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Methylparaben (MeP), a widely used preservative in personal care products and pharmaceuticals, has
raised environmental concerns due to its potential toxicity to aquatic organisms. This study investigated
the effects of exposure to sub-lethal concentrations of MeP on the histological architecture of the gills,
livers, kidneys, and intestines of Clarias gariepinus. Fifteen (15) adult C. gariepinus with an average
weight of 1.15+0.21 kg were exposed to 0.74 or 1.48 mg/L MeP for 28 days after which the gills, livers,
kidneys, and intestines were excised for histopathological study. The control fish was maintained in water
not contaminated with MeP. There were no observable histopathological lesions in all the tissues in the
control group. The fish exposed to 0.74 mg/L had mild fusion of the gill filament, focal haemorrhage of
the liver parenchyma, moderate infiltration of inflammatory cells in the kidney interstitial spaces and
lamina propria of the intestine. However, there was congestion and mild haemorrhage of the gill arch,
severe glycogenic and lipid-filled hepatocytes, periglomerular infiltration of inflammatory cells of the
kidneys, and severe infiltration of the lamina propria of the intestine with lymphocytes at the highest
concentration (1.48 mg/L). The histopathological alterations observed in the tissues of C. gariepinus
exposed to sub-lethal concentrations of MeP provided valuable insights into the toxicological effects of
this preservative to aquatic animals. Hence, the use of methylparaben in these important products must be
regulated. , ,.

Highlights

= Methylparaben exposure caused organ specific damage in African catfish tissues.
= Gill, liver, kidney and intestinal structures were altered at sub-lethal MeP doses.
= Clarias gariepinus proved effective as a histolopathological biomarker in ecotoxicology.

1. Introduction

MeP is considered an emerging concern (Kang et al., 2013; Lee et al.,
2018; Karwacka et al., 2019; Merola et al., 2020; Wei et al., 2021).

Methylparaben (MeP) is one of the most commonly used

derivatives of parabens, as preservative in personal care products
(PCPs), pharmaceuticals and food commodities (Merola et al., 2020). It
is the most frequently used antimicrobial preservative in cosmetics due
to the early toxicity assessment that reported its low toxicity in mice
with a high lethal dose of more than 500 mg/kg (Mason et al., 1971;
Wei et al., 2021). However, recent studies have shown that MeP can
disrupt or modulate the endocrine system, even at low exposure levels,

Moreover, continuous production of cosmetics or PCPs with long
shelf-life has inadvertently increased the widespread use of MeP which
has led to the constant contamination of environmental matrices such as
surface water (Zhao et al., 2019), wastewater (Haman et al., 2015),
groundwater (Kapelewska et al., 2018), drinking water (Carmona et al.,
2014), air, and dust (Chen et al., 2018) thus suggesting increased risk of
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both human and aquatic animals to MeP exposure. The use of
histopathological study is, however, not yet fully exploited in the
assessment of tissue-level damage in aquatic animals due to MeP
exposures.

The African catfish (Clarias gariepinus) is a widely studied model
species in ecotoxicology due to its resilience, economic importance, and
high sensitivity to environmental pollutants (Omitoyin et al., 2006;
Adeyemi et al., 2020; Aliu et al., 2024; Imade et al., 2024). As a
benthopelagic species, C. gariepinus is frequently exposed to
contaminants that accumulate in aquatic habitats, making it an ideal
organism for assessing histopathological alterations induced by
xenobiotics, including MeP (David and Pancharatna, 2009; Aliu et al.,
2024; Imade et al., 2024). Some of the most commonly studied organs
for histopathological studies in fish species include the gills, livers, and
kidneys (Barse ef al., 2010; Ma et al., 2023; Yin et al., 2023; Akmal et
al., 2024).

The gills serve as the primary site for respiration, osmoregulation,
and excretion in fish. It is also one of the fish organs that have direct
contact with the immediate environment, making them highly
vulnerable to toxic substances in water (Nowak et al., 2018). Gills are
major biomarkers used in assessing fish health (Nascimento et al., 2012;
Marinovic et al., 2021). Liver is another vital organ that plays a central
role in detoxification and metabolism of toxicants. It is a key target
organ for toxicological studies and one of the most affected organs due
to aquatic toxicity (Stoyanova et al., 2020; Popovi¢ et al., 2023; Akmal
etal., 2024).

The kidney also functions in osmoregulation, excretion, and waste
filtration, making it highly susceptible to chemical toxicity. Studies
have shown the relevance of the kidney in histopathological study in
understanding various renal diseases including tumors, tubule
interstitium and glomerular diseases (El-Zaatari et al., 2020; Kashem et
al., 2025). The intestine is responsible for nutrient absorption and
immune defense, making it another critical target for toxicant-induced
histopathological changes (Boberg et al., 2010; Jing et al., 2023). The
impact of xenobiotics including MeP on fish intestines is less
documented. The present study therefore aimed at evaluating the
histopathological effects of MeP on the gills, livers, kidneys, and
intestines of African catfish, C. gariepinus.

2. Materials and Methods
Experimental animal

The experimental animals, adult African catfish, C. gariepinus (n =
15) with average weight and length of 1.15+0.21 kg and 44.46+2.82 cm
were purchased from a reputable fish farm in Etioro, Ondo State,
Nigeria, and transported to the Fish Hatchery Unit of the Department of
Animal and Environmental Biology, Adekunle Ajasin University,
Akungba-Akoko, Ondo State, Nigeria. They were acclimatized to
laboratory conditions for two weeks in a Low Density Polyethylene
(LDPE) tank containing 400 L of water at a stocking density of 5 fish
per tank, prior to the exposure to MeP. The fish were fed twice daily (9
am and 4 pm) with a commercial diet, Nutreco® (30% crude protein)
throughout acclimatization and experimentation periods. Unconsumed
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feed and fecal pellets were removed daily while the water was changed
twice a week.

Exposure of C. gariepinus to MeP

Methylparaben (MeP; CAS number: 99-76-3) was purchased from
Xilong Chemical, China, and the stock solution (1000 mg/L) was
prepared in absolute ethanol. The fish were divided into three groups
and allocated to different experimental tanks (n = 5 per tank). The fish
were exposed to 0 (control), 0.74, and 1.48 mg/L of MeP which
represent /20 and /10 of the 96 h LCso, respectively, which was earlier
determined as 14.79 mg/L. The fish exposure to MeP lasted for 28 days
in a static-renewal assay in which the culture media were renewed every
48 h. On the 28" day of exposure, the fish were sacrificed and the
organs such as the gills, livers, kidneys, and intestines were excised,
rinsed in normal saline solution, and fixed in 10% formaldehyde for 24
h for further histopathological analyses.

Histopathological analyses of the gills, liver, kidney, and intestine

The histopathological analyses of the fixed tissues followed the
procedures of Adeyemi et al. (2020). The fixed tissues were dehydrated
in ethanol gradients and then cleared in xylene solution. The tissues
were embedded in paraffin wax and the sections of the tissues were cut
into clean microscope slides at 7 pm thick using a rotary microtome.
The cut sections were stained with Haematoxylin and Eosin dyes, and
the stained slides were observed under a light microscope using x40
objective. The photomicrographs of the desired views were then taken.

3. Results

Histopathology of the gills section

The sections through the gills of the fish in the control and 0.74
mg/L groups showed normal gill arch (Plates 1a and 1b, respectively).
The cartilages were also normal. However, moderate fusion of gills
filaments was observed in the gills of the fish exposed to 0.74 mg/L
(Plate 1b). Moderate fusion of the gill filaments were also observed in
the fish exposed to 1.48 mg/L MeP (Plate 1¢) but the gills arch showed
congestion and mild haemorrhage. Sloughing of the epithelial lining
was also observed.
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Plate la. Photomicrograph (x40 objective) of gills section of C.
gariepinus (Control group), showing normal gill arch and the Lamellae
or filament (black arrow) containing normal pilaster cells, chloride cells
as well as normal epithelium (slender arrow). Normal cartilage of the

arch is also seen (white arrow).
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Plate 1b. Photomicrograph (x40 objective) of gill section of C.
gariepinus exposed to 0.74 mg/L, showing normal gill arch (black
arrow) and fused filament (green arrow). Normal cartilage of the arch is
also seen (white arrow).
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Plate 1c. Photomicrograph (x40 objective) of gill section of C.
gariepinus exposed to 1.48 mg/L, showing moderate fusion of the gill
filament at the apical part (black arrow), the epithelial lining of the

filament is sloughed (slender arrow), the arch show congestion (green
arrow) and mildly hemorrhagic.

Histopathology of the liver section

The sections through the liver of the control group showed normal
central venules and there was no infiltration of inflammatory cells (Plate
2a). The hepatocytes of the fish exposed to 0.74 mg/L MeP, however,
showed mild glycogenic cytoplasm. There was no infiltration of
inflammatory cells in liver of the fish that were exposed to 0.74 mg/L
and the central venule appear normal (Plate 2b). Also, the liver
parenchyma showed focal haemorrhage. The central venules of the liver
of fish exposed to 1.48 mg/L MeP were severely congested with
glycogenic and lipidogenic hepatocytes (Plate 2c). However, there was
no infiltration of inflammatory cells.

gariepinus (Control group), showing normal central venule (white
arrow), the morphology of the hepatocytes show mild glycogenic
cytoplasm (blue arrow), there is no infiltration of inflammatory cells.
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Plate 2c. Photomicrograph (x40 objective) liver section of C. gariepinus
exposed to 1.48 mg/L, showing severely congested central venules

(white arrow), the morphology of the hepatocytes show severe
glycogenic and lipid filled cytoplasm (blue arrow X400), there is no
infiltration of inflammatory cells.
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Plate 3a. Photomicrograph (x40 objective) of kidney section of C.
gariepinus (Control group), showing normal glomeruli (white arrow),

the renal tubules show moderate desquamation (blue arrow).

Histopathology of the kidney section

The control group showed normal glomeruli with moderate
desquamation of the renal tubules (Plate 3a). However, the renal tubules
of the fish exposed to 0.74 mg/L MeP showed hydropic and fatty
degeneration. The interstitial spaces showed moderate infiltration of
inflammatory cells (Plate 3b) while glomeruli of the fish exposed to
1.48 mg/L MeP showed peri-glomerular infiltration of the inflammed
cells (Plate 3c). The renal tubules show moderate desquamation and
some of the epithelia are fat-filled while interstitia were moderately
infiltrated by inflammatory cells and hematopoietic cells.
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Plate 2b. Photomicrograph (x40 objective) of liver section of C.
gariepinus exposed to 0.74mg/L, showing normal central venule (white
arrow), the morphology of the hepatocytes appear normal (blue arrow),
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there is no infiltration of inflammatory cells. The liver parenchyma
show focal haemorrhage (green arrow).

T 4 0

Plate 3b. Photomicrograph (x40 objective) of kidney section of C.
gariepinus exposed to 0.74 mg/L, showing glomeruli (white arrow) and
the renal tubules showing hydropic and fatty degeneration, the
interstitial spaces show moderate infiltration of inflammatory cells
(slender arrow).

gariepinus exposed to 1.48 mg/L, showing glomeruli with peri
glomerular infiltration of inflammatory cells(white arrow), the renal
tubules show moderate desquamation and some of their epithelia are fat
filled(blue arrow), the interstitium is moderately infiltrated by
inflammatory cells (slender arrow) amidst hematopoietic cells.

Histopathology of the intestinal section

The mucosal layer of the intestinal sections of the control group has
well preserved villi. The glands and the sub-mucosal layers appeared
normal (Plate 4a). However, the mucosal layer showed moderately
preserved villi in the intestine of fish exposed to 0.74 mg/L MeP (Plate
4b). The glands appeared normal but the lamina propria was mildly
infiltrated by inflammatory cells. Other layers such as the sub-mucosal
and circular muscularis layer appeared normal. The lamina propria of
the fish exposed to 1.48 mg/L MeP is severely infiltrated by
lymphocytes (Plate 4c) while the mucosal, sub-mucosal and circular
muscularis layer appear normal.
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Plate 4a. Photomicrograph (x40 objective) of intestine section of C.
gariepinus (Control group), showing normal mucosal layer with well-

preserved villi (white arrow), the glands appear normal (blue arrow), the
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submucosal layer appear normal (black arrow), the circular muscularis
layer (red arrow) appears normal.

Plate 4b. Photomicrograph (x40 objective) of intestine section of C.
gariepinus exposed to 0.74 mg/L, showing normal mucosal layer with
moderately preserved villi (white arrow), the glands appear normal
(blue arrow) but the lamina propria is mildly infiltrated by inflammatory
cells (slender arrow), the submucosal layer normal (black arrow), the
circular muscularis layer (red arrow) appears normal.

Plate 4c. Photomicrograph (x40 objective) of intestine section of C.
gariepinus exposed to 1.48 mg/L, showing normal mucosal layer with
well-preserved villi (white arrow), the glands appear normal (blue
arrow), the lamina propria is severely infiltrated by lymphocytes
(slender arrow), the submucosal layer appear normal (black arrow), the
circular muscularis layer (red arrow) appears normal.

4. Discussion

The histopathological analysis of fish organs is considered as a
suitable tool for evaluating the effects of pollutants on the organisms at
the tissue level (Adeyemi, 2013; Okomoda et al., 2013). Gills, which
serve as the primary site for gas exchange, are highly sensitive to
toxicants in the aquatic environments due to its direct contact with the
environment (Nowak et al., 2018). The histological changes in the gills
of C. gariepinus in this study were consistent with the observations in
Labeo rohita that were exposed to a similar concentration of
cthylparaben (Akmal et al., 2024). The observation of visible
histopathological lesions in the gills of MeP-exposed fish could be an
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early sign of structural alterations, which can affect the proper
functioning of the gills especially those related to gaseous exchange
(Turko et al., 2020).

Liver is a crucial metabolic organ in animals playing important
roles in xenobiotics biotransformation as well as detoxification (Darbre
and Harvey, 2008). The results from the study revealed the hepatotoxic
effects of MeP in C. gariepinus which was in form of various
histological changes in the liver structures. The results of this study
were supported by reports from similar studies that have shown
histological changes in the liver tissues following exposure to toxicant
substances (Li et al., 2022; Calisir et al., 2025).

The kidney plays a key role in osmoregulation and excretion,
making it a target for chemical toxicity (David and Pancharatna, 2009).
Normal glomeruli and renal tubules were observed in the control group,
though with moderate desquamation. This is, however, a natural process
of shedding of dead outer cells. The signs of hydropic and fatty
degeneration in the renal tubules, along with moderate inflammatory
infiltration in the interstitial spaces of the fish exposed to 0.74 mg/L
MeP indicated renal stress and impaired filtration capacity (Oishi, 2002).
Increased nephrotoxicity was evident in the kidney of the fish exposed
to 1.48 mg/L MeP with periglomerular infiltration of inflammatory cells,
fat accumulation in tubules, and significant interstitial inflammation.
The damage to the kidney tissues by MeP in this study corroborates
reports of similar studies with Labeo rohita and Orchorynchus mykiss
(Akmal et al., 2024; Calisir et al., 2025).

Intestine is essential for nutrient absorption and immune responses,
making it a relevant tissue for toxicological evaluation (Boberg et al.,
2010). The impact of MeP on fish intestinal architecture is less
documented. Observation of normal mucosal structure, well-preserved
villi, intact glands, and normal submucosal, and muscular layers in the
control group indicated a healthy gut environment. Although, the villi
and glands appeared structurally intact in the intestine of the fish
exposed to 0.74 mg/L MeP, however, mild infiltration of inflammatory
cells in the lamina propria suggested an early immune response to
paraben exposure, which has been observed in other studies on
chemical-induced gut inflammation (Silva et al., 2018). Moreover, the
severe lymphocytic infiltration within the lamina propria of 1.48 mg/L
group indicated an ongoing inflammatory response, which can lead to
intestinal dysfunction over prolonged exposure (Wald, 2010).

5. Conclusion

The findings from the study indicated that methylparaben has the
potentials to cause histological changes in the vital organs of C.
gariepinus with the severity of the tissue damages at higher exposure
concentration. These organs play important roles in the biochemical and
physiological activities of fish, as such changes to their structure would
adversely affect their functions since the functions of a particular organ
are dependent on its structure. These observations therefore call for a
stricter regulation on the usage and disposal of methylparaben in the
environment, especially in aquatic environment.

Acknowledgments

Authors acknowledged the support of Maryam Olaniran, Kayode
Balogun, Glory Adeka, Jumoke Adeniran, Ayomide Olugbadehan,

Science Research Annals—Biological Sciences 1(1), 1-7

Nasirudeen Abdulateef, and Ayodeji Eegunlusi during the experimental
setup and laboratory analyses.

Funding

This work was supported by the Tertiary Education Trust Fund
(TETFund) Academic Staff Training and Development Grant number
[TETFUND/DASTD/AKUNGBA-AKOKO/ASTD].

Competing Interest

Authors declared that they have no conflicting interest.

Data Availability Statement

All data reported in this study are presented in the results section in
the manuscript.

Ethics Approval

The experimental procedures were approved by the Research
Ethical Committee of the Adekunle Ajasin University, Akungba-Akoko,
Nigeria (Approval Number: 210323ERC1).

References

Adeyemi, J.A. (2013). Histopathological effects of infection with
Escherichia coli and Vibrio fischeri on some vital organs of
African catfish, Clarias gariepinus.
Engineering and Technology 3(1): 42-49.

Adeyemi, J.A., Machado, A.R.T., Ogunjimi, A.T., Alberici, L.C.,
Antunes, L.M.G. and Barbosa F.Jr. (2020). Cytotoxicity,
mutagenicity, oxidative stress and mitochondrial impairment in
human hepatoma (HepG2) cells exposed to copper oxide, copper-
iron oxide and carbon nanoparticles.
Environmental Safety 189: 109982.

Akmal, H., Ahmad, S., Abbasi, M.H., Jabeen, F. and Shahzad, K.
(2024). A study on assessing the toxic effects of ethyl paraben on
rohu (Labeo rohita) using different biomarkers; hemato-
biochemical assays, histology, oxidant and antioxidant activity and
genotoxicity. PLoS ONE 19(5): €0302691.
https://doi.org/10.1371/journal.pone.0302691

Aliu, C., Ajayi, 0.0., Olawuyi, T.S., Gbadamosi, O.K., Barbosa F. Jr,
Adedire, C.O., and Adeyemi, J.A. (2024). Tissue accumulation,
cytotoxicity, oxidative stress, and immunotoxicity in African
catfish, Clarias gariepinus exposed to sublethal concentrations of
hexavalent chromium. Biological Trace Element Research.1-14
https://doi.org/10.1007/s12011-023-03812-y

Barse, A. V., Chakrabarti, T., Ghosh, T.K., Pal, A.K., Kumar, N.,
Raman, R.P. and Jadhao, S.B. (2010). Vitellogenin induction and
histo-metabolic changes following exposure of Cyprinus carpio to
methylparaben. Asian-Aust. J. Anim. Sci. 23(12): 1557-1565.

Boberg, J., Taxvig, C., Christiansen, S., and Hass, U. (2010). Possible
endocrine-disrupting effects of parabens and their metabolites.
Reproductive Toxicology 30(2): 301-312.

Calisir, M., Gokhan N., and Emrah, C. (2025). Investigating
methylparaben’s oxidative stress effects on rainbow trout blood,
liver, and kidney toxicity. Onderstepoort Journal of Veterinary
Research 92 (1): 7.

Annals  of Science,

Ecotoxicology and


https://doi.org/10.1371/journal.pone.0302691
https://doi.org/10.1007/s12011-023-03812-y

Olatunji-Ojo et al.

Carmona, E., Andreu, V. and Pic6, Y. (2014). Occurrence of acidic
pharmaceuticals and personal care products in Turia River Basin:
from waste to drinking water. Sci. Total Environ. 484: 53-63.
https://doi.org/10.1016/j.scitotenv.2014.02.085

Chen, J., Hartmann, E.M., Kline, J., Wymelenberg, K.V.D., Halden,
R.U. (2018). Assessment of human exposure to triclocarban,
triclosan and five parabens in U.S. indoor dust using dispersive
solid phase extraction followed by liquid chromatography tandem
mass  spectrometry. J.  Hazard  Mater. 360:  623—
630. https://doi.org/10.1016/j.jhazmat.2018.08.014

Darbre, P.D. and Harvey, P.W. (2008). Paraben esters: Review of recent
studies of endocrine toxicity, absorption, esterase, and human
exposure, and discussion of potential human health risks. Journal
of Applied Toxicology 28(5): 561-578.

David, M. and Pancharatna, K. (2009). Toxicological effects of
pollutants on fish kidney: A histopathological approach. Aquatic
Toxicology, 12(3):199-205.

El-Zaatari, Z.M., Arora, K., Divatia, M.K., Ro, J.Y. (2020). Normal
anatomy and histology of the kidney: importance for kidney
tumors. In: Divata, M., Ozcan, A., Guo, C., Ro, J. (eds) Kidney
Cancer. Springer, Cham. https://doi.org/10.1007/978-3-030-
28333-9_3

Haman, C., Dauchy, X., Rosin, C. and Munoz, J.F. (2015). Occurrence,
fate and behavior of parabens in aquatic environments: a review.
Water Research 68: 1-11.

Imade, O., Ilesanmi, B.V., Ogunwole, G.O., Elekofehinti, O.0., Souza,
M.C.O., Barbosa, F. , Adedire, C.O. and Adeyemi, J.A. (2024).
“Effects of 2,4-dichlorophenol on non-specific immunity,
histopathological lesions, and redox balance in African Catfish,
Clarias gariepinus (Burchell, 1822).” Journal of Toxicology and
Environmental Health, Part A, DOI:
10.1080/15287394.2024.2339538

Jing, Y., Li, C., Du, T., Jiang, T., Sun, H, Yang, J., Shi, L., Gao, M.,
Grzegorzek, M. and Li, X. (2023). A comprehensive survey of
intestine histopathological image analysis using machine vision
approaches, Computers in Biology and Medicine 165: 107388.
https://doi.org/10.1016/j.compbiomed.2023.107388.

Kang, S., Kim, S., Park, J., Kim, H.J., Lee, J., Choi, G., Choi, S., Kim,
S.Y., Moon, H.B., Kho, Y.L. and Choi, K., (2013). Urinary
paraben concentrations among pregnant women and their matching
newborn infants of Korea, and the association with oxidative stress
biomarkers. Science Total Environment 461: 214-221.

Kapelewska, J., Kotowska, U., Karpinska, J., Kowalczuk, D.,
Arciszewska, A. and Swirydo, A. (2018). Occurrence, removal,
mass loading and environmental risk assessment of emerging
organic contaminants in leachates, groundwaters and wastewaters.
Microchemistry Journal 137: 292-301.

Karwacka, A., Zamkowska, D., Radwan, M. and Jurewicz, J. (2019).
Exposure to modern, widespread environmental endocrine
disrupting chemicals and their effect on the reproductive potential
of women: an overview of current epidemiological evidence.
Human Fertility (Camb) 22: 2-25.

Kashem, T.S., Begum, N.A.S., Rashid, H.U, Arefin, M.S.Uz-Z.,
Nomany, S., Nobi, F., Bari, A., Juthy, S.S., Momtarin, W., Mou, S.,
Yousuf, E. (2025). Histological diagnosis of kidney disease from
renal biopsy reports in a tertiary hospital of Bangladesh - A 5-year
observational study. Kidney International Reports 10: S1-S773.

Science Research Annals—Biological Sciences 1(1), 1-7

Lee, J., Bang, S.H., Kim, Y.H. and Min, J. (2018). Toxicities of four
parabens and their mixtures to Daphnia magna and Aliivibrio
fischeri, Environmental Health and Toxicology 33(4): 1-6.

Li, Y., Zhang, R., Xu, Z. and Wang, Z. (2022). Advances in
Nanoliposomes for the Diagnosis and Treatment of Liver Cancer.
Int. J. Nanomedicine 17: 909-925. doi: 10.2147/1JN.S349426.

Ma, Y., Li, Y., Song, X.,Yang, T.,Wang, H., Liang, Y., Huang, L. and
Zeng, H. (2023). Endocrine disruption of propylparaben in the
male mosquitofish (Gambusia affinis): Tissue injuries and
abnormal gene expressions of hypothalamic- pituitary-gonadal-
liver axis. Int. J. Environ. Res. Public Health 20: 3557.
https://doi.org/10.3390/ijerph20043557

Marinovic, Z., Miljanovic, B., Urbanyi, B. and Lujic, J. (2021). Gill
histopathology as a biomarker for discriminating
variations in  water quality. Appl.  Sci. 11:
https://doi.org/10.3390/app11209504

Mason, M.M., Cate, C.C. and Baker J. (1971). Toxicology and
carcinogenesis of various chemicals used in the preparation of
vaccines. Clinical Toxicology 4(2): 185-204.
https://doi.org/10.3109/15563657108990959

Merola, C., Perugini, M., Conte, A., Angelozzi, G., Bozzelli, M. and
Amorena, M. (2020). Embryotoxicity of methylparaben to
Zebrafish  (Danio carly-life  stages.
Biochemistry and Physiology 236: 1-5.

Nascimento, A., Araujo, F.G., Gomes, [.D. and Mendes, R.M.M. (2012).
Fish gills alterations as potential biomarkers of environmental
quality in a eutrophized tropical river in South-Eastern Brazil.

41(3): 209-216.

seasonal
9504.

rerio) Comparative

Anatomia Histologia Embryologia
DOI:10.1111/j.1439-0264.2011.01125.x

Nowak, B., Dykova, 1., and Sweetman, J. (2018). Fish histopathology
and health assessment in polluted aquatic environments.
Environmental Toxicology and Chemistry 37(1): 45-56.

Oishi, S. (2002). Effects of butylparaben on the male reproductive
system in rats. Toxicology and Industrial Health, 18(1): 19-24.
Okomoda, V. T., Ataguba, G. A. and Ayuba, V. O. (2013).
Hematological response of Clarias gariepinus fingerlings exposed
to acute concentrations of Sunsate®. Journal of Stress Physiology

and Biochemistry 9(2): 271-278.

Omitoyin, B.O., Ajani, E.K., and Fagbenro, O.A. (2006). Toxicity of
synthetic chemicals in Clarias gariepinus: Implications for
aquaculture. Nigerian Journal of Fisheries 2(1): 35-42.

Popovié, N.T., Cizmek, L., Babi¢, S., Strunjak-Perovié, I. and
Coz-Rakovac, R. (2023). Fish liver damage related to the
wastewater treatment plant effluents Environmental Science and
Pollution Research 30: 4873948768
https://doi.org/10.1007/s11356-023-26187-y

Silva, D., Serrano, L., Oliveira, T., Mansano, A., Almeida, E., and
Vieira, E. (2018). Effects of parabens on antioxidant system and
oxidative damages in Nile tilapia (Oreochromis niloticus).
Ecotoxicology and  Environmental  Safety 162:  85-91.
https://doi.org/10.1016/j.ecoenv.2018.06.076

Stoyanova, S., Georgieva, E.,Velcheva, 1., Iliev, 1., Vasileva, T.,
Bivolarski V., Tomov, S., Nyeste, K., Antal, L., and Yancheva, V.
(2020). Multi-biomarker assessment in common carp (Cyprinus
carpio, Linnaeus 1758) liver after acute chlorpyrifos exposure,
Water 12: 1837. doi:10.3390/w12061837


https://doi.org/10.1016/j.scitotenv.2014.02.085
https://doi.org/10.1016/j.jhazmat.2018.08.014
https://doi.org/10.1007/978-3-030-28333-9_3
https://doi.org/10.1007/978-3-030-28333-9_3
https://doi.org/10.3390/
https://doi.org/10.3390/app11209504
https://doi.org/10.3109/15563657108990959
https://doi.org/10.1007/s11356-023-26187-y
https://doi.org/10.1016/j.ecoenv.2018.06.076

Olatunji-Ojo et al.

Turko, A.J., Cisternino, B. and Wright, P.A. (2020). Calcified gill
filaments increase respiratory function in fishes. Proc. R Soc. Lond
B 287:2019-2796

Wald, A. (2010). The large bowl In: Brocklehurst’s textbook of
geriatric medicine and gerontology, Howard M. Fillit, Kenneth
Rockwood and Kenneth Woodhouse (eds).

Wei, F., Mortimer, M., Cheng, H., Sang, N. and Guo, L.H. (2021).
Parabens as chemicals of emerging concern in the environment and
humans: A review. Science of the Total Environment 778: 1-17

Yin, Y., Xie, Z., Sun, X.,Wu, X., Zhang, J., Shi, H., Ding, L., and Hong,
M. (2023). Effect of butylparaben on oxidative stress in the liver of
Mauremys sinensis. Toxics R 11:915.
https://doi.org/10.3390/toxics11110915

Zhao, X., Qiu, W., Zheng, Y., Xiong, J., Gao, C. and Hu, S. (2019).

Occurrence, distribution, bioaccumulation, and ecological risk of

bisphenol analogues, parabens and their metabolites in the Pearl River

Science Research Annals—Biological Sciences 1(1), 1-7
Estuary, South China. Ecotoxicol. Environ. Saf. 180: 43-52.

Copyright

Copyright on any article published by SRA-B is retained by the
author(s). Authors could also grant permission to third parties freely, as
long as adequate reference is made to the original SRA-B article.

How to Cite: Olatunji-Ojo, A. M., Odedeyi, D. O., Adedire C. O
and Adeyemi, J. A. (2025). Histopathological Alterations in Vital
Organs of African Catfish, Clarias gariepinus (Burchell 1822)
Exposed to Sub-lethal Concentrations of Methylparaben. Science
Research Annals—Biological Sciences, 1(1), 1-7.

https://doi.org/10.63112/qg90dn93



https://doi.org/10.3390/toxics11110915

	ARTICLE INFORMATION
	ABSTRACT
	Highlights
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	Funding
	Competing Interest
	Data Availability Statement
	Ethics Approval
	References
	Copyright

