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Abstract

Fluoride (F) has been employed worldwide to control dental caries. More recently, it has been suggested that the consumption

of low doses of F in the drinking water may reduce blood glucose levels, introducing a new perspective for the use of F

for the management of blood glucose. However, the exact mechanism by which F affects blood glucose levels remains largely

unexplored. Given that the small gut plays a pivotal role in glucose homeostasis, the aim of this present study was to investigate

the proteomic changes induced by low doses of F in the ileum of female non-obese-diabetic (NOD) mice. Forty-two female NOD

mice were divided into two groups based on the F concentration in their for 14 weeks: 0 (control) or 10 mg/L. At the end of

the experimental period, the ileum was collected for proteomic and Western Blotting analyses. Proteomic analysis indicated

an increase in isoforms of actin, gastrotropin (confirmed by Western Blotting), several H2B histones and enzymes involved in

antioxidant processes, as well as a decrease in enzymes essential for energy metabolism. In summary, our data indicates an

adaptive response of the organism to preserve protein synthesis in the ileum, despite significant alterations in energy metabolism

typically induced by F, therefore highlighting the safety of controlled fluoridation in water supplies.
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ABSTRACT

Fluoride (F) has been employed worldwide to control dental caries. More recently, it has been suggested that
the consumption of low doses of F in the drinking water may reduce blood glucose levels, introducing a new
perspective for the use of F for the management of blood glucose. However, the exact mechanism by which
F affects blood glucose levels remains largely unexplored. Given that the small gut plays a pivotal role in
glucose homeostasis, the aim of this present study was to investigate the proteomic changes induced by low
doses of F in the ileum of female non-obese-diabetic (NOD) mice. Forty-two female NOD mice were divided
into two groups based on the F concentration in their for 14 weeks: 0 (control) or 10 mg/L. At the end of
the experimental period, the ileum was collected for proteomic and Western Blotting analyses. Proteomic
analysis indicated an increase in isoforms of actin, gastrotropin (confirmed by Western Blotting), several
H2B histones and enzymes involved in antioxidant processes, as well as a decrease in enzymes essential for
energy metabolism. In summary, our data indicates an adaptive response of the organism to preserve protein
synthesis in the ileum, despite significant alterations in energy metabolism typically induced by F, therefore
highlighting the safety of controlled fluoridation in water supplies.

Keywords: ileum, diabetes, fluoride, glucose homeostasis, epigenetic

INTRODUCTION

Fluoride (F) has been widely employed worldwide to control dental caries, primarily through drinking water
and toothpaste (Bratthall et al. 1996; Buzalaf and Whitford 2011; Iheozor-Ejiofor et al. 2015). However,
excessive ingestion may cause various alterations in the organism, including oxidative stress (Pereira et
al. 2018; Pereira et al. 2016; Pereira et al. 2013), perturbations in the lipid metabolism (Dionizio et al.
2018a), changes in intracellular homeostasis and cell cycle, leading to apoptosis (Barbier et al. 2010),and
morphological and proteomic alterations in the duodenum (Melo et al. 2017), jejunum (Dionizio et al. 2018b)
and ileum (Dionizio et al. 2021).

The gastrointestinal tract (GIT) is the main route of exposure to F. Approximately 25% of the ingested F
is absorbed in the stomach as hydrofluoric acid, (Whitford and Pashley 1984), and around 75% is absorbed
in the small intestine in its ionic form (F-), independent of pH (Nopakun and Messer 1990; Nopakun et al.
1989). Consequently, gastrointestinal symptoms like nausea, vomiting, abdominal pain, and diarrhea are the
first signs of F toxicity (Whitford 2011).

More recently, it has been suggested that consumption of low doses of F in drinking water, similar to those
added to artificially fluoridated water, may increase insulin sensitivity or reduce blood glucose levels (Lima
Leite et al. 2014; Lobo et al. 2015; Malvezzi et al. 2019; Trevizol et al. 2020; Trevizol et al. 2023), which
is very relevant from the perspective of public health, since water fluoridation is recognized among the top
ten public health achievements of the last century (Centers for Disease and Prevention 1999). However, the
exact mechanisms by which F influences glucose homeostasis remain unclear.

The small gut is central to glucose homeostasis, as the jejunum senses nutrients and regulates hepatic glucose
production, and the entire small gut secretes both glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotrophic peptide (GIP), enhancing insulin secretion (Kamvissi-Lorenz et al. 2017). GLP-1 enhances
insulin secretion, accounting for around 70% of the insulin secretion in the presence of high levels of glucose
(Miyawaki et al. 2002).
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In this study, NOD mice, a validated model for evaluating agents and protocols that prevent or reverse type
1 diabetes (T1D) (Mullen 2017), were used to assess the proteomic changes induced by low doses of F in the
ileum. This aims to provide insights into the mechanisms by which F affects glucose homeostasis.

MATERIAL AND METHODS

Animals, fluoride treatment and ileum collection

The experimental protocol was approved by the Animals Ethics Committee of Bauru School of Dentistry
(CEUA-Proc. 013/2017). Forty-two female NOD mice were randomly divided into two groups based on the
fluoride concentration (as sodium fluoride) in the drinking water administeredad libitum for 14 weeks: 0
(control) or 10 mgF/L (as sodium fluoride). The drinking was water administered ad libitum to the animals
for 14 weeks (Trevizol et al. 2020). This F concentration aims to mimic the consumption of water from the
public supply by humans, since the metabolism of F by rodents is 5-10 times faster compared to humans
(Dunipace et al. 1995). Female NOD mice were selected because they develop insulitis and diabetes to a
higher degree than their male counterparts. The treatment period of 14 weeks was chosen because insulitis
starts at 2-4 and 5-7 weeks in females and males, respectively, and the development of hyperglycemia is
observed between 12 and 30 weeks (Mullen 2017). During the experimental period, the animals received
low F (˜ 2 mg/Kg) and normocaloric diet ad libitum . The animals were euthanized at the conclusion of
the experimental period (exposure to CO2 followed by decapitation). The ileum was collected following the
procedure described in a previous publication (Dionizio et al. 2021) for proteomic and western blotting
analyses (n=12 animals per group). Plasma fluoride, plasma glucose and plasma insulin were assayed and
the results are reported in a previous publication (Trevizol et al. 2020).

Proteomics and bioinformatics analyses

The proteomic analysis was performed exactly as previously described (Dionizio et al., 2018). Briefly, the
ileum was homogenized, proteins were extracted (lysis buffer A - 7 M urea, 2 M thiourea, 40 mM DTT, all in
AMBIC solution) and the samples were quantified using the Bradford method (Bradford 1976). Samples were
then reduced (5 mM DTT; BioRad, cat# 161-0611) and alkylated (10 mM IAA; GE, cat# RPN 6302V).
Digestion was performed by the addition of 2% (w/w) trypsin overnight (Promega, cat #V5280). To stop
the digestion, 5% TFA was added. Supernatant was purified using C 18 Spin columns (Pierce, cat #89870)
and then resuspended in a solution containing 3% ACN and 0.1% formic acid.

The Xevo G2 (Waters) mass spectrometer coupled to the nanoACQUITY (Waters) system for the peptide
analysis and Protein Lynx Global Server (PLGS) version 3.03 software was used to process and search for
continuous LC-MSE data, as previously described (Dionizio et al. 2020; Trevizol et al. 2020). Peptides were
identified using the software’s ion counting algorithm and a search on the updated Mus musculus database
(UniProtKB). The PLGS detected difference in expression between the groups, used t-test, with p<0,05. The
software CYTOSCAPE® (Java®) was employed to construct networks of molecular interaction between
the identified proteins, supported by ClusterMarker® and ClueGO applications.

The mass spectrometry proteomics data have been deposited at the ProteomeXchange Consortium
(http://proteomecentral.proteomexchange.org) via the PRIDE partner repository (Perez-Riverol et al. 2019)
with the dataset identifier PXD031865.

Western blotting analysis

The Western blotting was conducted as previously described (Dionizio et al. 2021; Yan et al. 2012). Ileum
protein extracts were obtained by lysing homogenized tissue in lysis buffer A, supplemented with protease
inhibitors (Roche Diagnostics, Mannheim, Germany). Protein samples (40 μg) were resolved in 10% Tris-
HCl polyacrylamide gels and subsequently transferred to a Polyvinylidene difluoride (PVDF) membrane.
Membranes were probed with commercially available Gastrotropin (1:500 dilution) (Abcam, Cambridge,
MA, USA) and β-Αςτινιν (1:200 dilution), followed by HRP-conjugated anti-rabbit antibody (1:10000) for
Gastrotropin andβ-Αςτινιν (1:1000 dilution) (Cell Signaling, Danvers, MA, USA) and ECL Plus detection
reagents (GE Biosciences, Piscataway, NJ, USA). The relative Gastrotropin andβ-Αςτινιν band densities

3
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were determined by densitometrical analysis using the Image Studio Lite software from LI-COR Corporate
Offices-US (Lincoln, Nebraska USA). In each case, density values of bands were corrected by subtraction of
the background values. The results were expressed as the ratio of Gastrotropin to β-Actinin . For Western
blotting data, the software GraphPad Prism (version 7.0 for Windows, La Jolla, CA, USA) was used. Data
were analyzed by Kolmogorov–Smirnov test for data homogeneity and Mann-Whitney Test with p = 0.0037.

RESULTS

Proteomic analysis

In the proteomic analysis of the ileum, a total of 129 proteins with different expression were identified. The
number of up- and down-regulated proteins identified in the 10 mgF/L group compared to the control group
(0 mgF/L) was 15 and 114, respectively (Table 1). Among the up-regulated proteins, Actins , Gastrotropin
and several H2B histones were found. Conversely, among the down-regulated proteins, were H2A , H3 and
H4histones, in addition to enzymes involved in energy metabolism, such asAlpha-enolase, Malate dehydro-
genase, Pyruvate Kinase PKM, Aldehyde dehydrogenase , as well as several antioxidant enzymes, including
isoforms of Glutathione-S-Transferase and Peroxirredoxin(Table 1).

Table 1. Differently expressed proteins from the ileum of 20-week-old female NOD mice, treated for 14
weeks with water containing 10 mg/L fluoride (as NaF) or not (control).

aAccess Number Protein name PLGS score

bRatio 10 mgF/L vs
control

P51162 Gastrotropin 847 2.20
P70696 Histone H2B type 1-A 507 1.70
Q64524 Histone H2B type 2-E 3535 1.68
Q9D2U9 Histone H2B type 3-A 3535 1.68
Q8CGP0 Histone H2B type 3-B 3535 1.67
Q8CGP1 Histone H2B type 1-K 3856 1.58
Q64525 Histone H2B type 2-B 3856 1.58
Q64475 Histone H2B type 1-B 3856 1.57
P10853 Histone H2B type

1-F/J/L
3856 1.57

P10854 Histone H2B type 1-M 3856 1.57
Q8CGP2 Histone H2B type 1-P 3856 1.57
Q6ZWY9 Histone H2B type

1-C/E/G
3856 1.55

Q64478 Histone H2B type 1-H 3856 1.55
P63260 Actin cytoplasmic 2 5000 1.15
P60710 Actin cytoplasmic 1 5000 1.14
P68134 Actin alpha skeletal

muscle
4953 0.83

Q9CWF2 Tubulin beta-2B chain 365 0.82
P68372 Tubulin beta-4B chain 316 0.82
Q7TMM9 Tubulin beta-2A chain 365 0.81
P99024 Tubulin beta-5 chain 365 0.81
P01942 Hemoglobin subunit

alpha
633 0.80

P07724 Albumin 723 0.80
Q9D6F9 Tubulin beta-4A chain 243 0.79
Q60605 Myosin light

polypeptide 6
1816 0.79

P35700 Peroxiredoxin-1 264 0.76

4
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aAccess Number Protein name PLGS score

bRatio 10 mgF/L vs
control

Q03265 ATP synthase subunit
alpha mitochondrial

237 0.75

P63268 Actin gamma-enteric
smooth muscle

6388 0.73

P31001 Desmin 215 0.73
P63101 14-3-3 protein

zeta/delta
257 0.72

P11499 Heat shock protein
HSP 90-beta

1693 0.72

P06151 L-lactate
dehydrogenase A chain

115 0.71

Q8K419 Galectin-4 96 0.70
P68368 Tubulin alpha-4A chain 276 0.70
P00405 Cytochrome c oxidase

subunit 2
163 0.70

P18760 Cofilin-1 301 0.70
Q9JJZ2 Tubulin alpha-8 chain 137 0.70
P08249 Malate

dehydrogenase -
mitochondrial

210 0.69

Q9CZS1 Aldehyde
dehydrogenase
X mitochondrial

261 0.68

Q9CQ19 Myosin regulatory light
polypeptide 9

1263 0.68

O08638 Myosin-11 629 0.68
P17182 Alpha-enolase 178 0.68
P68373 Tubulin alpha-1C chain 229 0.68
Q3THE2 Myosin regulatory light

chain 12B
946 0.67

P68369 Tubulin alpha-1A chain 281 0.67
P68033 Actin alpha cardiac

muscle 1
6497 0.66

Q64433 10 kDa heat shock
protein mitochondrial

233 0.66

Q6URW6 Myosin-14 97 0.65
P62962 Profilin-1 364 0.65
P05213 Tubulin alpha-1B chain 317 0.65
Q8CGP5 Histone H2A type 1-F 9599 0.64
P05214 Tubulin alpha-3 chain 240 0.64
P08113 Endoplasmin 760 0.64
Q8VDD5 Myosin-9 163 0.63
P62737 Actin aortic smooth

muscle
6479 0.63

Q8K0C5 Zymogen granule
membrane protein 16

1227 0.62

Q8CI43 Myosin light chain 6B 94 0.61
Q8R1M2 Histone H2A.J 9599 0.61

5
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aAccess Number Protein name PLGS score

bRatio 10 mgF/L vs
control

P17742 Peptidyl-prolyl
cis-trans isomerase A

116 0.61

Q9R100 Cadherin-17 489 0.58
C0HKE5 Histone H2A type 1-G 9599 0.58
C0HKE8 Histone H2A type 1-O 9599 0.58
P62806 Histone H4 3749 0.58
Q9EPB4 Apoptosis-associated

speck-like protein
containing a CARD

687 0.57

Q8BG05 Heterogeneous nuclear
ribonucleoprotein A3

306 0.57

C0HKE2 Histone H2A type 1-C 9599 0.57
Q6GSS7 Histone H2A type 2-A 9599 0.57
Q9D1A2 Cytosolic non-specific

dipeptidase
1074 0.56

Q64523 Histone H2A type 2-C 9599 0.56
Q8BFU2 Histone H2A type 3 9599 0.56
P58252 Elongation factor 2 690 0.55
C0HKE3 Histone H2A type 1-D 9599 0.55
C0HKE7 Histone H2A type 1-N 9599 0.55
P52480 Pyruvate kinase PKM 89 0.55
Q8QZR3 Pyrethroid hydrolase

Ces2a
773 0.55

C0HKE6 Histone H2A type 1-I 9599 0.55
Q61879 Myosin-10 79 0.54
C0HKE9 Histone H2A type 1-P 9599 0.54
O88569 Heterogeneous nuclear

ribonucleoproteins
A2/B1

206 0.53

Q6P8J7 Creatine kinase
S-type mitochondrial

50 0.53

C0HKE1 Histone H2A type 1-B 9599 0.53
P14152 Malate

dehydrogenase -
cytoplasmic

130 0.53

Q04447 Creatine kinase B-type 95 0.53
Q8CGP6 Histone H2A type 1-H 9599 0.53
Q61696 Heat shock 70 kDa

protein 1A
83 0.52

Q8CGP7 Histone H2A type 1-K 9599 0.52
P00329 Alcohol dehydrogenase

1
1018 0.51

P29758 Ornithine
aminotransferase -
mitochondrial

81 0.51

P17879 Heat shock 70 kDa
protein 1B

83 0.50

C0HKE4 Histone H2A type
1-E

9599 0.50

6
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aAccess Number Protein name PLGS score

bRatio 10 mgF/L vs
control

P68040 Receptor of
activated protein C
kinase 1

713 0.49

Q6PIE5 Sodium/potassium-
transporting
ATPase subunit
alpha-2

45 0.48

P10630 Eukaryotic initiation
factor 4A-II

492 0.48

P16125 L-lactate
dehydrogenase B
chain

30 0.47

Q3THW5 Histone H2A.V 515 0.47
P37804 Transgelin 531 0.47
P24549 Retinal

dehydrogenase 1
538 0.46

P84228 Histone H3.2 309 0.46
P02301 Histone H3.3C 309 0.46
Q9R0P5 Destrin 565 0.46
P27661 Histone H2AX 515 0.46
Q9D312 Keratin type I

cytoskeletal 20
857 0.46

Q6PIC6 Sodium/potassium-
transporting
ATPase subunit
alpha-3

45 0.45

P63038 60 kDa heat shock
protein -
mitochondrial

515 0.44

P68433 Histone H3.1 309 0.44
P0C0S6 Histone H2A.Z 515 0.44
Q64522 Histone H2A type

2-B
457 0.44

P14094 Sodium/potassium-
transporting
ATPase subunit
beta-1

1012 0.44

P84244 Histone H3.3 309 0.44
Q8C196 Carbamoyl-

phosphate synthase
[ammonia] -
mitochondrial

391 0.44

P46425 Glutathione
S-transferase P 2

1244 0.44

P00342 L-lactate
dehydrogenase C
chain

30 0.43

P60843 Eukaryotic initiation
factor 4A-I

612 0.43

7
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aAccess Number Protein name PLGS score

bRatio 10 mgF/L vs
control

P19157 Glutathione
S-transferase P 1

1454 0.42

P23492 Purine nucleoside
phosphorylase

739 0.41

Q8BK48 Pyrethroid
hydrolase Ces2e

1503 0.41

P38647 Stress-70 protein -
mitochondrial

371 0.41

Q9JLJ2 4-
trimethylaminobutyraldehyde
dehydrogenase

151 0.40

P55050 Fatty acid-binding
protein intestinal

1588 0.37

Q9CZU6 Citrate synthase -
mitochondrial

906 0.36

Q8BWT1 3-ketoacyl-CoA
thiolase -
mitochondrial

335 0.36

O08601 Microsomal
triglyceride transfer
protein large
subunit

938 0.36

Q8VDN2 Sodium/potassium-
transporting
ATPase subunit
alpha-1

80 0.36

O08709 Peroxiredoxin-6 1498 0.36
P30275 Creatine kinase U-

type mitochondrial
106 0.34

Q9CZ13 Cytochrome b-c1
complex subunit
1 mitochondrial

289 0.34

P31786 Acyl-CoA-binding
protein

2152 0.33

Q3V0K9 Plastin-1 844 0.32
Q9CPY7 Cytosol

aminopeptidase
184 0.30

Q08652 Retinol-binding
protein 2

773 0.16

a Identification is based on the protein ID obtained from the UniProt database; only reviewed proteins
(http://www.uniprot.org/).

b Proteins with significantly altered expression are arranged according to ratio.

Proteins and bolds have a ratio [?] 2

The biological processes most affected by F treatment in terms of functional classification were Chromatin
Remodeling (20%), Cytoskeleton Structural Constituent (16%), Actin filament-based movements (11%),
Peroxidase activity (6 %) and Retinoid metabolic process (6%) (Figure 1).
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Figure 1 . Functional distribution of proteins identified with differential expression in the ileum of NOD
female mice treated with water containing 10 mgF/L or 0 mgF/L (control). Protein categories are based on
Gene Ontology (GO) “Biological Process” annotation. Significance of terms (Kappa=0.04) and distribution
according to the percentage of the number of genes. The protein accession number was provided by UniProt.
GO was evaluated according to ClueGo plugin and Cytoscape 3.7.2 software

In the network generated by ClusterMarker2, when comparing the expression of altered proteins in the
treated group (10 mgF/L) in relation to the control group (0 mgF/L), it was possible to observe many
proteins interacting with High mobility group protein HMGI-C (P52927), Actin cytoplasmic 2 (P63260),
Actin alpha skeletal muscle (P68134) and Microsomal triglyceride transfer protein large subunit (O08601)
(Figure 2).

Figure 2. Ileum subnetwork generated by ClusterMarker for comparison 10 mgF/L vs. 10 mgF/L. Control
(0 mgF/L). The color of the node indicates the differential expression of the protein with its access code
obtained from the UniProt protein database (http://uniprot.org/). Light green and light red nodes indicate
upregulated and downregulated proteins, respectively, in the 10 mgF/L group, compared to the control
group. The gray nodes represent interacting proteins that are offered by Cytoscape, but that were not
identified in the present study.
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Western Blotting

Western blotting confirmed that Gastrotropin was significantly increased upon exposure F, as revealed by
proteomic analysis (Figure 3).

Figure 3- Representative expression of proteinsGastrotropin and constitutive β-Actinin in samples of in-
dividual animals (n = 6) from each group. Densitometric analysis was performed for 6 animals per group.
Densitometry was analyzed using the software Image Studio Lite. Bars indicate SD. n = 6

DISCUSSION

The results of plasma F concentration, glucose and plasma insulin are reported in a previous publication
(Trevizol et al. 2020). Low-dose F exposure significantly elevated plasma F levels, lowered blood glucose by
20%, and did not impact insulinemia. These data are extremely relevant from a public health point of view,
since water fluoridation, a worldwide recognized measure for the prevention of dental caries (Buzalaf 2018),
could also aid in controlling hyperglycemia. However, the potential mechanisms underlying the effects of F
on glycemic are yet to be elucidated. A feasible explanation could be the well-documented effects of F in
diminishing energy metabolism (Araujo et al. 2019; Dionizio et al. 2021; Dionizio et al. 2018b; Khan et al.
2018; Malvezzi et al. 2019; Trevizol et al. 2020; Trevizol et al. 2023). Exposure to F has been linked to
changes in enzymes involved in energy metabolism and the antioxidant system, as observed in the liver of
NOD mice (Malvezzi et al. 2019; Trevizol et al. 2020) and various intestinal segments of rats (Dionizio et
al. 2021; Dionizio et al. 2018b; Melo et al. 2017).

In the current study, we generally noted a reduction in several enzymes involved in energy metabolism, such
as Alpha-enolase, Malate dehydrogenase, Pyruvate Kinase PKM, Aldehyde dehydrogenase, observed both in
the duodenum (unpublished data) and in the ileum of F-treated mice. A decrease in glycolytic enzymes
following exposure to low doses of F has been similarly documented in other studies with rats (Araujo et
al. 2019) and NOD mice (Malvezzi et al. 2019; Trevizol et al. 2020). Additionally, there was also a
reduction in proteins related to lipid metabolism, such as Fatty acid-binding proteins, which play a role in
intracellular lipid transport (Consortium 2023). Among these proteins is Gastrotropin , also known asFatty
acid-binding protein 6 , an important transport protein involved in the enterohepatic circulation of bile salts.
Predominantly expressed in the ileum, it participates in the absorption of vitamin B12 and binds to bile
acids, crucial for the effective digestion and absorption of dietary fats (Davis and Attie 2008; Grober et al.
1999; Iiizumi et al. 2007; Landrier et al. 2006; Marvin-Guy et al. 2005; Thompson et al. 2017).
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In this study, Gastrotropin levels increased in the ileum of NOD mice after F treatment, contrasting with
findings in the ileum of rats treated with a similar concentration of F in the drinking water, where this
protein was reduced (Dionizio et al. 2021). However, in the study by Dionizio et al. (2021), the mice were
not diabetic, which might explain the different expression patterns observed. Modifications in receptors and
proteins related to bile acids (BAs) may be crucial in regulating BAs, lipids, and glucose homeostasis, as
well as managing inflammatory responses, barrier function, and preventing bacterial translocation in the
intestinal tract (Ding et al. 2015; Gillard et al. 2022). Furthermore, other FABP family proteins such
as FABP1 and FAPB2, are often associated with type 2 diabetes pathology, where alterations can lead to
changes in lipid metabolism and disruptions in proteins related to fatty acids, lipid transport and intestinal
absorption (Sianipar et al. 2022; Tsai et al. 2020).

It is recognized that genes involved in antioxidant defense are less expressed in spontaneously diabetic
lymphopenic rats (BB rats), a factor implicated implicated in β-cell damage and the development of diabetes
in these animals (Bogdani et al. 2013). In our study, we noted a reduction in peroxirredoxin and isoforms
ofGlutathione S-transferase in the ileum. In the liver of NOD mice treated with low doses of F, these enzymes
were also diminished (Malvezzi et al. 2019; Trevizol et al. 2020). The observed increase in these antioxidant
enzymes in the current study indicated a potential counterregulatory mechanism of detoxification in the
ileum of NOD mice.

Environmental factors can cause epigenetic changes that regulate gene expression and influence immune
cell function. Epigenetics provides multiple molecular mechanisms to elucidate the environmental effects
implicated in the development of autoimmune diabetes. The three primary epigenetic modifications aree
DNA methylation, histone modification, and microRNA alteration (Xie et al. 2014). In the ileum, we
noted significant changes in histone expression, histone-modifying proteins, and numerous other proteins in-
volved in transcription and translation, such as ribonucleoproteins. This epigenetic influence of F on histone
modification was similarly observed in the islets of female NOD mice (Trevizol et al. 2023). Additionally,
dysregulation in histone acetylation, governed by histone deacetylases (HDACs) and histone acetyltrans-
ferases (HATs), is implicated in diabetes pathogenesis (Gray and De Meyts 2005). Histone acetylation has
been demonstrated to preserve insulin secretion under cytokine insult and prevent NF-κB-induced apoptosis
in β-cell lines and islets from newborn mice (Larsen et al. 2007). In our previous study (Trevizol et al. 2023),
we observed an increase in inflammatory infiltrate in the group exposed to 10 mgF/L in their drinking water.
Additionally, proteomic analysis of the islets revealed substantial increases in histones H3.1 and H3.2 (about
100-fold), as well as in histone H4 (more than 60-fold), alongside a 6-fold rise in histone acetyltransferase
KAT6B and histone acetyltransferase KAT8, exclusively found with F treatment. The proportion of histone
H3 acetylation was also assessed, showing more than a 2-fold increase in the F-exposed group compared to
the control, though the difference was not significant. The acetylation of H3K14 was analyzed as it is a
target of KAT6B and KAT8.

During histone acetylation, an acetyl functional group is transferred from acetyl Co-A to the histone (Gruber
et al. 2019). In the current study, Krebs’ cycle enzymes, like malate dehydrogenase and citrate synthase,
were diminished in the ileum. These observations suggest a decrease in Krebs’ cycle flow, potentially reduc-
ing acetyl Co-A levels. Furthermore, the reduction of enzymes in the glycolytic pathway, also noted in our
findings, contributes to the lowered acetyl Co-A levels (Wellen et al. 2009). Therefore, the substantial alter-
ations in the expression of histones, histone-modifying proteins and various proteins involved in transcription
and translation may represent effort to sustain translation amidst reduced acetyl Co-A availability.

We consider these findings particularly intriguing, as recent research has shown F-induced hypermethylation
in crucial genes linked to various toxicity effects (Ma et al. 2020; Meng et al. 2021). Indeed, the concept of
F-induced epigenetic changes has only recently emerged in scientific literature and warrants further investi-
gation. In summary, our data indicate an adaptive response of the organism to preserve protein synthesis in
the ileum, despite significant alterations in energy metabolism typically induced by F, therefore highlighting
the safety of controlled fluoridation in water supplies.

Significance Statement
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The consumption of low doses of fluoride in the drinking water may increase insulin sensitivity or reduce
blood glucose levels. However, the exact mechanisms by which fluoride influences glucose homeostasis remain
unclear. Considering that the small gut is central to glucose homeostasis, here we investigated the proteomic
changes induced by low doses of fluoride (similar to those added to the drinking water) in the ileum of non-
obese-diabetic mice. We found an increase in gastrotropin, histones and antioxidant enzymes, and decrease
in enzymes involved in energy metabolism. These results indicate an adaptive response of the organism
to preserve protein synthesis in the ileum, despite significant alterations in energy metabolism, therefore
highlighting the safety of controlled fluoridation of water supplies.
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