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ABSTRACT: The widespread use of toothpaste containing various chemical formulations has raised concern
regarding their potential impact on aquatic ecosystems. This research examines the molecular toxicity of popular
toothpaste brands on post-juveniles of Clarias gariepinus from a commercial fish farm in Akure, Ondo State, Nigeria.
Specifically assessing the impact of these toothpaste brands on the mRNA expression levels of the heat shock protein
(HSP70), interleukin (IL-1p), melatonin receptors (MEL1C), and growth hormone in comparison to a control group.
The results revealed a significant upregulation of HSP70, IL-1f, and MEL1C genes in the exposed group, indicating
a potential stress response and immune system activation. Intriguingly, the growth hormone mRNA expression
remained unaffected in the treated group compared to the control. These findings underscore the need for further
exploration into the potential molecular consequences of common toothpaste ingredients on aquatic organisms,
raising important questions about environmental safety and consumer product development.
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Toothpaste, a staple in daily dental hygiene, has
transformed over the years into a multifunctional gel
or paste, designed to support oral health by combatting
bad breath, and preventing gum and dental problems
(Fiorillo et al., 2020). With an extensive global output,
the toothpaste market is projected to grow
substantially, reaching an estimated value of USD 47
billion by 2028 (Mordor Intelligence, 2023). Common
toothpaste constituents include a range of ingredients
such as water, sodium lauryl sulphate, sodium
benzoate, fluoride, triclosan, humectants, artificial
colorants, and microplastics (Dusit et al., 2023). The
composition and disposal of toothpaste products give
rise to critical environmental concerns, as these
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compounds can infiltrate freshwater systems and soil,
posing a threat to ecosystems. Despite its oral health
benefits, fluoride, a common toothpaste ingredient,
accumulates in natural settings, leading to ecological
challenges such as apoptosis of hepatocytes, oxidative
stress, mitochondrial damage and apoptosis by
affecting the mitochondrial respiratory chain complex
in the kidney in organisms (Zuo et al., 2018; Wu et al.,
2022). Antimicrobial agents like triclosan can
contribute to antibiotic resistance which can lead to
ecological imbalance in microbial populations (Carey
and McNamara, 2015). Furthermore, microplastics,
used for their abrasive properties, have been linked to
a range of toxic effects on aquatic life, from disrupted
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behavior patterns to genotoxicity (Bashirova et al.,
2023). Notably, toothpaste usage in India alone
introduced a substantial amount of microplastics into
the environment amounting to around 1.4 billion
grams of microplastics annually (Chidhambaram et al.,
2022). Research has also revealed the presence of
heavy metals (Orisakwe et al. 2016) in toothpaste,
raising concerns about their impact on the ecosystem.
Additionally, the leaching of chemical ingredients and
preservatives from toothpaste raises worries about soil
and water quality. In the aquatic environment, the
principal pathways for the uptake of chemicals by
organisms  primarily  encompass the  gills,
integumentary system (comprising the skin), and gut
(through the consumption of contaminated food)
(Tenji et al., 2020). Fishes in contrast to other
vertebrates exhibit a remarkable ability to display
flexible phenotypic adaptations in response to diverse
environmental circumstances. This adaptability
manifests through profound and swift alterations in
gene expression patterns when exposed to external
stimuli. Thus, the modulation of gene expression
represents one of the foremost mechanisms employed
by fish when they encounter shifts in their surrounding
environmental conditions (Larsen et al., 2011). Thus,
gene expression and its regulatory mechanisms in
relation to fish health have been widely studied to
determine how fish populations adjust to local
environmental conditions (Tine 2017). The African
sharp-toothed catfish (Clarias gariepinus) was
selected as the subject of this study owing to its
remarkable  suitability for aquaculture and
ecotoxicology research (Osman et al., 2019).
Commercially, it is highly valuable (Swaleh et al.,
2023). Although indigenous to sub-tropical Africa, it
has since been domesticated worldwide. The species is
raised in ponds, enclosures, and cages. The present
study evaluates the influence of two popular
toothpaste brands (Close up and Oral B) in Nigeria on
the gene expression patterns of four proteins in fish:
Growth hormone (GH), heat shock protein 70 (HSP
70), interleukin 1-beta (IL-1B), and melatonin receptors
(MEL1C). GH, a multi-functional hormone, is
synthesized and discharged by the pituitary gland,
playing a vital role in stimulating endocrine growth
during postnatal development and affecting various
physiological processes such as nutrition, metabolism,
reproduction, neuroprotection, immunology,
osmoregulation, and social behavior (Canosa and
Bertucci, 2020; Canosa and Bertucci, 2023). HSPs, a
group of intracellular proteins, are highly conserved
and crucial in responding to different stressors like
physical, chemical, and biological stresses (Baharloei
et al.,2021). Among the HSP families, HSP70 family,
with its high conservation and substantial membership,
has been extensively studied (Jing et al., 2012).
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According to Barnes ef al. (2002), HSP70 plays a
critical role in safeguarding, restoring, and purging
cellular components under adverse environmental
conditions. IL-1B, a pro-inflammatory cytokine, is
involved in fish innate immunity, with diverse
physiological roles encompassing metabolism,
inflammation, and immunology (Wong et al., 2019;
Tian et al., 2021), and its role in managing the
inflammatory process in fish is conserved (Zou and
Secombes, 2016). Melatonin, an indole derivative,
regulates the circadian rhythm in vertebrates, released
periodically from the pineal gland and various organs.
Apart from its housekeeping effects on rhythmic
changes in physiological variables, melatonin governs
several body functions in aquatic animals, including
antioxidation, thermoregulation, immunoregulation,
neuroendocrine function, sexual maturation, seasonal
reproduction regulation, and aspects of aging (Falcon
etal.,2010; Karamian et al., 2016; Zhang et al., 2023).

This study addresses the gap in understanding the
cumulative  impact of complete toothpaste
formulations on aquatic organisms, unlike the
predominant focus on isolated toothpaste components
in existing studies.

MATERIALS AND METHODS

Test Chemical: Two 400g packs of Close-up (CLP)
and Oral B (ORB) toothpaste brands were purchased
from local stores in Akure, metropolis, Ondo State.
Nigeria.

Experimental exposure: One hundred and fifty post-
juveniles of Clarias gariepinus were obtained from a
commercial fish farm in Akure, Ondo State, Nigeria,
with a mean weight of 103-117 g and a total length of
21.50 + 0.3 cm. To alleviate stress, the organisms were
conveyed to the laboratory in well-aerated glass tanks
filled with water from the point of collection. They
were acclimatized for 10 days and kept in a laboratory
setting (temperature 30 + 2 °C) with a 12-hour
light/dark cycle. Throughout the experiment, the fish
were fed twice daily with a Coppens designed diet
(44% crude protein), and the water in the fish's holding
tank was changed every 24 hours to eliminate the
accumulation of waste metabolites. A static renewal
acute toxicity bioassay was performed in accordance
with the Organization for Economic Cooperation and
Development's (OECD) criteria for fish toxicity
testing (OECD, 2010), and was authorized by the local
ethics commission (CERAD/REC/16/02/023). The
test organisms were randomly divided into five
exposure groups and a control group of 30 fish each,
with no regard for sex. Each group was then randomly
assigned to three repeat tests of ten fish each in 10-L
glass aquaria. A predetermined concentration of CLP
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(0.7,0.8,0.9, 1.0, 1.1 mg/L), and ORB (0.6, 0.7, 0.8,
0.9, 1.0 mg/L) was measured from the stock solution
and added to the bioassay tanks; the mixture was
carefully stirred with a glass rod to ensure even
distribution of the chemical and allowed to stand for
30 minutes before randomly introducing the test
organisms. The sublethal experiment was based on
environmentally relevant values extrapolated from the
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1/10" and 1/100% of the 96 hr lethal concentration
(LCso) for CLP (0.772 mg/L) and ORB (0.692 mg/L).
The test material was renewed with the same
concentration and untreated control every 24 hours. At
the end of the exposure period on day 15, test
organisms were recovered and anaesthetized with
tricaine methanesulfonate (MS-222) and dissected to
get liver organs required for molecular studies.

Table 1: Forward and Reverse Primer Sequence used in the Study

SN | Gene name | Forward primer zequence Reverse primer seguence

1 B-ACTIN CATCOGGCAATGAGCGTTIC GATGGAGTTGAAGGTGETCTC

2 GH CCCTGTCATTCTGCAACTCT CCATGACTCGATCAGACGATAAG
3 HSPT0 TGGOCTTTCAAGGTCATCAG ¢ CAGCAACCATGGAGGAGATTT

4 IL-1F CAGTGAATCCAAGOGCTACA @ AAGCGAGCAGAAAGAGGAAAL

5 MELIC GATTTGGGCGACAGCAATTC | CCAGCATACAGCAAACAACAC

Quantitative real-time PCR: Using TRI reagent
(Zymo Research, USA), total RNA was extracted from
fish liver tissues. Following DNAse I (ThermoFisher
Scientific) treatment, DNA impurities were removed
by following the manufacturer's methodology. The
extracted RN A was then reconstituted in nuclease-free
water and quantified with a Hitachi-U1900
spectrophotometer at 260 nm by measuring the
absorbance (Elekofehinti er al., 2018). 1pg of the
extracted RNA was used for the reverse transcription
reaction to synthesize complementary DNA (cDNA)
with the ProtoScript 1l First Strand cDNA synthesis kit
(BioLabs, New England) under the following
conditions: 65 °C for 5 minutes, 42 °C for one hour,
and 70 °C for five minutes. OneTaq® 2X Master Mix
(BioLabs, New England) was used to perform PCR
amplification, which was subsequently run on a
Labgene thermocycler. The primers were personally
designed, then sent for synthesis and purchase from
Inqaba Biotec (Hatfeild, South Africa). PCR was
conditioned as follows: 1 cycle at 95 °C for 5 minutes,
30 cycles at 95 °C for 30 seconds, 30 cycles at 55 °C
for 30 seconds, 30 cycles at 72 °C for 1 minute and a
final extension step at 72 °C for 5 minutes. The relative
amount of cDNA was subsequently quantified using
ImagelJ software and the gene expression normalized
with B-actin gene as the housekeeping gene. The
forward and backward primer sequences of the
following genes, namely, growth hormone (GH), heat
shock protein 70 (HSP 70), interleukin 1-beta (IL-1p),
and melatonin receptors (MELIC) are presented in
Table 1.

Data analysis: Acute toxicity data involving quantal
response mortality was analyzed using the probit
analysis. ImageJ software was used to quantify the
intensities of the band from agarose gel
electrophoresis densitometrically. The densitometric
analysis was subjected to an analysis of variance
(ANOVA) using Graphpad Prism version 7 at a 5% (P

< 0.05) level of significance, and the Tukey post hoc
test was applied to further separate the means.

RESULTS AND DISCUSSION

Relative Acute Toxicity of Closeup and Oral-b
Exposed to C. gariepinus: On the basis of the
computed 96 hr LCsg values, of Oral-b was 1.12 times
(0.692 mg/L) more toxic to fish than Closeup (0.772
mg/L). The distinct formulations of the two brands of
toothpaste may be the reason for the contrasting
sensitivity of the fish to the test compounds.
Consequently, these factors affected the fish's
vulnerability to the noxious substance. In addition, the
presence of the microbeads in the Oral-b formulations
may likely exert more negative impact than the
closeup brand that had none of it.

Gene Expression Studies: The result of the
densitometric analysis of the reference genes is shown
in Figure 1 - 4. Data are expressed as mean + SEM (n
= 0); ****p < 0.05; denotes the significance of the data
of the exposed groups when compared with the control
group. The mRNA genes of heat shock protein
(HSP70), interleukin (IL-1B), and the melatonin
receptors (MELIC), in the exposed group were
significantly expressed when compared to the control
group. In contrast, the mRNA genes of the growth
hormone were not significantly expressed in the
treated group when compared to the control group.

HSP, IL-1B, and MELI1C are often upregulated in cells
exposed to environmental stresses (Cengiz et al.,
2012; Kleszczynski et al., 2014). This work examines
these biomarkers to assess the ecotoxicity of oral
cleaning solutions. The growth hormone in fish has a
significant impact on metabolism and can alter fish
behavior. This includes stimulating hunger, increasing
swimming activity, promoting aggression, and
lowering anti-predatory behavior (Hayuningtyas et al.,
2022). Based on this study, toothpaste formulations
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located in the promoter region of the HSP genes (Sun
et al 2021).

had no effect on GH, contrary to that of Stachurski et
al. (2023).
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Fig 1: mRNA Expression in the Fish Following Chronic Exposures
to Close-up and Oral B Toothpaste formulation on Growth
Hormone.

Key: 1 & 2 = Control replicates; 3 & 4 = 1/10th of 96-hour
Closeup LCsy; 5 & 6 = 1/100th of 96-hour Closeup LCsp; 7 & 8 =
1/10th of 96-hour Oral B LCsy; 9 & 10 = 1/100th of 96-hour Oral
B LCs
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Fig2: Figure 1: mRNA Expression in the Fish Following Chronic
Exposures to Close-up and Oral B Toothpaste formulation on Heat
Shock Protein 70.

Key: 1 & 2 = Control replicates; 3 & 4 = 1/10th of 96-hour
Closeup LCsy; 5 & 6 = 1/100th of 96-hour Closeup LCsy; 7 & 8 =
1/10th of 96-hour Oral B LCsy; 9 & 10 = 1/100th of 96-hour Oral
B LCs

The researchers found that toothpaste formulations
inhibited growth factors in zebrafish models. Heat
shock proteins (HSPs) are a diverse group of
chaperones that are highly conserved and play key
roles in responding to environmental stresses (Eissa et
al., 2017). The regulation of HSP expression mostly
occurs through the interaction of HSF1 with HSEs
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Fig 3: mRNA Expression in the Fish Following Chronic Exposures
to Close-up and Oral B Toothpaste formulation on Interleukin 15
Gene.

Key: 1 & 2 = Control replicates; 3 & 4 = 1/10th of 96-hour
Closeup LC50; 5 & 6 = 1/100th of 96-hour Closeup LCs,

7 & 8 = 1/10th of 96-hour Oral B LCsy; 9 & 10 = 1/100th of 96-
hour Oral B LCs,
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Fig 4: Figure 1: mRNA Expression in the Fish Following Chronic
Exposures to Close-up and Oral B Toothpaste formulation on
Melatonin receptors.

Key: 1 & 2 = Control replicates; 3 & 4 = 1/10th of 96-hour
Closeup LCsy; 5 & 6 = 1/100th of 96-hour Closeup LCsp; 7 & 8 =
1/10th of 96-hour Oral B LCsy; 9 & 10 = 1/100th of 96-hour Oral
B LCs

HSP molecules, which are generated in reaction to
stressful circumstances, serve a dual purpose: they not
only facilitate the initial reaction to stressors but also
strengthen the host's defenses against chronic
pathogens and neoplastic growth (Chellapandian et a!.,
2023). The study observed that the toothpaste
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formulation caused sub-lethal toxicity, which was
shown by a significant increase in the expression of
HSP70 genes. Consequently, the pollutant may cause
tissue damage, decrease the activities of several
detoxifying enzymes, induce oxidative stress, and
ultimately lead to increased DNA damage and
degradation (Dutta et al., 2017). Multiple studies have
demonstrated that environmental toxicants, such as
heat, heavy metals, and endocrine disrupting
chemicals (EDCs), can cause an increase in the
production of HSPs in organisms (Rhee et al., 2009;
Kim et al., 2014).

Similar to other cytokines, interleukin 1§ is a crucial
component of the innate immune response in fish.
They participate in an extensive array of physiological
and immunological processes, as well as metabolic
and inflammatory processes (Wong ef al., 2019; Tian
et al.,2021). The significant expression of IL-1p in this
study may be a classical sign of inflammation, which
is associated with cells and tissues responding to
pathological cell injury caused by internal stimuli,
including damage-associated products and metabolites,
as well as external stimuli (Kaneko ef al., 2019). The
findings of this study contradict the results of Varghese
et al. (2019), who reported that using guava leaf
extract as a mouth rinse decreased the levels of
inflammatory cytokines in human gingival epithelial
keratinocytes ~ (HGEK-16).  Emphasizing  the
advantages of using oral cleaning solutions that are
entirely derived from plants. MEL1C regulates various
bodily processes in aquatic species, in addition to its
housekeeping effects on rhythmic variations in several
physiological variables (Maitra, 2011; Acharyya et al.,
2021). Melatonin secretion influences a variety of
physiological functions, including antioxidation,
thermoregulation, immunoregulation, neuroendocrine
function, sexual maturation, seasonal reproduction
regulation, and some aspects of aging (Karamian et al.,
2016; Gao et al., 2022). The significant increase in
melatonin levels could potentially be attributed to its
ability to scavenge free radicals. MELIC exhibits a
wide range of antioxidant activities, including an
indirect impact that involves the downregulation of
pro-oxidant enzymes and the wupregulation of
antioxidative enzymes. Specifically, it inhibits the
activity of glutathione peroxidase (GPx), glucose-6-
phospahte dehydogenase, superoxide dismutase
(SOD), catalase (CAT), and NO synthases (Olcese,
2020). The immunoregulatory properties of MELIC
have been documented to be linked with the enhanced
synthesis of interleukin cytokines (Bromage et al.,
2001; Acharyya et al., 2021). This correlation was also
seen in this research.
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Conclusion: The findings of this research
demonstrated that toothpaste formulations have the
capacity to induce molecular stress responses in fish.
Significant upregulation of HSP, IL-18, and MELI1C
was observed in the treated groups, highlighting the
urgent requirement for the development of safer
alternatives that are free from detrimental side effects.
Additionally, the biomarkers that were sampled,
namely HSP, IL-1f, and MEL1C, have the potential to
function as significant indicators in evaluating the
consequences of oral hygiene products on aquatic
ecosystems. Thus, contributing to the broader
understanding of environmental health.

Acknowledgements: The authors would like to
acknowledge Dr. Elekofehinti, O. O. for his assistance
in the gene expression analysis of the study.

REFERENCES

Acharyya, A; Das, J; Hasan, KN (2021) Melatonin as
a Multipotent Component of Fish Feed: Basic
Information for Its Potential Application in
Aquaculture. Front. Mar. Sci. 8:734066. doi:
10.3389/fmars.2021.734066.

Baharloei, M; Heidari, B; Zamani, H; Ghafouri, H;
Hadavi, M (2021). Effects of Heat Shock Protein
Inducer on Hsp70 Gene Expression and Immune
Parameters during Streptococcus Iniae Infection in
A Persian Sturgeon Fry. Vet Res Forum. 12(4), 473-
479. doi: 10.30466/vrf.2019.115181.2740

Barnes, JA; Collins, BW; Dix, DJ; Allen, JW. (2002).
Effects of Heat Shock Protein 70 (Hsp70) on
Arsenite-Induced Genotoxicity, Environ. Mol.
Mutagen. 40: 236-242.

Bashirova, N; Poppitz, D; Kliver, N; Scholz, S;
Matysik, J; Alia, A (2023). A Mechanistic
Understanding of The Effects of Polyethylene
Terephthalate Nanoplastics in The Zebrafish
(Danio Rerio) Embryo. Sci. Rep. 13 (1), 1891.

Bromage, N; Porter, M; Randall, C (2001). The
Environmental Regulation of Maturation in
Farmed Finfish with Special Reference to The Role
of Photoperiod and Melatonin. Aquaculture 197,
63-98. doi: 10.1016/S0044-8486(01)00583-X
Bubenik.

Canosa LF; Bertucci, JI (2023) The Effect of
Environmental Stressors on Growth in Fish and Its
Endocrine Control. Front. Endocrinol. 14:1109461.
doi: 10.3389/fendo0.2023.1109461.

OGUNWOLE, G. A; KOLAWOLE, Y. F; AYIBIOWU, T. E; OYEWOLE, O. A



Molecular Toxicity of Popular Toothpaste Formulations.....

Canosa, LF; Bertucci, JI (2020). Nutrient Regulation
of Somatic Growth in Teleost Fish the Interaction
Between Somatic  Growth, Feeding and
Metabolism. Mol Cell Endocrinol. 518:111029.
doi: 10.1016/j.mce.2020.111029.

Carey; DE; McNamara; PJ (2014). The Impact of
Triclosan on The Spread of Antibiotic Resistance
in The Environment. Front Microbiol. 5: 780.

Cengiz, Mi; Cengiz, S; Wang, HL (2012). Melatonin
and Oral Cavity. Int J Dent. 491872. doi:
10.1155/2012/491872. PMID: 22792106; PMCID:
PMC3389678.

Chellapandian, H; Park, K; Kwak, IS (2023) A Review
on The Involvement of Heat Shock Proteins
(Extrinsic Chaperones) In Response to Stress
Conditions in Aquatic Organisms. Antioxid. 12:
1444, https:// doi.org/10.3390/antiox12071444.

Chidhambaram, T; Madhumitha, Natchimuthu NK;
Muniyandi, B; Alagarsamy, A; Abdulaziz, A; Al
Kheraif, WK; Ponnuchamy, K (2022) Extraction,
Identification, and Environmental Risk
Assessment of Microplastics in Commercial
Toothpaste. Chemosphere. 296: 133976. DOI:
doi.org/10.1016/j.chemosphere.2022.133976.

Dusit, N; Pasiree, T; Pimduean, S; Thanaphum, O;
Yanee, T, Rangsima, S; Thawanrat, S; Sirirat, U;
Budsaraporn, B; Naruporn, M (2023). Fluoride
Concentration,  Antibacterial  Effect, And
Cytotoxicity in Children’s Toothpaste: In Vitro
Study. available = at  Research  Square
[https://doi.org/10.21203/rs.3.1s-2776456/v1].

Dutta, M; Rajak, P; Khatun, S; Roy, S (2016). Toxicity
Assessment of Sodium Fluoride in Drosophila
melanogaster After Chronic Sub-Lethal Exposure.

Chemosphere. 2017 Jan; 166:255-266. doi:
10.1016/j.chemosphere.2016.09.112. PMID:
27700992.

Eissa, N; Wang, HP; Yao, H; Shen, ZG; Shaheen, AA;
Abou-ElGheit, EN (2017). Expression of Hsp70,
Igfl, and Three Oxidative Stress Biomarkers in
Response to Handling and Salt Treatment at
Different Water Temperatures in Yellow Perch,
Perca flavescens. Front. Physiol. 8:683. doi:
10.3389/fphys.2017.00683

Elekofehinti; OO; Ejelonu, OC; Kandem, JP;
Akinlosotu, OB; Damilare, FA; Adebowale, B;
Iwaloye, O; Bulu, YI; Kade, 1J; Rocha, JBT (2018).
Discovery Of Potential Visfatin Activators Using

1156

in Silico Docking and ADME Predictions as
Therapy for Type 2 Diabetes. Suef univ. j. basic
appl. sci. 7(2); 241-249.

Falcon, J; Migaud, H; Munoz-Cueto, JA; Carrillo, M
(2010). Current Knowledge on the Melatonin
System in Teleost Fish. Gen. Comp. Endocrinol.
165, 469-482.

Fiorillo, L; Cervino, G; Herford AS; Laino L; Cicciu,
M; Stannous Fluoride Effects on Enamel: A
Systematic Review. Biomim (Basel). 5(3):41. doi:
10.3390/biomimetics5030041. PMID: 32878006;
PMCID: PMC7559150.

Gao, Y; Zhao, S; Zhang, Y; Zhang, Q (2022).
Melatonin Receptors: A Key Mediator in Animal
Reproduction. Vet  Sci.  9(7):309.  doi:
10.3390/vetsci9070309.  PMID:  35878326;
PMCID: PMC9320721.

Hayuningtyas, EP; Wanto, A; Kusrini, E; Priyadi, A;
Aliah, RS (2022). Expression of the Growth
Hormone Gene during Early Development of Tiger
Shovelnose Catfish (Pseudoplatystoma fasciatum
Linnaeus, 1766). J. Hunan Univ. Nat. Sci. (Natural
Sciences. https://doi.org/10.55463/issn.1674-
2974.49.7.21).

Jing, J; Liu, H; Chen, H; Hu, S; Xiao, K; Ma, X (2013).
Acute Effect of Copper and Cadmium Exposure on
The Expression of Heat Shock Protein 70 In the
Cyprinidae fish. Tanichthys albonubes,
Chemosphere. 91: 1113-1122.

Kaneko, N; Kurata, M; Yamamoto, T; Morikawa, S;
Masumoto, J (2019). The Role of Interleukin-1 In
General Pathology. Inflamm Regener. 39:12 (2019).
https://doi.org/10.1186/s41232-019-0101-5.

Karamian, A.; Shokrzadeh, M.; Ahmadi, A (2016).

The Potential Chemoprotective Effects of
Melatonin Against Genotoxicity Induced by
Diazinon in  Human  Peripheral Blood

Lymphocytes. Toxicol. Ind. Health. 32: 360-366.

Karamian, A; Shokrzadeh, M; Ahmadi, A (2016). The
Potential Chemoprotective Effects of Melatonin
Against Genotoxicity Induced by Diazinon in
Human Peripheral Blood Lymphocytes. Toxicol.
Ind. Health. 32, 360-366.

Kim, BM; Rhee, JS; Jeong, CB; Seo, JS; Park, GS; Lee,
YM; Lee, JS (2014). Heavy Metals Induce
Oxidative Stress and Trigger Oxidative Stress-
Mediated Heat Shock Protein (HSP) Modulation in

OGUNWOLE, G. A; KOLAWOLE, Y. F; AYIBIOWU, T. E; OYEWOLE, O. A



Molecular Toxicity of Popular Toothpaste Formulations.....

The Intertidal Copepod Tigriopus japonicus. Comp.
Biochem. Physiol. Part C Toxicol. Pharmacol. 166,
65-74.

Kleszczynski, K; Zwicker, S; Tukaj, S; Kasperkiewicz,
M; Zillikens D; Wolf, R; Fischer, TW (2014).
Melatonin Compensates Silencing of Heat Shock
Protein 70 And Suppresses UVR-Induced
Inflammation in Human Skin Ex Vivo and
Cultured Keratinocytes. J. Pineal Res. doi:
10.1111/jpi.12197

Larsen, PF; Schulte, PM; Nielsen, EE (2011). Gene
Expression Analysis for The Identification of
Selection and Local Adaptation in Fishes. J. Fish
Bio. 78, 1-22.

Maitra, SK (2011). “Strategic management of
photoperiodic schedule and melatonin profile in
the regulation of carp reproduction,” in Carp:
Habitat, Management and Diseases, eds J. D.
Sanders, S. B. Peterson (New York, NY: Nova
Science Publishers, Inc.), 1-20.

Mordor Intelligence. Global Toothpaste Market.
accessed 1 November 2023,
<https://www.mordorintelligence.com/industry-
reports/global-toothpaste-market>

Olcese, JM (2020). Melatonin and Female
Reproduction: An Expanding Universe. Front.
Endocrinol. 11:85. doi: 10.3389/fend0.2020.00085.

Organisation for Economic Co-operation and
Development (2010) Short guidance on the
threshold approach for acute fish toxicity testing
series on testing and assessment. No. 126.
www.oecd.org.

Osman, GM; Wuertz, S; Mohammed, K (2019). Lead-
Induced Heat Shock Protein (HSP70) And
Metallothionein (MT) Gene Expression in the
Embryos of African Catfish Clarias gariepinus
(Burchell, 1822), Sci. Af: 3: e00056,

Rhee, JS; Raisuddin, S; Lee, KW; Seo, JS; K1, JS; Kim,
IC; Park, HG; Lee, JS (2009). Heat Shock Protein
(Hsp) Gene Responses of the Intertidal Copepod
Tigriopus japonicus to Environmental Toxicants.
Comp. Biochem. Physiol. Part C Toxicol.
Pharmacol. 149: 104-112.

Stachurski, P; Swigtkowski, W; Ciszewski, A; Sarna-
Bo$, K; Michalak, AA (2023). Short Review of the
Toxicity of Dentifrices—Zebrafish Model as a

1157

Useful Tool in Ecotoxicological Studies. Int. J. Mol.
Sci. 14339. https://doi.org/10.3390/ijms241814339.

Sun, Y; Wen, H; Tian, Y; Mao, X; Li, X; Li, J; Hu, Y;
Liu, Y; Lit, J; Li, Y (2021). HSP90 and HSP70
Families in Lateolabrax maculatus: Genome-Wide
Identification, Molecular Characterization, and
Expression Profiles in Response to Various
Environmental Stressors. Front. Physiol. 784803.
doi: 10.3389/fphys.2021.784803.

Swaleh, SB; Banday, UZ; Asadi, MA; Usmani, N
(2020). Biochemical Profile and Gene Expression
of Clarias gariepinus as a Signature of Heavy
Metal Stress. Environ Pollut. 264:114693. doi:
10.1016/j.envpol.2020.114693. Epub 2020 Apr 29.
PMID: 32380399.

Tenji, D; Micic, B; Sipos, S. Branko, M; Ivana, T,
Sonja, K (2020). Fish Biomarkers from A Different
Perspective: Evidence of Adaptive Strategy of
Abramis brama (L.) To Chemical Stress. Environ
Sci Eur 32, 47. https://doi.org/10.1186/s12302-
020-00316-7

Tian, G; Xie, M; Wang, B; Gao, W; Yuan, H; Wei, H;
Zhang, Y; XU (2021). Identification And
Expression of IlI-1B In the Endangered Dabry’s
Sturgeon (Acipenser dabryanus). Aquac. Rep. 20.
100698, ISSN 2352-5134,
https://doi.org/10.1016/j.aqrep.2021.100698

Tine, M (2017). Evidence of the Complexity of Gene
Expression Analysis in Fish. Wild Populations. Int.
J.  of Geno. ID 1258396, 14 pages.
https://doi.org/10.1155/2017/1258396.

Varghese, J; Ramenzoni, LL; Shenoyt, P; Nayak, UY;
Nayak, N; Attin, T; Schmidlin, PR. (2019). In Vitro
Evaluation of Substantivity, Staining Potential, and
Biofilm Reduction of Guava Leaf Extract Mouth
Rinse in Combination with its Anti-Inflammatory
Effect on Human Gingival Epithelial Keratinocytes.
Mater. (Basel). 12(23):3903. doi:
10.3390/ma12233903. PMID: 31779134; PMCID:
PMC6926775.

Wong, R; L’en’art, N; Hill, L; Toms, L; Coutts, G;
Martinecz, B; Csa’szat, E; Nyiri, G
Papaemmanouil, A; Waisman, A (2019).
Interleukin-1 Mediates Ischaemic Brain Injury Via
Distinct Actions on Endothelial Cells and
Cholinergic Neurons. Brain Behav. Immun.
76126-76138.

OGUNWOLE, G. A; KOLAWOLE, Y. F; AYIBIOWU, T. E; OYEWOLE, O. A



Molecular Toxicity of Popular Toothpaste Formulations..... 1158

Zhang, J; Li, F; Zhang, X; Xie, T; Qin, H; Lv, J; Gao, Zou, J; Secombes, CJ (2016). The Function of Fish

Y; Li, M; Gao, Y; Jia, Y (2023). Melatonin Cytokines. Biology (Basel). 24: 5(2):23. doi:
Improves Turbot Oocyte Meiotic Maturation and 10.3390/biology5020023. PMID:  27231948;
Antioxidant Capacity, Inhibits Apoptosis-Related PMCID: PMC4929537.

Genes mRNAs In Vitro. Antioxid. 12: 1389.

https://doi.org/10.3390/ antiox12071389. Zuo, H; Chen, L; Kong, M; Qiu, L; Lii, P; Wu, P; Chen,

YK (2018). Toxic Effects of Fluoride on
Organisms. Life Sci. 198:18-24.

OGUNWOLE, G. A; KOLAWOLE, Y. F; AYIBIOWU, T. E; OYEWOLE, O. A



