclinl(F=21.828, P=0.000), Lc31l/Lc3!
(F=142.078; P=0.000), and p62(F=38.501; P=0.000) also showed an interaction between F
and As (Fig.7b). The mRNA and protein expressions of autophagy related genes (Beclinl,
Lce31l/Le3l, and p62) all showed interaction between F and As by variance analysis , and this
further results showed that the sum of gene expressions in the single group was higher than
that in the combined group, moreover, there are the antagonism between F and As.
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Discussion

Long-term exposure to excessive F or As concentrations through contaminated drinking
groundwater is a threat to the physical development and health of young children(Smith et
al. 2012; Zhu et al. 2017). A survey conducted in Chile indicated that early-life (in uteroand
childhood) environmental exposure to As in drinking water increased the mortality rate in
young adults(Smith et al. 2012). These findings indicate children (with early-life
environmental exposure to F and As) may be more sensitive to F and As exposure in the
environment than ordinary adults(Das et al. 2018). Therefore, to better mimic the hazards of
early-life (/n utero and childhood) environmental exposure to F and As, we have established
an animal model that are exposed to these pollutants since gestation and through the
neonatal period to puberty. Remarkably, our findings showed that F and As exposure alone
or combined led to significant increase of arsenic and fluoride levels in blood an d bone,
respectively, confirming the successful establishment of animal models.

The kidney is the main organ that excretes toxic substances of F and As, which can promote
chronic nephrotoxicity by damaging renal tubules, decreasing glomerular filtration rate, and
causing renal dysfunction(Cheng et al. 2017a; Khandare et al. 2017; Wen et al. 2013). In this
context, we used our model of long-term sub-chronic F and As exposure from day 0 of
gestation until day 90 post-delivery to clarify the pathogenic outcomes of F/As-
contaminated water intake in the kidney. As expected, our results indicate that F and As
exposure caused ultrastructural changes of glomeruli and renal proximal convoluted
epithelial cells; the effect of As alone was the most severe. Consistent with these
observations, F and As alone or in combination increased serum levels of CRE and UA,
moreover, BUN was significantly increased in the As group. Thus, sub-chronic exposure to
F and As starting from early embryogenesis to puberty can cause kidney damage in
offspring.

The main novel finding of the current study is the involvement of autophagy in the
nephrotoxicity of F and As. Autophagy is a catabolic process providing delivery and
degradation of cytoplasmic material (proteins, organelles and macromolecular complexes) in
lysosomes, which is accompanied by the formation, maturation and fusion of
autophagosomes(Liu et al. 2017). Interestingly, we clearly observed the started formation of
autophagosome that the double-layered phagophore that try to wrap around the mitochondria
are closing in Fig 8a. We also observed the maturation of autophagosome, such as the
formation of autolysosome in Fig 8b-c. Remarkably, we observed that the numbers of
autophagosomes in renal tubular epithelial cells were increased in all treated offspring
compared to control, but were the highest in the F and As groups. Autophagy is also tightly
regulated by various factors in throughout the autophagic flux, such as the genes of Beclinl,
Lc3 and p62. (Yu et al. 2018; Zhang et al. 2018). Beclinl is critical for the early stages of
autophagy as it regulates other autophagy-related factors and activates downstream gene
transcription(Cheng et al. 2017b). Microtubule-associated protein Lc3 is essential for the
formation of autophagosomes, and its expression is an indicator of the autophagosome
number in the cell(Park et al. 2016). Our results demonstrated that sustained sub-chronic
treatment with F and/or As significantly upregulated expression of the Beclinl-encoding
gene in offspring kidneys, suggesting that F and As affect the occurrence of early autophagy.
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In this context, we found a significant increase in L¢3 expression in response to F or As
exposure, which was consistent with the distribution of autophagosomes in the micrographs.
Therefore, we speculate that F and As affect autophagosome formation. Downstream of
autophagosome formation, autophagy receptor p62 binds to L¢3 promoting autophagosome
degradation, and p62 accumulation indicates the inhibition of autophagosome turnover(Park
et al. 2016; Zhao et al. 2018a). In this text, F and As alone and combination upregulated the
expression of the p62-encoding gene, suggesting that these toxicants may block the
downstream autophagic flow by inhibiting the degradation of autophagosomes.

To date, the literature has not strongly supported that the interaction between F and As and
its related health risks requires immediate attention. Our previous results show the existence
of an interaction relationship between As and F on oxidative stress, apoptosis, inflammation
(Ma et al. 2017; Ma et al. 2012; Tian et al. 2019). In this context, the mRNA and qualitative
and quantitative protein expression of autophagy-related genes showed an antagonism
between F and As, interestingly, it is the first time to confirm the relationship between F and
As on autophagy by variance analysis. Collectively, these data indicate an antagonism
between F and As effects on autophagy of nephrotoxicity exposed to the F/As combination;
however, interaction between F and As should be validated in further studies.

In summary, our study evaluated, for the first time, the role of autophagy in nephrotoxicity
of sub-chronic exposure to high-dose F, As, or their combination from early life (in utero
and childhood) to puberty. In addition, we made an innovative discovery that the toxicants
induced autophagosome formation while inhibiting their degradation in kidney tissue. Our
results indicate that F, and especially As alone, produced stronger effects on renal autophagy
than their combination, suggesting a cross-talk between the respective molecular pathways
(Fig. 8). Overall, our findings provide new insight into the role of autophagy in the
nephrotoxicity of F and As in offspring, which should contribute to understanding of the
underlying pathophysiological mechanisms for future prevention and treatment of endemic
diseases caused by these pollutants.
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F and As levels in blood or bone, respectively. The data are shown as the mean = SD (n = 6);
a, P <0.01 vs control; b, P<0.01vs As; c, P<0.01vs F.
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Control F As F+As

Fig. 3.
Histopathological changes in the kidney caused by exposure to F, As, or their combination.

Magnification, x400; a Histopathological change of glomerular, red arrows indicated
irregular thickening of the glomerular basement membrane, blue arrows indicated broken
red blood cells in the vascular cavity; b Histopathological change of kidney tubule, black
arrows indicated kidney tubular epithelial vacuolar degeneration and cell debris, green
arrows indicated kidney tubular epithelial cells fall off into the lumen.
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Control F As F+As

Fig. 4.
Ultrastructural changes in the kidney caused by exposure to F, As, or their combination. a

Glomerular ultrastructure. Magnification, x6000; End, BM, P and FP indicate endothelium,
basement membrane, podocytes and foot process fusion, respectively. b Ultrastructure of
proximal tubular epithelial cells. Magnification, x12000; M, PMP indicate mitochondria,
plasma membrane pleats
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offspring. The data are shown as the mean + SD (n = 6); *P < 0.05 and **P < 0.01 vs

control.
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Fig. 6.
a Distribution of autophagosomes in kidney cells of rat offspring exposed to F, As, or their

combination. Autophagosomes in the control group and groups treated with F, As, or F+As
are circled. Magnification, x15000; The yellow circles indicate autophagosomes. b The
MRNA expression of genes coding for Lc3, Beclin 1, and p62 was analyzed by gPCR. ¢ The
protein expression of genes coding for Lc3, Beclin 1, and p62 was analyzed by Western
blotting. The data are presented as the mean + SD (n = 6); *P < 0.05 and **P < 0.01 vs
control

Arch Toxicol. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Tian et al.

a

Estimated Marginal Means

Estimated Marginal Means

Estimated Marginal Means of Beclin1

Estimated Marginal Means of Lc3

1.40

1.0

&
2

Estimated Marginal Means
g 8
NS
NS
N

As As

Estimated Marginal Means
© -

8 8

i i

@
8
7

As
As

Fig. 7.

a Interaction between F and As on the mRNA experiment of Lc3, Beclin 1, and p62. b
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Fig. 8.
Model of F and As induced kidney injury. Deregulation of autophagy is involved in kidney
toxicity of fluoride and arsenic exposure during gestation to puberty in rat offspring.
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Table 1

Sequences of primers used for quantitative real-time PCR

Gene Primer sequence (5" to 3")

Accession no.

Primer length (bp)

Beclinl-F  GAAACTGGACACGAGCTTCAAGA
Beclinl-R ACCATCCTGGCGAGTTTCAATA

Lc3-F AGCTCTGAAGGCAACAGCAACA
Lc3-R GCTCCATGCAGGTAGCAGGAA
p62-F AAGCTGCCCTGTACCCACATC
p62-R ACCCATGGACAGCATCTGAGAG

Actb-F GGAGATT ACT GCCCT GGCTCCTA
Acth-R GACTCATCGTACTCCTGCTTGCTG

NM_001034117.1

NM_022867.2

NM_175843.4

NM_031144.2

23
22
22
21
21
22
23
24
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