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HIGHLIGHTS

e Fluoride induced renal function disorder.
e Fluoride induced kidney structure damage.
o Fluoride inhibited renal cells proliferation.

o Fluoride interfere the expression of mitochondrial respiratory chain complexes.

o Fluoride elevates mitochondrial fusion.
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A fluoride exposure mouse model is established to evaluate the relationship between mitochondrial
respiratory chain complexes and renal dysfunction. Morphological changes in kidney tissues were
observed. Renal function and cell proliferation in the kidneys were evaluated. The expression of mito-
chondrial fusion protein including mitofusin-1 (Mfn1) and optic atrophy 1 (OPA1), and mitochondrial
respiratory chain complex subunits, including NDUFV2, SDHA, CYC1 and COX IV, were detected via real-
time polymerase chain reaction, immunohistochemistry staining and Western blot, respectively. Results
showed that the structures of renal tubule, renal glomerulus and renal papilla were seriously damaged.
Renal function was impaired, and cell proliferation was remarkably inhibited by excessive fluoride in
kidney. The mRNA and protein expression levels of Mfn1, OPA1, NDUFV2, CYC1 and COX IV were
significantly increased after excessive fluoride exposure. However, the mRNA and protein expression of
SDHA significantly decreased. Overall, our findings revealed that excessive fluoride can damage kidney
structure, inhibit renal cell proliferation, interfere with the expression of mitochondrial respiratory chain

complexes and elevate mitochondrial fusion. Consequently, renal function disorder occurred.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Kidney is a highly metabolically active organ that plays an
important role in removing metabolites from the plasma and in
maintaining the homeostasis of water, electrolytes and pH.
Oxidative phosphorylation of mitochondria is vital in ATP produc-
tion to sustain the reabsorption and secretion function of renal
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tubule cells (Hall et al., 2009). Kidney function is highly related to
the energy production of the mitochondria, and mitochondrial
dysfunction is associated with diabetic and chronic kidney disease
(Forbes and Thorburn, 2018; Galvan et al., 2017; Che et al., 2014).
Mitochondrial fusion is essential for complementation of damaged
mitochondrial DNAs and the maintenance of membrane potential
for the physiological functions of the mitochondria (Cao et al., 2017,
Franco et al., 2016). Mitofusin-1 (Mfn1) and optic atrophy 1 (OPA1)
are dynamin proteins possess membrane-remodelling properties.
Mfn1 and OPA1 mediate the fusion of outer and inner membranes
of the mitochondria, respectively (Friedman and Nunnari, 2014; Lee
and Yoon, 2016). However, an abnormal OPA1 expression leads to
the fragmentation of the mitochondrial network, resulting in the
permeabilisation of the outer mitochondrial membrane (Liesa et al.,
2009; Elgass et al., 2013). The expression of decreased Mfn1 and
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increased fission-1(Fis1) may be involved in the increased oxidative
stress in the kidney of chronic fluorosis rats (Qin et al., 2015). Some
studies have also indicated that the mutation of OPA1 and Mfn
genes is involved in neurodegenerative disease, such as dominant
optic atrophy and Charcot-Marie-Tooth subtype 2A (Youle et al.,
2012; Khacho and Slack, 2018). Therefore, the disruption of fusion
causes mitochondrial dysfunction, further affecting kidney
function.

Mitochondria respiratory chain is a redox and protonic coupling
centre in oxidative phosphorylation and the main source of ATP
production (Papa et al., 2012). Mitochondrial respiratory chain
complexes, which are important components of the mitochondrial
respiratory chain, are multi-subunit membrane protein complexes,
including complexes I, II, III, IV. NDUFV2, SDHA, CYC1, COX 1V,
indispensable for assembly and function of the mitochondrial res-
piratory chain, are subunit of mitochondria complex I, II, III, IV.
Mitochondrial complex 1 is responsible for NADH-catalysed
oxidation by ubiquinone, and complex II can oxidation succinate
into fumarate in the TCA cycle (Stroud et al., 2016; Korge et al.,
2017). Complex I combines with complexes III and IV in the form
of a supercomplex, which produces a transmembrane proton
gradient for ATP synthesis (Lapuente-Brun et al., 2013). Complex IV,
the terminal oxidase of the mitochondrial respiratory chain, can
accept electrons from cytochrome c and transfer them to molecular
oxygen to generate water (Little et al., 2018). Complex IV de-
ficiencies cause subsequent loss of complex I, and the deficiency of
mitochondrial complex I is associated with diverse cardiovascular
diseases (Diaz et al., 2006; Forte et al., 2019). Complex I and com-
plex Il are generally considered the principal sites for ROS pro-
duction (Chen et al., 2003b). Impaired mitochondrial respiratory
chain complexes may result in ROS accumulation and decrease the
synthesis of ATP involved in cell death (Baldissera et al., 2017). Thus,
mitochondrial function is closely related to the normal expression
of mitochondrial respiratory chain complexes.

Fluoride (F) has strong mitochondrial toxicity. Various studies
have shown that excess F intake can induce mitochondria damage,
leading to the release of Cyt c and the activation of caspase cascade,
thereby causing apoptosis (Tan et al., 2018; Wang et al., 20173,
2017b). Oxidative stress and lipid peroxidation are putative
mechanisms of F toxicity. However, the underlying mechanisms of
F-induced kidney dysfunction remain unclear. In this study, a
mouse model of F-induced renal lesion was established to inves-
tigate the mechanism of F induced nephrotoxicity. The functions of
the kidney and the mitochondrial respiratory chain were evaluated,
and kidney cell proliferation was analysed through Bromodeox-
yuridine (BrdU) measurement.

2. Materials and methods
2.1. Experimental animals

Forty-eight 30-day-old healthy Kunming mice were obtained
from the Experimental Animal Centre of Zhengzhou University and
kept in a standard animal house with air conditioning at 22—25 °C
under hygienic conditions.

2.2. Establishment of the F-exposed mouse model

After a week of balanced feeding, the experimental mice were
randomly divided into four groups of 12. The experiment was
designed as follows: mice in the control group were given distilled
water and fed with a standard diet; mice in the fluorine groups
were given drinking water containing 25, 50 and 100 mg/L F~ and
fed with a standard diet. On the 90th day of F exposure, the mice
were anesthetised with 20% urethane (ethyl carbamate) solution.

Blood was collected by cardiac puncture, and the serum was pre-
pared. Serum samples were stored at —80 °C for preservation. The
kidney was carefully removed and rapidly fixed in 10% formalde-
hyde for histopathological observation. This study design was
approved by the Institutional Animal Care and Use Committee of
China.

2.3. Histopathological observation

After the kidney tissues were fixed in 10% formaldehyde, the
kidney tissue was dehydrated in different ethyl alcohol concen-
trations, rendered transparent in xylene, embedded in paraffin,
continuously sliced to 5pum and stained with haematoxylin and
eosin. The sections were observed under a light microscope.

2.4. Assay of the renal function

The serum biochemical indices of calcium (Ca), phosphorus (P),
creatinine (CREA), urea and uric acid (UA) were measured in
accordance with the standard procedures by using an Automatic
biochemical Analyzer (Rayto Life and Analytical Sciences Co., Ltd,
Shenzhen, China).

2.5. BrdU measurement

BrdU measurement was conducted in accordance with the
manufacturer’s instructions (Servicebio, Wuhan, China). On the
90th day of fluorine treatment, the mice were intraperitoneally
injected with BrdU. The experimental procedure was as follows:
0.3mL of the BrdU solution (10 mg/mL) was intraperitoneally
injected once every 2 h (four times in total). After the last injection
of BrdU for 24 h, the mice were sacrificed, and their kidneys were
carefully collected for immunohistochemistry (IHC) assay.

2.6. IHC staining

The paraffin tissue was serially sliced to 5pum, dewaxed in
xylene, rehydrated in different concentrations of ethyl alcohol and
washed with distilled water. The sections were blocked with 5%
bovine serum, incubated with specific Mfn1 (13798-1-AP, Pro-
teintech Group Inc., Wuhan, China), OPA1 (27733-1-AP, Proteintech
Group Inc., Wuhan, China), NDUFV2 (15301-1-AP, Proteintech
Group Inc., Wuhan, China), SDHA (14865-1-AP, Proteintech Group
Inc., Wuhan, China), CYC1 (10242-1-AP, Proteintech Group Inc.,
Wuhan, China), COX IV (10242-1-AP, Proteintech Group Inc.,
Wuhan, China) at 4°C in a humidified chamber overnight and
washed with phosphate buffered solution thrice. The sections were
incubated with secondary antibody for 50 min at room tempera-
ture and stained with 3,3-diaminobenzidine. They were counter-
stained with haematoxylin and washed with tap water. [HC
micrographs were observed under a microscope.

2.7. Quantitative real-time PCR

Total cellular RNA was extracted from the kidney tissue by using
TRIzol reagent (Invitrogen, USA) and cDNA was further synthesised
in accordance with the manufacturer’s instruction. The specific
primers for Mfn1, OPA1, NDUFV2, SDHA, CYC1 and COX IV were
designed using Primer 5.0. Real-time PCR was performed using an
Mx3000pTM real-time PCR system (Stratagene, USA) and a SYBR ®
premix Ex Taq™ (Perfect Real Time) Kit (Takara, China). The relative
expression levels of target genes were normalised to $-actin.
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2.8. Western blot analysis

The kidney tissues were homogenised in lysis buffer and
washed twice with ice-cold PBS. The homogenate was subse-
quently centrifuged at 12,000xg for 5 min at 4 °C. Afterwards, the
supernatants were used to determine protein concentrations and
normalised to a concentration equal to that of the protein. The
supernatant protein was separated through SDS-PAGE and trans-
ferred onto polyvinylidene membrane. The membranes were
blocked using 5% nonfat milk, and immunoblotting was performed
by incubating the membranes with Mfn1, OPA1, NDUFV2, SDHA,
CYC1, COX IV primary and secondary antibodies. Protein bands on
the membranes were detected via enhanced chemiluminescence.

2.9. Statistical analysis

Experimental data were expressed as mean + standard devia-
tion. Statistical and data analyses were performed by t-test, and
P < 0.05 was considered statistically significant.

3. Results
3.1. Effects of F on the histological structure of mouse kidney

As shown in Fig. 1, the cells of the renal glomerulus, the renal
tubule and the renal papilla of the mice were neatly arranged with a
normal histological structure in the control group. The shapes of
the cells were regular and had a clear boundary (Fig. 1A1, A2 and
A3). The kidney of the cells from F 25 group slightly changed
(Fig.1B1, B2 and B3). However, in the F 50 and 100 groups, the space
of renal capsule was enlarged and the glomerulus was atrophied as
the dose of F increased (Fig. 1C1 and D1). The cells of renal tubule
and the renal papilla exposed to excessive fluoride were irregularly
arranged, resulting in cell swelling, light-stained nuclei (Fig. 1C2, C3
and D3) and even cell breakage (Fig. 1D2).

3.2. BrdU measurement assay

The results of BrdU measurement in the kidney tissues are
shown in Fig. 1. In the control group, BrdU-labelled kidney tissue
exhibited a positive expression in the renal glomerulus, the renal
tubule and the renal papilla (Fig. 1A4, A5 and A6). This finding
indicated that cells remarkably proliferated in the kidney. In the F
25 group, the cells also exhibited a positive expression in the renal
glomerulus, the renal tubule and the renal papilla (Fig. 1B4, B5 and
B6). As the F dose intake increased, the positive expression of BrdU-
labelled kidney tissue was remarkably down-regulated in the F 50
and 100 groups (Fig. 1C4, C5, C6, D4, D5 and D6). This result sug-
gested that cell proliferation in renal glomerulus, the renal tubule
and the renal papilla was inhibited. The relative densities of BrdU in
the renal glomerulus, the renal tubule and the renal papilla were
markedly down-regulated as the F intake increased (Fig. 1E, F and
G).

3.3. Effects of F on renal function in mice

Renal function was measured by the changes in biomarkers (Ca,
P, CREA, urea and UA) after fluoride exposure for 90 days. Table 1
shows that the serum concentrations of Ca and P were signifi-
cantly decreased in the F 50 and 100 groups compared with that in
the control group (P < 0.05). The serum concentration of CREA was
significantly decreased in the F 100 group compared with that in
the control group (P < 0.05). The serum concentration of UA was
significantly increased in the sera of F 50 and 100 groups compared
with that of the control group (P < 0.01), whereas the concentration

of urea was not significantly changed.
3.4. Effects of fluoride on mitochondrial fusion in kidneys

The mRNA and protein expression levels of OPA1 and Mfn1 in
the kidney are shown in Fig. 2. As presented in the IHC results, the
expression levels of OPA1 and Mfn1 increased in F groups
compared with that in the control group (Fig. 2A). Real-time PCR
showed that the mRNA expression levels of Mfn1 and OPA1
significantly increased in the fluoride group (P <0.01) (Fig. 2B).
Western blot analysis revealed that the expression levels of Mfn1
and OPA1 were significantly up-regulated in this study (P <0.01)
(Fig. 2C and D).

3.5. Effects of fluoride on the expression of the subunits of
mitochondprial respiratory chain complexes in the kidney

In Fig. 3, the mRNA and protein expression of NDUFV2 in the
kidney was determined after F exposure. IHC showed that the
expression of NDUFV2 increased in the fluoride group as the fluo-
ride dose increased (Fig. 3A). Real-time PCR revealed that the mRNA
expression of NDUFV2 significantly increased in the F 50 and 100
groups (P < 0.01) (Fig. 3B). Western blot analysis demonstrated that
the expression level of NDUFV2 significantly increased in the F 50
and 100 groups (P < 0.05) (Fig. 3C and D).

Fig. 4 shows the mRNA and protein expression of SDHA in the
kidney. As exhibited in the IHC results, the expression of SDHA
decreased as F dose increased (Fig. 4A). Real-time PCR showed that
the mRNA expression of SDHA significantly decreased in the F
groups (P < 0.01) (Fig. 4B). Western blot analysis demonstrated that
the expression level of SDHA was significantly down-regulated in
the F 50 and 100 groups (P < 0.05) (Fig. 4C and D).

The mRNA and protein expression levels of CYC1 in the kidney
are shown in Fig. 5. IHC showed that the expression of CYC1 was
up-regulated as the F dose increased (Fig. 5A). Real-time PCR
demonstrated that the mRNA expression of CYC1 significantly
increased in the fluoride group (P<0.01) (Fig. 5B). Western blot
analysis revealed that the expression level of CYC1 significantly
increased in the F 50 and 100 groups (P < 0.05) (Fig. 5C and D).

Fig. 6 presents the mRNA and protein expression levels of COX IV
in the kidney. IHC result showed that the expression of COX IV
increased as the F dose increased (Fig. 6A). Real-time PCR showed
that the mRNA expression of COX IV significantly increased in the
fluoride group (P<0.01) (Fig. 6B). Western blot analysis demon-
strated that the expression level of COX IV significantly increased in
the F 50 and 100 groups (P < 0.05) (Fig. 6C and D).

4. Discussion

Kidney is a crucial organ in eliminating metabolites and toxic
substances in vivo. It is vulnerable to invasion and damage by toxins
or toxicants. The renal tubular epithelial cells, endothelial cells and
sertoli cells are the constituent cells of the key point in renal tu-
bules, renal glomeruli and renal papilla, respectively, which play
crucial roles in the reabsorption, hemofiltration rate and excretion
function of the kidneys (Antonio et al., 2017; Kido et al., 2017). Thus,
these cells damage or proliferation inhibition will seriously affect
kidney function. The cell proliferation is the basis of maintaining
structure of organs, the proliferation of renal tubular epithelial
cells, endothelial cells and sertoli cells in kidney was inhibited by F
might be closely related to the structure damage of kidney. In this
study, F could induce the damage of renal tubules, renal glomeruli
and renal papilla in a dose-dependent way. Cell proliferation was
remarkably inhibited by excessive F in the kidneys. F damages the
structure of kidney and inhibits cell proliferation, further affecting
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Fig. 1. Effect of fluoride on the histological morphology and cell proliferation in the kidney tissue. A1, A2 and A3 are the sections in the control group; B1, B2 and B3 are the sections
in the F 25 group; C1, C2 and C3 are the sections of the kidney in the F 50 group; D1, D2 and D3 are the sections of the kidney in the F 100 group; A4, A5 and A6 are Brdu labelled
kidney tissue in the control group; B4, B5 and B6 are Brdu labelled kidney tissue in the F 25 group; C4, C5 and C6 are Brdu labelled kidney tissue in the F 50 group; D4, D5 and D6 are
Brdu labelled kidney tissue in the F 100 group. E, F and G are Relative densities of BrdU in the kidney tissues. *P < 0.05 and **P < 0.01 (the F group compared with the control group).

kidney functions and altering Ca and P metabolism. Ca and P play
important roles in bone remodelling by bone resorption and bone
formation, promoting bone formation and growth (Peacock, 2010).
F can induce a decrease in Ca contents in faeces and blood and
significantly increase the concentration of intracellular calcium,

further leading to Ca®>* overload and endoplasmic reticulum stress
in cells (Wang et al., 2018; Zhang et al., 2016b; Xu et al., 2007).
Calcium ion is a crucial intracellular messenger in many signal
transduction systems (Carafoli and Krebs, 2016). An abnormal Ca
concentration results in cellular dysfunction. In this study, Ca and P
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Table 1
Effect of F on kidney function (Ca, P, CREA, UA, UREA) in the serum of mice (Mean + SD, n = 6).
Groups Ca (mmol/L) P (mmol/L) CREA (pumol/L) UA (pumol/L) UREA (mmol/L)
Control group 2.46 +0.01 2.78+0.17 68.12 +3.86 145.76 + 6.58 9.03 +0.62
F 25 group 2.34+0.08 2.75+0.38 67.24+5.67 152.54 +13.64 9.92 +0.68
F 50 group 2.28 + 0.08™* 223 +0.21** 64.96 +7.05 212.48 + 30.97** 9.76 £ 0.85
F 100 group 2.28 + 0.06™* 2.35 + 0.24* 60.86 + 3.35* 253.96 + 30.29"* 9.07 +0.28

*P < 0.05 and **P < 0.01 (fluoride group compared with the control group).
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Fig. 2. Effects of fluoride on mitochondrial fusion protein expression in kidney tissue. (A) Immunohistochemistry of Mfn1 and OPA1 expressions in kidney tissue. (B) mRNA
expression of Mfn1 and OPA1 in kidney detected by real-time PCR. (C) Western blot electrophoretic pattern. (D) Relative expression levels of Mfn1 and OPA1 in kidney tissue
detected by Western blot. B-actin was used as a control. *P < 0.05 and **P < 0.01 (fluoride group compared with the control group).

concentrations significantly decreased, suggesting that F could
affect renal function and disturb Ca and P metabolism.

CREA, UA and urea concentrations serve as biomarkers in serum
to reflect renal function. CREA is a metabolic product of muscles in
organisms and mainly excreted by filtration in the glomerulus. The
concentration of CREA is implicated in the function of glomerular
filtration and widely used to measure renal function (Levey et al.,
1988; Myers et al., 2006). UA and urea levels associated with
renal function are usually accompanied by kidney injury. UA is the
final product of purine metabolism and exists largely as urate anion
at physiological pH (Fathallah-Shaykh and Cramer, 2014). The
reduced glomerular filtration rate leads to an increased serum UA,
which is involved in hyperuricaemia (Giordano et al., 2015). The
excessive accumulation of UA in serum is toxic to the body and
implicated in gout, hypertension and cardiovascular diseases
(Abeles, 2015). Urea is the ultimate product of protein metabolism

and eliminated by the kidney. An abnormal urea concentration in
serum can induce the apoptosis of vascular smooth muscle cells,
promoting vascular calcification (Lau and Vaziri, 2017). F-induced
nephrotoxicity is associated with kidney dysfunction. When renal
function deteriorates, the elimination of F is also reduced, resulting
in excessive F accumulation in kidneys and aggravating F toxicity
(Kido et al., 2017). Therefore, normal kidney function plays a crucial
role in reducing the accumulation of F in vivo. In this study, the
serum levels of CREA and UA significantly increased; however, the
urea concentration was not altered significantly. These results
indicated that F could induce changes in renal biochemical in-
dicators and cause kidney dysfunction.

Mitochondrion is a crucial target for various environmental
pollutants. Our previous study showed that F can severely damage
mitochondrial structure, leading to mitochondrial crista dissolution
and vacuolisation (Tan et al., 2018; Zhou et al., 2018). Mitochondrial



6 H.-w. Wang et al. / Chemosphere 238 (2020) 124607

—

Control group

25 group F100 group

=
=
=
o =
E -
2 g
a
Z. &
=
; =
o
o g
=4 =
2 g
’ &~

0

[ Control group 3 Control group
2.0 ER F 25 group 1.0 g F 25 group
g F 50 group F 50 group
S - .
% 5] ¥ 100 group Control F25 FS0 F100 %. 0.8 F 100 group
% £ group group group group 2w
= 10 2
£ i 4
g - e W \DUFV: £
% = & 02
. ePewesee o .

NDUFV2 NDUFV2

Fig. 3. Effects of fluoride on NDUFV2 expression in kidney tissue. (A) Immunohistochemistry of NDUFV2 expression in kidney tissue. (B) mRNA expression of NDUFV2 in kidney
tissue detected by real-time PCR. (C) Western blot electrophoretic pattern. (D) Relative expression level of NDUFV2 in kidney tissue detected by Western blot. f-actin was used as a
control. *P < 0.05 and **P < 0.01 (fluoride group compared with the control group).

A
Control group F 50 group F100 group

SDHA
Renal tubule

SDHA
Renal papilla

3 Control group [ Control group
159 E3 F 25 group 06 g E ;5) group
T 50 group group
F 100 group Control  F25 F50 F100 F 100 group
19 group  group group group

[ R R e
. L L
SDHA SDHA

Fig. 4. Effects of fluoride on SDHA expression in kidney tissue. (A) Immunohistochemistry of SDHA expression in kidney tissue. (B) mRNA expression of SDHA in kidney tissue
detected by real-time PCR. (C) Western blot electrophoretic pattern. (D) Relative expression level of SDHA in kidney tissue detected by Western blot. B-actin was used as a control.
*P < 0.05 and **P < 0.01 (fluoride group compared with the control group).

=
kS

0.5

mRNA
relative expression
o
N

Relative density

o



Control group

CYC1

CYC1

H.-w. Wang et al. / Chemosphere 238 (2020) 124607
F 25 group
2
=
2
=
~—
=
g
=7
S
| 5
| =
=%
=
=
]
~

3 Control group
E3 F 25 group

F 50 group

F 100 group

nd
=

Control F 25

-
o

mRNA
relative expression
& 5

=4
o

CYC1

F50 F100
group group group group

T S S CYC1
GRS GNP ACTIN

3 Control group
ER F 25 group
] F 50 group

F 100 group

=
o

Relative density
o
&

CYC1

Fig. 5. Effects of fluoride on CYC1 expression in kidney tissue. (A) Immunohistochemistry of CYC1 expression in kidney tissue. (B) mRNA expression of CYC1 in kidney tissue
detected by real-time PCR. (C) Western blot electrophoretic pattern. (D) Relative expression level of CYC1 in kidney tissue detected by Western blot. $-actin was used as a control.

*P < 0.05 and **P < 0.01 (fluoride group compared with the control group).

A

Control group F 25 group

F50 group F100 group

Renal tubule

Renal papilla

3 Control group
B3 F 25 group
3 F 50 group

Fl00gow  Conrol F25

mRNA

F50 F100
group group group group

S a—— % COX IV
DS S G ACTIN

3 Control group
B3 F 25 group
[ F 50 group

F 100 group

Relative density

Fig. 6. Effects of fluoride on COX IV expression in kidney tissue. (A) Inmunohistochemistry of COX IV expression in kidney tissue. (B) mRNA expression of COX IV in kidney tissue
detected by real-time PCR. (C) Western blot electrophoretic pattern. (D) Relative expression level of COX IV in kidney tissue detected by Western blot. B-actin was used as a control.
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respiratory chain complexes are located in mitochondrial cristae,
and the breakup of mitochondrial crista seriously affects respira-
tory chain function. As one of the recognised mechanisms of F
toxicity, F can induce mitochondrial damage by oxidative stress
(Zhou et al,, 2015; Wang et al., 2017b). The inhibition of the activ-
ities of mitochondrial respiratory chain complexes is related to ROS

production, which is responsible for disease pathogenesis
(Baldissera et al., 2017). Excessive ROS accumulation leads to
mitochondrial damage that induces the opening of mPTP, the
release of Cyt c into the cytosol and the activation of caspase
cascade (Ameeramyja et al., 2016; Tan et al., 2018). Oxidative phos-
phorylation is a major process in ATP production that can be
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disturbed by mitochondrial respiratory chain damage. Our previous
study confirmed that fluoride can induce the abnormal expression
of mitochondrial respiratory chain complexes, leading to an
increased ROS expression and a decreased ATP production in
ovarian granulosa cells (Zhao et al., 2019). To investigate the link
between renal function and mitochondrial respiratory capacity, we
detected the expression of mitochondrial respiratory chain com-
plexes. The expression of CYC1 and COX IV was notably inhibited
after excessive fluoride exposure. However, the expression of
NDUFV2 did not change significantly, whereas the expression of
SDHA markedly increased. These results suggested that excessive F
exposure interfered with the expression of mitochondrial respira-
tory chain complexes, leading to an abnormal expression in the
mitochondria. The abnormal expression of complex subunits indi-
cated respiratory chain damage, which may be involved in mito-
chondrial dysfunction.

Mitochondrial fusion participates in mitochondrial homeostasis,
and abnormal fusion leads to mitochondrial dysfunction. The
normal expression of mitochondrial fusion protein plays an
important role in mitochondrial morphology. Mfn1 and Mfn2 can
mediate the mitochondrial outer membrane fusion and are essen-
tial for growth and development (Chen et al., 2003a; Zhang et al.,
2016a). OPA1, which mediates the fusion of mitochondrial inner
membranes, also plays a key role in crista remodelling (Lee et al.,
2017). Mitochondrial crista morphology modulates mitochondrial
respiration and determines the assembly and stability of respira-
tory chain supercomplexes (Cogliati et al., 2013; Varanita et al.,
2015). Moreover, mitochondrial respiratory chain efficiency can
be improved by the increased OPA1 levels (Civiletto et al., 2015).
The expression level of OPA1 was significantly up-regulated in this
study. The increased expression of OPA1 might be a compensatory
response to impaired mitochondrial respiratory chain. The
increased expression levels of MFN1 and OPA1l indicate that
excessive fluoride intake can induce an increase in mitochondrial
fusion in kidneys.

The measuring the expression of the mitochondrial respiratory
chain complex and fusion protein showed that F could disturb the
expression levels of mitochondrial respiratory chain complexes and
enhance mitochondrial fusion to counteract the F-induced negative
effect on mitochondrial dysfunction. F-induced mitochondrial
dysfunction might be the key point of the inhibition of cell prolif-
eration in kidneys. Kidney dysfunction could also confirm that F-
induced renal damage is closely related to mitochondrial dysfunc-
tion. These findings demonstrated that mitochondrial respiratory
chain and fusion might be associated with mitochondrial
dysfunction, which occurred in kidney damage after excessive F
exposure.

In conclusion, excessive F could damage kidney structure,
inhibit renal cell proliferation, interfere with the expression of
mitochondrial respiratory chain complexes and elevate mitochon-
drial fusion. Consequently, renal function disorder occurred.
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