
Abstract

The current study aims to investigate the preventive efficacy of lycopene (LP) against sodium fluoride
(NaF)-induced renal damage in rats. Four equal groups (6 rats/group) of albino rats with initial average
weight 120 ± 10g were assigned as follows: G1 rats served as controls, whereas G2 rats received LP orally
(10 mg/kg B.W per day); G3 rats were administered NaF (100 mg/L) in drinking water, and G4 rats were
given NaF along with LP. After four weeks of the experimental period, blood samples were collected to
estimate urea and creatinine levels in sera. Kidney tissues were also collected to investigate the following
parameters: superoxide dismutase (SOD), glutathione reduced content (GSH), malondialdehyde (MDA)
and tumor necrosis factor-α (TNF-α) in tissue homogenate. The present data declared that NaF reduced
renal antioxidants SOD and GSH while elevating the levels of urea and creatinine, MDA, as well as TNF-
α. Administration of LP to NaF-treated rats restored the levels of renal antioxidants and ameliorated the
elevated levels of renal biomarkers, MDA, and TNF-α. The study demonstrated that LP supplementation
provided strong antioxidant and anti-inflammatory protection against nephrotoxicity caused by NaF.
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1. Introduction

Fluoride is a common industrial pollutant and
an abundant natural material that may be found in
almost any type of environmental matrix. Sodium
fluoride (NaF) is one of the well-studied fluori-
nated molecules that is widely used in dental hy-
gienic products, dental treatments to prevent mu-
nicipal water fluoridation systems and caries, as
well as in insecticides and glass manufacturing [1].
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Ingestion of NaF has been linked with benefits and
disadvantages on bone and tooth development. In-
adequate fluoride intake reduces the incidence of
tooth caries and stimulates bone growth [2].

Excessive consumption of fluoride can result in
fluorosis, a disorder that can cause dental discol-
oration as well as skeletal abnormalities includ-
ing deformities, osteosclerosis, and osteoporosis.
High fluoride intake has also been linked to toxi-
cities in the nervous system, gastrointestinal sys-
tem, and urinary tract. Fluorine has been shown
in previous studies to cause genotoxicity, cytotoxic-
ity, immunotoxicity, oxidative stress which resulted
in cell death in the liver, kidneys, thymuses, and
spleens [1, 3]. Research has provided evidence that
fluoride can cause toxicity by interacting with bi-
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ological systems, resulting in oxidative stress that
produces reactive oxygen species (ROS). These ROS
may disrupt the activity of certain enzymes, ulti-
mately resulting in membrane damage during lipid
peroxidation, mitochondrial membrane depolar-
ization, and apoptosis [4].

Using natural antioxidants as supplements is
one approach to addressing NaF toxicities. Ly-
copene (LP), a bright red carotenoid present in
tomatoes, other red vegetables, and fruits such as
red carrots, grapefruits, watermelons, and papaya,
serves as an example of these naturally occurring
supplements [5]. It is widely recognized for its and
anti-inflammatory and antioxidant properties, as
well as its ability to impact crucial metabolic pro-
cesses within the body [6]. LP is a natural an-
tioxidant that eliminates free radicals. In addition,
LP has been discovered to be therapeutic in miti-
gating the detrimental oxidative damage inflicted
on tissues by environmental toxins [5, 7] Further-
more, LP possesses the capability to recover per-
oxyl radicals, thereby impeding the progression of
lipid peroxidation [8]. Consequently, the current
study sought to investigate the ameliorative effi-
cacy of lycopene on NaF-induced renal injury in
male albino rats.

2. Materials and Methods

2.1. Chemicals

Sodium fluoride (NaF) and lycopene (LP) were
purchased from Sigma-Aldrich chemicals (St.
Louis, MO, USA). Kits used for estimation of liver
enzymes including serum urea and serum creati-
nine were obtained from Biodiagnostic Company,
Giza, Egypt. ELISA kits used for the estimation of
inflammatory markers (TNF-α) were purchased
from Life Span Biosciences Inc., USA and oxidative
markers (MDA, SOD and GSH) were purchased
from Elabscience Biotechnology Company, Bei-
jing, China. All other used chemicals were of
analytical degree.

2.2. Experimental albino rats

Twenty-four adult male Wistar albino rats in
good health, weighing 120 ± 10 g, were acquired
and raised at the Faculty of Veterinary Medicine’s

animal house at Suez Canal University (SCU),
Egypt. They spent seven days as an acclimation
period in laboratory conditions in four cages (6
rats/ cage). After being housed rats were given a
regular diet and unlimited access to water. Under
standard environmental conditions, the animals
were housed at 26◦C (±1◦C). The studied animals
were treated and handled consistent with ethical
guidelines explained by Faculty of Science, Suez
Canal University.

2.3. Design of experiment
Rats were randomly divided into 4 equal groups

once acclimated (6 rats/group). Group 1 (G1)
served as a control while group 2 (G2) rats received
10 mg/kg B.W. of LP orally every day via stom-
ach tube, in compliance with Abdel-Rahman, et
al. [9]. Group 3 (G3) rats were given 100 mg/L
of NaF in drinking water to induce toxicity, as re-
ported by Zhao, et al. [10]. In group 4 (G4), the rats
were treated with LP and NaF. LP was administered
five hours before drinking NaF, and the experimen-
tal period lasted four weeks. After four weeks of
the experimental period, blood samples were col-
lected from the retro-orbital venous plexus; then
the serum was obtained by centrifuging blood at
3000 ×g for 10 minutes and stored at -20 ◦C for
biochemical bioassay. All animals were sacrificed
by decapitation under isoflurane inhalation anes-
thesia. After that, renal tissues were collected
and cleansed with cold and physiological saline
and known weight of renal tissue was then ho-
mogenized in physiological saline (4 mL) and cen-
trifuged at 5000 rpm for 20 minutes at 4◦C. Finally,
the supernatant was used to assess oxidative status
and inflammatory markers.

2.4. Urea and creatinine levels
The concentrations of urea (mg/dL) and creati-

nine (mg/dL) were determined in the obtained sera
using spectrophotometry, following the kit man-
ufacturer’s instructions and the described meth-
ods by Fawcett and Scott [11] and Bowers and
Wong [12].

2.5. Malondialdehyde and antioxidants
The levels of MDA (nmol/g) [13], and the antiox-

idants; SOD (IU/g) [14], and GSH (mg/g) [15] were
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analyzed in the supernatant of homogenate renal
tissues, according to the manufacturer’s kit proto-
col.

2.6. Tumor necrosis factor

The level of TNF-α [16] was estimated in renal
tissue homogenates and was expressed as Pg/g tis-
sue, according to the manufacturer kit.

2.7. Statistical analysis

The data was presented as mean ± SE (n = 6)
and analyzed using one-way ANOVA followed by
the Duncan multiple tests in SPSS version 20 (SPSS
Inc., Chicago). A probability value less than 0.05
was considered statistically significant.

3. Results

3.1. Levels of urea and creatinine

The data presented in Table 1 revealed that NaF-
intoxicated albino rats exhibited a significant (P ≤
0.05) increase in creatinine and urea levels com-
pared to the control group. Adding LP to the NaF
group significantly (P ≤ 0.05) lowered urea and cre-
atinine levels compared to the NaF group. No sig-
nificant differences were observed among the con-
trol groups.

3.2. Malondialdehyde and antioxidants

The present data indicated that drinking NaF
significantly (P≤0.05) increased MDA levels
(Figure 1), whereas SOD and GSH levels (Figures.
2 and 3) were significantly (P≤0.05) decreased as
compared to the control groups. Conversely, LP
co-administration resulted in significant (P≤0.05)
ameliorating in MDA and antioxidant levels com-
pared to the NaF group and comparable to control
groups. No detectable changes between control
groups.

3.3. Tumour necrotic factor

As depicted in Figure 4, drinking NaF signifi-
cantly (P≤0.05) raised TNF-α level in the sera of the
NaF group when compared to other groups. Ad-
ministration of LP to the NaF group significantly
(P≤0.05) lowered TNF-α levels than levels of the
NaF group. There were no significant differences
between the control groups.

Figure 1: The protective effect of lycopene on MDA levels
raised by NaF in renal tissues of male albino rats. Values were
expressed as mean± SE (6 rats/group) with different letters
(a, b &c) indicating significance between groups at P≤0.05.

Figure 2: The ameliorative effect of lycopene on SOD activ-
ities on renal tissues of male albino rats influenced by NaF.
Values were expressed as mean± SE (6 rats/group) with dif-
ferent letters (a, b &c) indicating significance between groups
at P≤0.05.

Figure 3: The ameliorative effect of lycopene on GSH con-
tents on renal tissues of male albino rats influenced by NaF.
Values were expressed as mean± SE (6 rats/group) with dif-
ferent letters (a, b &c) indicating significance between groups
at P≤0.05.
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Table 1: Effect of lycopene (LP) onurea and creatinine levels in sera of male rats influenced by NaF

Parameters Control LP (10 mg/kg B.W.) NaF (100 mg/L) LP (10 mg/kg B.W.)
+ NaF (100 mg/L)

Urea ( mg/dL) 35.42 ± 0.20c 35.51 ± 0.12c 86.82 ± 0.47a 39.73 ± 0.15b

Creatinine (mg/dL) 1.01 ± 0.25c 1.03 ± 0.18c 2.95 ± 0.29a 1.36 ± 0.16b

Each value representsthe mean ± SE (n =6), means in the same row with different superscript letters(a, b&c) are significantly
different at P≤0.05.

Figure 4: The protective effect of lycopene onTNF-α levels in-
duced by NaF in renal tissues of male albino rats. Values were
expressed as mean± SE (6 rats/group) with different letters
(a, b &c) indicating significance between groups at P≤0.05.

4. Discussion

The kidney is an essential and multifunctional
organ that is crucial to the body’s ability to main-
tain homeostasis and extract waste [2]. It is ex-
tremely susceptible to fluoride-induced toxicity
since it is the primary location of fluoride accu-
mulation and excretion [1, 4].Renal dysfunctions
are now more common than ever because of the
rise in the prevalence of diseases like hypertension
and diabetes as well as increased exposure to envi-
ronmental pollutants [1, 3]. The present research
investigates the possible protective role of LP on
oxidative damage and inflammation caused by
NaF, which consequently induces renal toxicity.

The serum urea and creatinine levels are consid-
ered to be good markers of renal health and func-
tion; however, creatinine measurement is more ac-
curate because urea levels can also be affected by
a number of other renal issues, such as dehydra-
tion [4].

According to present data, intoxication with NaF

elevated serum creatinine and urea levels. The ob-
tained results were in accordance with previous
studies of Khan, et al. [1], Sharma, et al. [2] and
Adelakun, et al. [4] who reported that administra-
tion of NaF (5 mg/kg B.W) via gastric gavage for 30
days significantly elevated the levels of creatinine
and blood urea in serum of rats. The elevated levels
of urea and creatinine in serum were attributable
to severe renal damage resulting from the break-
down of glomerular filtration that leads to various
degrees of tubular reabsorption, indicating a po-
tent renal toxic activity [2, 4].

On the contrary, co-administering LP to rats in-
toxicated with NaF resulted in a downregulation
of creatinine and urea levels, suggesting that the
LP has nephroprotective properties against NaF
intoxication. This reduction may be attributed
to LP’s therapeutic value and antioxidant activi-
ties [7]. This finding was in accordance with Al-
brahim and Robert [5], Khan, et al. [17], and Salem
and Salem [18] who demonstrated that adminis-
tration of LP (4 mg/kg B.W.) by gavage once every
other day for two months produced a significant
reduction in creatinine and urea levels when com-
pared to cadmium intoxicated rats.

Oxidative stress is caused by the excessive gen-
eration of ROS, such as hydrogen peroxide, su-
peroxide, and hydroxyl radicals, due to the im-
balance between free radicals and antioxidants in
the body [2]. The present data explored that NaF
caused oxidative stress in renal tissue, evidenced
by the elevation of MDA levels, along with a re-
duction of SOD activities and GSH contents in
the NaF group. Lipid peroxidation in renal cel-
lular membranes may be the cause of the ob-
served increase in renal oxidative stress, resulting
in damage. These were in agreement Albrahim and
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Robert [5] and Adelakun, et al. [4]. In addition, pre-
vious studies revealed that ingestion of NaF caused
a decrement in the antioxidant enzyme levels and
an increment of MDA levels because NaF induces a
huge production of ROS and free radicals that dam-
age many biomolecules and cause a wide range of
molecular and cellular effects, including cytotoxic-
ity [1, 2].

Lycopene supplementation ameliorated the NaF
impacts in renal tissues by improving the content
of GSH and SOD activity and lowering MDA levels.
It is supposed that LP has antioxidant action and
can neutralize oxygen and peroxyl radicals leading
to a low generation of MDA level [18, 19]. These
findings agreed with the previous studies of Abdel-
Rahman, et al. [9] and Elsayed, et al. [19] who re-
ported that oral administration of LP (10 mg/kg
B.W./d) for 30 days ameliorated the cisplatin im-
pacts in renal tissues by increasing the content of
GSH and SOD activity and decreasing MDA levels.

In this investigation, NaF intoxication increased
TNF-α levels, suggesting that it stimulated inflam-
matory reactions via the creation of cytokines in re-
nal tissues. This elevation activates the pathway of
p38-MAPK, resulting in various pathological alter-
ations in the kidney. Furthermore, it causes the re-
nal tissue to produce chemokines and inflamma-
tory cytokines [20]. The generation of inflamma-
tory responses is linked to the activation of the p38-
MAPK pathway, which is thought to be a major me-
diator of the harmful effects of NaF exposure on the
kidneys [1, 20].

The TNF-α can attract immune cells to the
sites of tissue injury, therefore, it is considered
a "master regulator" of the inflammatory re-
sponse [3].Additionally, increased TNF-α levels
activate inducible nitric oxide (NO) synthase, re-
sulting in the production of peroxynitrite, a haz-
ardous nitrogen species [4]. As a result of triggering
nitrative stress and inflammatory reactions in the
treated rats, the elevated renal levels of NO in rats
given NaF alone may potentially accelerate renal
damage [3, 4]. Supplementation with LP improved
TNF-α levels, thus it could be attributed to the
strong antioxidant capacity of LP. This protec-
tive effect was in accordance with Albrahim and
Robert [5].

5. Conclusion

The present study concluded that LP has a pro-
tective effect against renal oxidative damage and
inflammation caused by the consumption of NaF.
This protective role might be achieved by reduc-
ing MDA and TNF-α levels, along with increasing
SOD activities and GSH contents. As a result, LP
could lower oxidative stress and inflammation in
renal tissue.

6. Abbreviations

Body weight: B.W; Day: d; Gram: gm; kilogram:
kg; lycopene: LP; Malondialdehyde: MDA; Reactive
oxygen species: ROS; Reduced glutathione: GSH;
Sodium fluoride: NaF; Statistical Package for Social
Sciences: SPSS; Superoxide dismutase: SOD; Tu-
mor necrosis factor-α: TNF-α. NO: Nitric oxide
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