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Abstract

Lactic acid bacteria play an important role in the human and animal defense against liver damage. However, the
potential mechanism of Lactobacillus casei (L.casei) on hepatic injury remains unclear. The objective of the present
investigation was to assess the possible effect of L.casei against sodium fluoride (NaF) induced- hepatic injury in rats. Rats
were allocated into three groups; first group received only distilled water thought the experiment. Second group received
orally NaF (10mg/kg) for 4 weeks. Third group received NaF (10mg/kg; p.o) concurrently with L.casei (10°CFU/kg.b.w.; p.o)
for 4 weeks. Our study revealed that exposure to NaF increased the values of serum hepatic enzymes with increased levels of
lactate dehydrgenase (LDH), nitric oxide (NO) and total bilirubin levels. In addition, NaF intoxication was associated with a
reduction in the activities of glutathione (GSH) and an increment in malonaldheyde (MDA) in hepatic tissues. Moreover, a
significant increment in the release of NF-kf and caspase-3 with disturbed histopathological and ultrastructural architecture of
liver cells of rats intoxicated with NaF. Conversely, L.casei supplementation (10°CFU/kg.b.w.; p.0) could prevent NaF-
induced hepatotoxicity, most likely as a result of possessing high antioxidant properties and anti-inflammatory activities. In
conclusion, based on our findings, L.casei is effective treatment in hepatic injury and daily administration of L.casei is

recommended to mitigate the deleterious effects of F-containing compounds.

Keywords: Hepatic injury, Sodium Fluoride, Lactobacillus casei, NF-xB, Apoptosis.

1- Introduction water is considered the most important source of F

Fluoride anions (F) are one of the classes of
xenobiotics that are environmentally distributed and
widely used in industrial, agricultural and medical
applications [1, 2]. Normally, F anions are
considered the main constituent of bones, teeth, soft
tissues and body fluids [3]. Water sources are
chemically fluoridated in some areas, therefore,

anions [4]. Sodium fluoride (NaF) is an in-organic
chemical compound usually utilized in diverse
applications such as wood preservations and
insecticide formulations [5]. Therapeutically, F
anions, especially in small doses, have a significant
protective role in preventing osteoporosis and dental
caries [6].
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However, the excessive exposures induce
pathological alterations mainly in the liver and
consequently affecting its function leading to hepatic
impairment [7].

Reactive oxygen species (ROS) has been
considered the main contributor in fluoride toxicity [8].
Where, NaF anions could triggers respiratory burst and
potentiate the release of ROS that drastically interfere with
the normal functions of the cells via altering the
permeability and structure of cell membranes [9]. It was
revealed by many investigators that an increase in the
production of ROS has been observed in animals exposed
to NaF toxicity [10]. Moreover, NaF affects the activity of
cellular antioxidant enzymes leading to impaired
mitochondrial functions, decreased antioxidant capacity
and potentiate the oxidative damage to lipids, proteins and
DNA of the cellular tissue [11].

Aside from oxidative stress imbalance, ROS
produced by NaF toxicity are responsible for initiating the
inflammatory cascade, that leads to release of numerous
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and interleukin (il-6) due to activation of
nuclear factor kappa beta (NF-xf) [12, 13]. Finally,
synergism between free radicals and cytokines occurs to
enhance the synthesis of inflammatory mediators.
However, NO has been shown to react with superoxide
anion, resulting in the formation of peroxynitrite, an
oxidative agent capable of causing tissue damage [14].
Oxidative stress could triggers apoptosis as a result of the
noxious effects of ROS on inflamed tissue [15].
Therapeutic approaches that modulate the aforementioned
signals may hold promise for treating a variety of
pathological conditions.

Lactobacillus casei (L. casei) is recognized as a
probiotic and is frequently used as a dietary supplement for
their outstanding health benefits [16]. L. casei has sparked

interest in research due to its potential immunoregulatory
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effect, which has been linked to increased resistance to
diverse bacterial and viral infections. [17, 18].
Nevertheless, little literature discussing the roles of L.
casei on hepatic toxicity. Consequently, the goal of the
current study was to determine the role of L. casei against
NaF induced- hepatic injury, via studying (i) the changes
in serum hepatic indices, antioxidant status and
inflammatory response in rats intoxicated with NaF. (ii)
The mechanism of L. casei in modulating the deleterious
effects of NaF in the liver. (iii) Studying the
histopathological and ultrastructural findings in the liver of
rats intoxicated with to NaF.

2. Materials and methods
2.1. Bacterial suspension (L.casei) and chemicals
L. casei DSM 20011 was prepared by growing the strain in
a volumetric flask with 100 ml of milk before being
incubated anaerobically for 48 hours at 37 °C. Then 1 ml
of the bacterial suspension was added to 9 ml of De Man,
Rogosa and Sharpe (MRS) broth then the mixture was
incubated anaerobically at 37 °C/24hrs to produce 1 x 10°
CFU per ml. For rats, 1 ml/day of L. casei DSM 20011
suspension was the recommended daily dose [19]. NaF
was purchased from Sigma-Aldrich Co (USA). All Kits
were purchased from Biodiagnostic Co. (Egypt) and
Sunlong Biotech Co. (China)
2.2. Animals

Eighteen adult male Wistar albino rats weighting
150 - 170 gm were housed in separated metal cages at the
animal house, October 6 University, Giza, Egypt. Rats
were housed in a well-ventilated room under ambient
laboratory conditions (22+1°C temperature, 45-55%
relative humidity) with a 12-hour light/12-hour dark cycle.
Water and food were freely available. Under approval
number (RECO6U/9-2022), our study was carried out in
accordance with the ethical standards documented by the
Research Ethics Committee, Faculty of Dentistry, October

6 University, Giza, Egypt.
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2.3. Experimental design

Animals were divided into three groups; each
contains six rats. Group 1: rats administered only normal
drinking water. Group 2: rats intoxicated daily with doses
of NaF (10 mg/kg, p.o.) for 4 weeks [20]. Group 3: rats
received NaF (10 mg/kg, p.o.) concurrently with L. casei
(10°CFU/kg.b.w.; p.o) for 4 weeks [18]. 24 hrs after the
last dose of NaF and L. casei, blood samples were
collected from the retro-orbital venous plexus of all rats
and placed in non-heparinized tubes. Serum was collected
by centrifugation at 4000 rpm for 15 minutes and stored at
-20 °C until analysis.

After sacrificing of rats by cervical dislocation,
liver was excised immediately from each rat and reserved
at - 80 °C for biochemical analysis. Another portion of
tissues were kept in fixatives for histopathology, immune-

histochemical and ultrastructural evaluation.

2.4. Evaluation of serum hepatic function values
Serum levels of AST, ALT and ALP were
measured colorimetrically at 520 nm [21] [22]. LDH
values were estimated at 340 nm [23]. Total bilirubin was
quantified and measured at 535 nm [24].
2.5. Determination of hepatic GSH and MDA levels
Levels of GSH in hepatic homogenate [25] were
assessed via estimating the absorbance at 405 nm [26]. In
addition, estimation of MDA values at 534 nm [27].

2.6. Determination of hepatic NO levels

Through the Griess reaction, which involves
reducing nitrate to nitrite, the concentration of nitric
oxide (NO) in the liver homogenate was determined.
This concentration was then determined
spectrophotometrically at 540 nm [28].

2.7. Determination of hepatic TNF-a and IL-6 levels
Hepatic results of TNF-o and IL-6 were assessed

using the rat TNF-a ELISA kit (Sunlong Biotech Co.,
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Catalog no. SL0722Ra, CHINA) and il-6 ELISA Kit
(Sunlong Biotech Co., Catalog no. SL0411Ra, CHINA).
The optical density (OD) for the concentration TNF-o and
il-6 were measured spectrophotometrically at a wavelength
of 450 nm [29].

2.8. RT-PCR for NF-kB analysis
Total RNA was isolated from liver specimens,

according to the manufacturer's recommendations for
evaluation of of NF-kB. Results were expressed against,
beta actin [30]. The sequence of the primer sequence was:

Forward 5 -GCG CAT CCA GAC CAA CAA TAA
C-3_

Reverse 5 -GCC GAA GCT GCATGG ACACT-3_

2.9. Histopathology picture and immunohistochemical
analysis of caspase -3 in liver specimens

Liver samples were taken from each experimental
group and fixed in 10% formalin for 48-72 h. The
specimens then washed, dehydrated, and finally embedded
in paraffin wax. Sections were taken using slide microtome
(4-5p  thickness), deparaffinized, and stained with
hematoxylin and eosin. [31].

Immunohistochemical analysis was performed in
liver specimens using caspase 3 antibody, where liver
sections were stained with rabbit-anti-cleaved caspase-3
antibodies (Catalog no. 9661, Cell Signaling Technology,
USA) [32].

2.10. Electron microscopic examination of liver tissue

In each experimental group's liver samples were
taken, and instantly fixed in 2.5 % glutaraldehydes for 4
hrs. After washing with phosphate buffer (pH 7.4),
samples was post-fixed in 1% buffered osmium tetroxide.
Tissues then dehydrated in a graduated series of alcohol,
treated with propylene oxide and finally embedded in
epoxy resin (Epon 812; Fluka Chemie, Switzerland).
Polymerization were done in propylene oxide capsules at
60°C for 24 hrs. Ultra-sections were cut (60-70 nm),
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stained with lead citrate and uranyl acetate. [33].Sections
were observed under transmission electron microscope
(TEM) JEOL-JEM 2100 TEM operated at 80 KV. at
Electron Microscopy Unit, Mansoura University (Egypt)

3. Statistical analysis

All measurable comparisons were done by using
GraphPad Prism program v. 8.0 (GraphPad Software, Inc.,
CA, USA). One-way analysis of variance (ANOVA),
followed by Tukey's multiple comparison test was the
choice for our statistical analysis to document the
significance (p value is < 0.05). Results are expressed as
mean £ SEM (six rats).

4.  Results
4.1, Effect of L. casei on AST, ALT and ALP levels
in rats intoxicated with NaF

Rats received orally NaF (10 mg/kg) for 4 weeks

showed a marked elevation in serum hepatic indices
(AST, ALT, and ALP) nearly 3 folds, 2.5 folds and
175% of the normal value, respectively. L. casei
supplementation (10°CFU/kg.b.w.; p.o) to intoxicated
rats with NaF for 4 weeks could restore the
aforementioned parameters to the normal values
(figure.l.).

4.2. Effect of L. casei on LDH and total bilirubin
levels in rats intoxicated with NaF

Hepatic injury induced by NaF (10 mg/kg) orally

for 4 weeks showed a significant increment in LDH
and total bilirubin levels nearly 151% and 4.5 folds of
the normal value, respectively. L. casei
supplementation (10°CFU/kg.b.w.; p.o) to intoxicated
rats with NaF for 4 weeks could normalize the levels
of LDH and decrease the levels of total bilirubin about
of 2 folds the normal values (figure.2.).

4.3. Effect of L. casei on GSH and MDA levels in

rats intoxicated with NaF
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Orally administered NaF (10 mg/kg) rats for 4
weeks resulted in an increase of hepatic MDA values
that were nearly 4.5 times higher than normal and a
drop in hepatic GSH activity that was almost 28%
lower than normal. The hepatic values of MDA in
intoxicated rats treated with L. casei (10°CFU/kg.b.w.)
orally for 14 days decreased to around 2 folds of the
normal value, while the level of GSH activity
increased to 72% of the normal values (figure.3.).

4.4. Effect of L. casei on NO levels in rats
intoxicated with NaF

Figure.4. documented an increase in hepatic NO
levels of about 144% of the normal value was seen
after administration of NaF orally at a dose of (10
mg/kg) for four weeks. On the other hand, a 14-day
oral L. casei (10°CFU/kg.b.w.) treatment reduced
hepatic NO levels to roughly 113% of normal levels.
4.5. Effect of L. casei on hepatic NF-kB levels in
rats intoxicated with NaF

Figure.5. revealed that intoxicated rats received
NaF (10 mg/kg) orally for four weeks revealed an
increase in hepatic NF-«xB levels reaching 5 folds of
the normal value. On the other hand, oral treatment
with L. casei (10°CFU/kg.b.w.) for 14 days showed a
reduction in hepatic values of hepatic NF-xB levels
reaching about nearly 161% folds of the normal value.
4.6. Effect of L. casei on TNF-a levels and IL-6
levels in rats intoxicated with NaF

Figure.6. revealed that intoxicated rats given NaF
(10 mg/kg) for four weeks showed an increase in
hepatic results of TNF-o and IL-6 that were
approximately 5 and 3 folds over normal, respectively.
However, after 14 days of oral administration of L.
casei (10° CFU/kg.b.w.), the values of TNF-a and IL-
6 in the liver dropped to approximately 2 folds and
178% of normal levels, respectively.
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Figure.l. Effect of L. casei on AST, ALT and ALP levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF induced -
hepatic injury with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks. 24 hours after the last doses of NaF and L.casei, AST, ALT and
ALP levels were estimated. Results are expressed as mean +SEM (n=6). *Significant difference from normal control group p <
0.05. @ Significant difference from NaF intoxicated group.

Egypt. J. Chem. 66, No. 9 (2023)
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Figure.2. Effect of L. casei on LDH and total bilirubin levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF induced -
hepatic injury with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks. After 24 hours, the last doses of NaF and L.casei, LDH and total
bilirubin levels were estimated. Results are expressed as mean £SEM (n=6). *Significant difference from normal control group
p < 0.05. @ Significant difference from NaF intoxicated group.
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Figure.3. Effect of L. casei on hepatic GSH and MDA levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF
induced - hepatic injury with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks. 24 hours after the last doses of NaF and L.casei,
hepatic levels of GSH and MDA were estimated. Results are expressed as mean +SEM (n=6). *Significant difference from
normal control group p < 0.05. @ Significant difference from NaF intoxicated group.

Egypt. J. Chem. 66 No. 9. (2023)
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Figure.4. Effect of L. casei on hepatic NO levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF induced -
hepatic injury with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks. 24 hours after the last doses of NaF and L.casei, hepatic NO
levels were estimated. Results are expressed as mean £SEM (n=6). *Significant difference from normal control group p < 0.05.

@ Significant difference from NaF intoxicated group.

0.8 *
= —
Q
S
. 0.6
S
)
= 0.44
©
[ ‘@
m 0.24
¥ —
LL
pza
0.0 %ﬁ
Q Q
\OQQ \oo «00
\© 3> 5O
(d \l_Q gQ’
& S S
O <
< Q x\/
NS <
& >
%ﬁ %

Figure.5. Effect of L. casei on hepatic NF-kB levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF intoxicated rats
with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks. 24 hours after the last doses of NaF and L.casei, hepatic NF-xB levels was
estimated. Results are expressed as mean +SEM (n=6). *Significant difference from normal control group p < 0.05. @

Significant difference from NaF intoxicated group.

Egypt. J. Chem. 66, No. 9 (2023)
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Figure.6. Effect of L. casei on hepatic TNF-a levels and IL-6 levels in rats intoxicated with NAF

Hepatic injury was induced by daily administration of (NaF; 10mg/kg; p.o.) for 4 weeks. Oral treatment of NaF intoxicated rats
with L.casei (10°CFU/kg.b.w.; p.o) for 4 weeks elevate the levels of TNF-o. and IL-6 . 24 hours after the last doses of NaF and
L.casei, Hepatic TNF-a levels and IL-6 levels were estimated. Results are expressed as mean +SEM (n=6). *Significant

difference from normal control group p < 0.05. @ Significant difference from NaF intoxicated group.

Egypt. J. Chem. 66 No. 9. (2023)
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Figure.7. Photomicrograph of liver sections stained with H&E represents the different studied group; (Al, A2)
showing normal organization of hepatic parenchyma with radially arranged hepatic lobules around central veins
(CV), normal sinusoids (S) in control group, high magnification X: 400. (B1, B2) NaF group showing loss of normal
hepatic cord architecture with narrowed or occluded sinusoids (S) with congested central veins (CV), intracellular
vacuolization of hepatocytes (*) and marked hepatic necrosis and a pyknotic nuclei (white arrow) infiltrated with
inflammatory cells (yellow arrow), High magnification X: 400. (C1, C2) NaF group + L. casei showing Improvement
in morphology of histological structure of the hepatic lobules, naturally hepatocyte arrangements (head arrow) with
approximately normal blood sinusoids (S). Mild to moderate microvacuolated hepatocytes (*) and plasma cells with
few neutrophils individualized necrotic cells (white arrow) was also shown high magnification X: 400.
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Normal group NaF (10 mg/kg) group NaF+ L. casei group

Figure.8. Photomicrograph of liver sections stained caspase-3 immunostaining represents the different
studied group. (A): liver section from control rat showing the normal distribution of caspase-3 in the
cytoplasm of hepatocytes (black arrow) (caspase-3 immunostaining, x400).

(B): liver section from NaF intoxicated group rat showing increase in caspase-3 distribution in the hepatic
condensed chromatin of the nuclei which showing strong positive immunoreaction (yellow arrow) (caspase-3
immunostaining, x400). (C): liver section from NaF + L. casei group administered rat showing nearly normal

distribution of caspase-3 in hepatic tissue (caspase-3 immunostaining, x400).

Egypt. J. Chem. 66 No. 9. (2023)
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Normal group NaF (1

mg/Kg) group NaF + L. casei group

Figure.9. Electron micrograph of liver sections in different studied group; (Al, A2) showing typical hepatocyte with normal
nucleus, nucleolus (nu) and nuclear membrane and organized cytoplasm containing healthy mitochondria and arrays of
endoplasmic reticulum (ER). (B1, B2) NaF group showing irregular nuclear membrane, dense chromatin material and
pyknotic nucleus (P). Active Kupffer cell (K) in sinusoidal space. The cytoplasm appears vacuolated (arrow), disorganized
with dilated ER (D) (C1, C2) NaF + L. casei group showing mostly normal appearance of hepatocytes with minor changes.
The actively dividing binucleated cell are shown (*) indicating the regeneration of hepatic tissue.

Egypt. J. Chem. 66, No. 9 (2023)
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Figure.10. Diagram illustrating the effect of lactobacillus casei against sodium fluoride induced- hepatic injury in rats

4.7. Effect of L. casei on histopathological
alterations in rats intoxicated with NaF

Figure.7. revealed the histopathological picture in
different groups. Group 1 showed normal hepatic
architecture with normal distribution of hepatic
lobules around the central vein. NaF intoxicated group
revealed the loss of normal hepatic organization with
congested central vein and intracellular vacuolization
of hepatocytes. Hepatic tissue was also infiltrated with
inflammatory cells. In contrast, group two which
treated with L. casei showed an improvement in the
histological structure of the hepatic lobules with mild
to moderate microvacuolated hepatocytes.
4.8. Effect of L. casei on caspase-3 in rats
intoxicated with NaF
the immunohistochemical

Figure.8. revealed

analysis of caspase-3 in different groups. Normal

Egypt. J. Chem. 66 No. 9. (2023)

group showed normal distribution of caspase-3 in the
cytoplasm of hepatocytes. NaF group revealed huge
distribution of caspase-3 distribution in the hepatic
condensed chromatin of the nuclei which showing
strong positive immunoreaction. On the other hand, L.
casei treated group revealed a substantial decrease in
caspase-3 distribution.
4.9. Effect of L. casei on the ultra- structural
picture in rats intoxicated with NAF

Figure.9. revealed the ultra- structural picture of
hepatic tissue in different groups. The hepatic
parenchyma in the normal group had a normal
hepatocyte while, NaF group showed many alterations
represented by vacuolated cytoplasm, irregular nuclear
membrane, and dense chromatin material with
pyknotic nucleus. In contrast, L. casei group showed

mostly normal appearance of hepatocytes.
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5. Discussion

The liver serves as the primary organ for
metabolizing and eliminating of xenobiotics that
invades the organisms from the environment [34, 35].
The hepatotoxic action of xenobiotics is usually
evidenced by cellular respiration dysfunction that
interferes with the occurrence of oxidation and
reduction reactions [36]. Fluoride is a known
moderate pollutant that is non-biodegradable and
causes major health issues when it is present in high
concentrations [37]. Liver is the target organ of
sodium fluoride (NaF) toxicity [38]. The aim of our
study was to assess the therapeutic intervention of
L.casei against the hepatic injury associated with NaF
intoxication. Our findings reported that rats
intoxicated orally with NaF (10 mg/kg) for four
consecutive weeks showed a typical pattern of
hepatotoxicity, as evidenced by marked elevation in
the results of serum hepatic indices.

The increment in hepatic markers; AST, ALT,

ALP, LDH, and total bilirubin could be attributed to
the noxious effects of NaF leading to loss of
functional integrity and leakage in hepatic cell
membrane [39]. Our findings are matching with a
study reported that rats received NaF possess an
increment in the levels of serum hepatic indices [40].
Administration of L.Casei to rats intoxicated with
NaF could restore the normal values of AST, ALT,
ALP, LDH, and total bilirubin due to its role in
maintaining the structural integrity of hepatic cell
membrane and its was in line with [41].

The mechanism of NaF toxicity is far from being
fully understood, although it has been suggested that ROS
is the main crucial factor in the pathogenesis of NaF-
induced hepatic injury [42]. Our findings revealed that

NaF could acts as an inducer of lipid peroxidation (MDA)
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with reduced the enzymatic levels of GSH, due to the
ability of NaF to break hydrogen bonds in proteins, as well
as increasing the mitochondrial generation of ROS
resulting in oxidative stress, mitochondrial DNA damage
and eventually cell death. The histopathological
observations support the mentioned findings as the
intoxicated group showed marked hepatic necrosis and a
pyknotic nuclei in both light and TEM sections and it's in
agreement with [43].  Administration of L.casei to
intoxicated rats with NaF showed lower concentrations of
MDA and potentiate the production of GSH. The ability of
L. casei to inhibit the elevation in LPO may be the cause of
its antioxidative effects. This ability stabilizes cellular
membrane integrity and prevents or at least reduces
hepatic enzyme leakage as revealed by biochemical
analysis here and in previous literature [44]. This group
also showed the same improvement in TEM sections as the
hepatocyte appear almost normal.

Another goal of our research was to learn more
about how L.casei affects the generation of NO, another
significant ~ oxidative  stress  mediator.  Numerous
investigations have discovered that NO has a contradictory
function in tissues [45]. Our results showed intoxicated
rats with NaF possess significant increase in NO that
capable of reacting with superoxide to create peroxynitrite
and causing tissue damage and it is in agreement with [46].
Treatment of NaF intoxicated rats with L.casei in our study
results in a marked reduction in the generation of hepatic
NO and it's in line with [47].

In an attempt to elucidate the mechanism of
L.casei in ameliorating the inflammatory cascade
associated with NaF intoxication. Our study further
examined the role of NF-«B signaling pathway in the liver
of rats intoxicated with NaF. In the cytoplasm , NF-kB is
usually conjugated to an inhibitory protein I-xB, where
phosphorylation reaction occurs and leads to breakdown of

I-kB that results in translocation of NF-kB to the nucleus
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to activate the transcription of numerous genes of
inflammation [48]. Our results confirmed that NaF
intoxication resulted in increased the levels of NF-«xB.
Conversely, administration of L.casei could inhibit the
phosphorylation of I-kB leading to decreased expression
levels of NF-xB. Prior findings have revealed that
treatment with lactobacilli could inhibit the signaling of
NF-kB in lipoplysachharides model [49]. This study
reports for the first time that L.casei supplementation
reduces hepatic NF-xB activity in rats intoxicated with
NaF. Intoxication activates multiple pathways, including
up-regulation of NF-xB pathways and the production of
pro-inflammatory cytokines TNF-o and IL-6, in addition to
decreased antioxidant status and increased lipid
peroxidation. TNF-a controls NF-xB signaling, resulting in
the production of other cytokines responsible for involved
in adhesion, cell proliferation, and inflammation [50]. Our
findings reported a marked elevation in the hepatic
contents of TNF-a and IL-6 in rats intoxicated with NaF.
The results of the current investigation demonstrated that
L.casei treatment considerably reduced the levels of TNF-
and IL-6 in the liver of treated rats. Our findings are
matching with  a prior study where L. plantarum
administration could decrease the levels of TNF-a in rats
[51]. L.casei plays an important role in the downregulation
of TNF-a and il-6 expression, as shown by the correlation
between decreased NO levels and decreased TNF- and il-6
expression.

Previous studies have suggested that excessive F
intake can induce generation of ROS and subsequently
apoptosis [52, 53]. Caspases are present in cells as
inactive zymogens and undergo a series of catalytic
activation at the beginning of apoptosis [53]. Therefore,
the activity of caspase-3 could be checked to detect
apoptosis. Intoxicated rats with NaF showed an elevation
in caspase-3 and this confirms the conclusion that fluoride

induces apoptosis. Similar findings have been observed in
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Wistar rats intoxicated with NaF [54]. Fluoride-induced
apoptosis may be caused by enhanced lipid peroxidation,
oxidative stress, mitochondrial functional issues,
downstream pathway activation, and imbalanced signals,
according to the findings of previous study [55].
Administration of L.casei to intoxicated rats with NaF
could reduce the elevated levels of caspase-3, due to its
role in quenching the generation of ROS and restore the
levels of GSH in the hepatic tissue of NaF intoxicated rats.
Our findings are in line with prior study [56].

The present findings were supported by
histopathological examinations, which also offered crucial
support for the biochemical study. When examined under a
microscope, rats given NaF showed significant histological
alterations, such as rupturing of the hepatic cords, vascular
enlargement, and obstruction, Kupffer cell growth, and
inflammatory cell infiltration. The hepatocytes additionally
showed vacuolization, pyknosis, necrosis, and total lysis.
Similar histological alteration have been reported by many
investigators in liver of guinea pig intoxicated with NaF
[57] , rabbit [58] and rats [59]. The treatement with L.casei
could alleviate all these histopathological changes.

The ultrastructural changes of hepatic cells in the
NaF-treated group confirmed the light microscopic
findings of NaF toxicity, as shown in the current results.
Furthermore,  significant  morphological  features,
particularly structural membrane damage of mitochondria,
endoplasmic reticulum, nuclear, and plasma membranes,
were identified. This study's data confirmed the findings of
previous study [60].

Finally, oral administration of L. casei
(figure.10.) could ameliorate oxidative stress and
inflammation caused by NaF induced- hepatic injury in
rats. This was likely accomplished by lowering
peroxidation levels, inflammatory markers and/or boosting
the liver's enzymatic antioxidants' activity. Our research

suggests administration of L.casei on a daily basis to
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counteract the negative effects of fluoride-containing

compounds.

6.

7.

Conflict of Interest

The authors declare no conflicts of interest exist.

Author contributions

Ahmed A. Sedik performed the experiments and

was a major contributor in writing the manuscript. Ahmed

A. Sedik analyzed and interpreted the raw data. Soha A.

Hassan shared in histopathology and ultrastructural

studies. All authors read and approved the final
manuscript.
References
1. Dwivedi, N., S. Dwivedi, and C.O. Adetuniji,

Efficacy of microorganisms in the removal of
toxic materials from industrial effluents, in
Microbial Rejuvenation of Polluted Environment.
2021, Springer. p. 325-358.

Jha, S.K., et al., Fluoride in the environment and
its metabolism in humans. Reviews of
Environmental Contamination and Toxicology
Volume 211, 2011: p. 121-142.

Zhang, Z., et al., Maize purple plant pigment
protects against fluoride-induced oxidative
damage of liver and kidney in rats. International
journal of environmental research and public
health, 2014. 11(1): p. 1020-1033.

FLUORIDES, H.F., TOXICOLOGICAL
PROFILE FOR FLUORIDES, HYDROGEN
FLUORIDE, AND FLUORINE. 2003.

Lech, T., Fatal cases of acute suicidal sodium
and accidental zinc fluorosilicate poisoning.
Review of acute intoxications due to fluoride
compounds. Forensic science international, 2011.
206(1-3): p. e20-e24.

Aaseth, J., et al., Fluoride: a toxic or therapeutic
agent in the treatment of osteoporosis? The
Journal of Trace Elements in Experimental
Medicine: The Official Publication of the
International Society for Trace Element Research
in Humans, 2004. 17(2): p. 83-92.

Kolodziejczyk, L., A. Put, and P. Grzela, Liver
morphology and histochemistry in rats resulting
from ingestion of sodium selenite and sodium
fluoride. Fluoride, 2000. 33(1): p. 6-16.

Nabavi, S.M., et al., In vivo protective effects of
quercetin  against sodium  fluoride-induced
oxidative stress in the hepatic tissue. Food
Chemistry, 2012. 132(2): p. 931-935.

Egypt. J. Chem. 66, No. 9 (2023)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chlubek, D. and S. Poland, Fluoride and
oxidative stress. Fluoride, 2003. 36(4): p. 217-
228.

Grucka-Mamczar, E., et al., The influence of
sodium fluoride and antioxidants on the
concentration of malondialdehyde in rat blood
plasma. Fluoride, 2009. 42(2): p. 101.

Chinoy, N., Fluoride stress on antioxidant
defence systems. Fluoride, 2003. 36(3): p. 138-
141,

Wei, R., et al., Chronic fluoride exposure-induced
testicular toxicity is associated with inflammatory
response in mice. Chemosphere, 2016. 153: p.
419-425.

Sedik, A.A. and A.A. Amer, Modulatory Effects
of Cilostazol; an Nrf2/HO-1 activator against
NAFLD in Rats Confirmed by Molecular Docking
and FTIR Studies. Egyptian Journal of Chemistry,
2022, 65 (12), p. 493.508.

Rishi, P., et al., Effect of Lactobacillus plantarum
and L-arginine against endotoxin-induced liver
injury in a rat model. Life sciences, 2011. 89(23-
24): p. 847-853.

Ozben, T., Oxidative stress and apoptosis: impact
on cancer therapy. Journal of pharmaceutical
sciences, 2007. 96(9): p. 2181-2196.

Loguercio, C., et al., Beneficial effects of a
probiotic VSL# 3 on parameters of liver
dysfunction in chronic liver diseases. Journal of
clinical gastroenterology, 2005. 39(6): p. 540-
543.

Cesaro, C., et al., Gut microbiota and probiotics
in chronic liver diseases. Digestive and Liver
Disease, 2011. 43(6): p. 431-438.

Wang, Y., et al., Protective effects of probiotic
Lactobacillus casei Zhang against endotoxin-and
d-galactosamine-induced liver injury in rats via
anti-oxidative and anti-inflammatory capacities.
International immunopharmacology, 2013. 15(1):
p. 30-37.

AHMED, S.H., AS. BADAWI, and AK.
ABDULLAH, Protective effects of Lactobacillus
casei on Lead-induced biochemical deteriorations
in Rats.

Btaszczyk, 1., E. Birkner, and S. Kasperczyk,
Influence of methionine on toxicity of fluoride in
the liver of rats. Biological trace element
research, 2011. 139(3): p. 325-331.

Bergmeyer, H.U. and E. Bernt, Colorimetric
assay of Reitman and Frankel, in Methods of
enzymatic analysis. 1974, Elsevier. p. 735-739.
Walter, M. and R. Gerade, Bilirubin direct/total.
Microchem J, 1970. 15: p. 231-233.

Vassault, A., Lactate dehydrogenase, UV-method
with pyruvate and NADH. Methods in enzymatic
analysis, 1983. 3: p. 118.



122

Ahmed A. Sedik et. al.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Walter, M. and H. Gerade, Determination of the"
Total™ bilirubin and its conjugated” Direct"
fraction. Microchem J, 1970. 15(231): p. 90045-
7.

Afifi, N.A., et al., Trigonelline attenuates hepatic
complications and molecular alterations in high-
fat high-fructose diet-induced insulin resistance
in rats. Canadian Journal of Physiology and
Pharmacology, 2017. 95(4): p. 427-436.

Beutler, E., Improved method for the
determination of blood glutathione. J. lab. clin.
Med., 1963. 61: p. 882-888.

Ohkawa, H., N. Ohishi, and K. Yagi, Assay for
lipid peroxides in animal tissues by thiobarbituric
acid reaction. Analytical biochemistry, 1979.
95(2): p. 351-358.

Ridnour, L.A., et al., A spectrophotometric
method for the direct detection and quantitation
of nitric oxide, nitrite, and nitrate in cell culture
media. 2000. 281(2): p. 223-229.

A Sedik, A., Modulation activity of Vildagliptin
on Hepatic Complications and Lipoprotein
Abnormalities Associated with Insulin Resistance
in Rats. Egyptian Journal of Chemistry, 2022.
65(8): p. 3-6.

Habibi, F., et al., Alteration in inflammation-
related miR-146a expression in NF-KB signaling
pathway in diabetic rat hippocampus. Advanced
pharmaceutical bulletin, 2016. 6(1): p. 99.
Bancroft, J.D. and M. Gamble, Theory and
practice of histological techniques. 2008: Elsevier
health sciences.

Unger, C., et al., Wild-type function of the p53
tumor suppressor protein is not required for
apoptosis of mouse hepatoma cells. Cell Death &
Differentiation, 1998. 5(1): p. 87-95.

Glauert, A.M. and P.R. Lewis, Biological
specimen preparation for transmission electron
microscopy, in Biological Specimen Preparation
for Transmission Electron Microscopy. 2014,
Princeton University Press.

Gale, R.P., R.S. Sparkes, and D.W. Golde, Bone
marrow origin of hepatic macrophages (Kupffer
cells) in humans. Science, 1978. 201(4359): p.
937-938.

Basha, S.K. and K.J. Rao, Sodium fluoride
induced histopathalogical changes in liver and
kidney of albino mice. Acta Chimica and
Pharmaceutica Indica, 2014. 4(1): p. 58-62.
Dykens, J.A. and Y. Will, The significance of
mitochondrial ~ toxicity  testing in  drug
development. Drug discovery today, 2007. 12(17-
18): p. 777-785.

Emejulu, A., et al., Renal and hepato-protective
effects of Irvingia gabonensis juice on sodium

Egypt. J. Chem. 66 No. 9. (2023)

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48,

49,

fluoride-induced toxicity in Wistar rats. J Clin
Toxicol, 2016. 6(296): p. 2161-0495.1000296.
Bouaziz, H., et al., Effects of sodium fluoride on
hepatic toxicity in adult mice and their suckling
pups. Pesticide Biochemistry and Physiology,
2006. 86(3): p. 124-130.

Mohammed, I.A. and B.N. Al-Okaily, Effect of
sodium fluoride on liver functions of rats and
amelioration by CoQ210. Journal of Entomology
and Zoology Studies, 2017. 5(5): p. 887-893.
Abdel-Wahab, W.M., Protective effect of
thymoquinone on  sodium  fluoride-induced
hepatotoxicity and oxidative stress in rats. The
Journal of Basic & Applied Zoology, 2013. 66(5):
p. 263-270.

Wang, Y., et al., Probiotic Lactobacillus casei
Zhang reduces pro-inflammatory  cytokine
production and hepatic inflammation in a rat
model of acute liver failure. European Journal of
Nutrition, 2016. 55(2): p. 821-831.

Hassan, H.A. and M.I. Yousef, Mitigating effects
of antioxidant properties of black berry juice on
sodium fluoride induced hepatotoxicity and
oxidative stress in rats. Food and Chemical
Toxicology, 2009. 47(9): p. 2332-2337.

Lu, Y., et al., Sodium fluoride causes oxidative
stress and apoptosis in the mouse liver. Aging
(Albany NY), 2017. 9(6): p. 1623.

Kamaladevi, A., et al., Lactobacillus casei
protects malathion induced oxidative stress and
macromolecular changes in Caenorhabditis
elegans. Pesticide Biochemistry and Physiology,
2013. 105(3): p. 213-223.

Liu, G., C. Chai, and L. Cui, Fluoride causing
abnormally elevated serum nitric oxide levels in
chicks. Environmental Toxicology  and
Pharmacology, 2003. 13(3): p. 199-204.
Korhonen, R., et al., Induction of nitric oxide
synthesis by probiotic Lactobacillus rhamnosus
GG in J774 macrophages and human T84
intestinal epithelial cells. Inflammation, 2001.
25(4): p. 223-232.

Afifi, N.A., et al, Synergistic effect of
aminoguanidine and I-carnosine  against
thioacetamide-induced hepatic encephalopathy in
rats: behavioral, biochemical, and ultrastructural
evidence. Canadian journal of physiology and
pharmacology, 2021. 99(3): p. 332-347.

Sun, Z. and R. Andersson, NF-«B activation and
inhibition: a review. Shock, 2002. 18(2): p. 99-
106.

El-Deeb, N.M., et al, A novel purified
Lactobacillus acidophilus 20079
exopolysaccharide, LA-EPS-20079, molecularly
regulates both apoptotic and NF-«xB inflammatory



Attenuation of sodium fluoride-induced hepatic injury by Lactobacillus casei through inhibition..

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

pathways in human colon cancer. Microbial cell
factories, 2018. 17(1): p. 1-15.

Sprague, A.H. and R.A. Khalil, Inflammatory
cytokines in vascular dysfunction and vascular
disease. Biochemical pharmacology, 2009. 78(6):
p. 539-552.

Llopis, M., et al, Lactobacillus -casei
downregulates commensals' inflammatory signals
in Crohn's disease mucosa. Inflammatory bowel
diseases, 2009. 15(2): p. 275-283.

Agalakova, N.I. and G.P. Gusev, Molecular
mechanisms of cytotoxicity and apoptosis induced
by inorganic fluoride. International Scholarly
Research Notices, 2012. 2012.

Jothiramajayam, M., et al., Sodium fluoride
promotes apoptosis by generation of reactive
oxygen species in human lymphocytes. Journal of
Toxicology and Environmental Health, Part A,
2014. 77(21): p. 1269-1280.

Song, C., et al., Sodium fluoride activates the
extrinsic apoptosis via regulating NOX4/ROS-
mediated p53/DR5 signaling pathway in lung
cells both in vitro and in vivo. Free Radical
Biology and Medicine, 2021. 169: p. 137-148.
Cao, J., et al., Protective properties of sesamin
against fluoride-induced oxidative stress and
apoptosis in kidney of carp (Cyprinus carpio) via
JNK signaling pathway. Aquatic Toxicology,
2015. 167: p. 180-190.

Tiptiri-Kourpeti, A., et al., Lactobacillus casei
exerts anti-proliferative effects accompanied by
apoptotic cell death and up-regulation of TRAIL
in colon carcinoma cells. PloS one, 2016. 11(2):
p. e0147960.

Kour, K., M. Koul, and R. Koul, Histological
Changes in Liver Following Sodium Fluoride
Ingestion. Fluoride, 1981. 14(3): p. 119-123.
Shashi, A. and S. Thapar, Histopathology of
fluoride-induced  hepatotoxicity in  rabbits.
Fluoride, 2001. 34(1): p. 34-42.

Panneerselvam, L., et al., Ferulic acid modulates
fluoride-induced oxidative hepatotoxicity in male
Wistar rats. Biological trace element research,
2013. 151(1): p. 85-91.

Dabrowska, E., et al., Ultrastructural study of the
mitochondria in the submandibular gland, the
pancreas and the liver of young rats, exposed to
NaF in drinking water. Roczniki Akademii
Medycznej w Bialymstoku (1995), 2004. 49: p.
180-181.

Egypt. J. Chem. 66, No. 9 (2023)

123



