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Abstract 

Reproductive dysfunctions in several fish species have been linked to 
eutrophication due to the presence of cyanobacteria which contain biotoxins 
known as microcystins. In this study, microcystin-LR (MC-LR) from 
microcystins cells was isolated from water samples of Eleyele and Iju rivers, 
as well as two Clarias gariepinus fish ponds (Pond A was fed on poultry 
dropping, while Pond B was fed on artificial feed). C. gariepinus fish samples 
from the four sources were compared based on the histopathology of the liver 
and gill tissues (using haematoxylin and eosin stain, viewed under a binocular 
dissecting microscope) and growth exponent using Le Cren’s cube law, and 
condition factors of the fish specimens were determined using Fulton’s 
formula. The mean microcystis cells in the water samples from the four 
sources were determined by chromatographic separation using Varian 
ProStar 330 Diode Array Detector. The order of microcystis cells in the sites 
was Iju River> Pond B> Pond A> Eleyele River. The condition factors among 
the fish were in the order of Pond A> Eleyele River> Pond B> Iju River. 
Consistently, histopathological alterations in the liver, gills and muscles were 
most observed in samples from Iju River and Pond B. These fishes also 
exhibited marked slenderness characterized by growth exponent <3. The 
relative robustness of fish from Pond B, followed by Eleyele River, is 
attributable to relatively low concentrations of MC-LR in the water coupled 
with purposeful feeding of the fish in captivity, compared to the natural 
habitats where fish forages based on the availability of food. The study 
provides data for informed decisions on the proper management of fish 
contamination with microcystins in aquaculture facilities and natural aquatic 
habitats. 

 This is a preview of subscription content, log in via an institution  to check 
access. 



References 

 Aaron, T., Alberto, J. S., Nicolas, A., Arlette, A., López-Hernández, J. 
C., & Jesus, B. (2017). Gonadal hispathology of fish from La Polvora 
Urban Lagoon in the Grijalva Basin, Mexico. Revista Internacional de 
Contaminacion Ambiental, 33(4), 713–717. 

Google Scholar  

 Abdel-Moneim, A. M., Al-Kahtani, M. A., & Elmenshawy, O. M. (2012). 
Histopathological biomarkers in gills and liver of Oreochromis 
niloticus from polluted wetland environments. Saudi Arabia 
Chemosphere, 88(2012), 1028–1035. 

Google Scholar  

 Adegbola, I. P., Aborisade, B. A., & Adetutu, A. (2021). Health risk 
assessment and heavy metal accumulation in fish species (Clarias 
gariepinus and Sarotherodon melanotheron) from industrially polluted 
Ogun and Eleyele Rivers, Nigeria. Toxicology Reports, 8, 1445–1460. 

Google Scholar  

 Adewale, A., Adegbola, P. I., Owoade, A. O., & Aborisade, A. B. (2022). 
Fish as a bioindicator of polycyclic aromatic hydrocarbon pollution in the 
aquatic ecosystem of Ogun and Eleyele Rivers, Nigeria, and risk 
assessment for consumer’s health. Journal of Hazardous Materials 
Advances, 7, 100096. 

Google Scholar  

 Akan, J. C., Salwa, M., Yikala, B. S., & Chellube, Z. M. (2012). Study on 
the distribution of heavy metals in different tissues of fishes from river 
benue in Vinikilang, Adamawa state. British Journal of Applied Science 
and Technology, 2(4), 311–333. 

Google Scholar  

 Akindele, S. O. (1996). Basic experimental designs in agricultural 
research (pp. 25–30). Montem Paperbacks. 

Google Scholar  



 Atencio, L., Moreno, I., Pietro, A. I., Moyano, R., Molina, A. M., & 
Camean, A. M. (2008). Acute effects of microcystins MC-LR and MC-
RR on acid and alkaline phosphatase activities and pathological 
changes in intraperitoneally exposed tilapia fish (Oreochromis 
sp.). Toxicologic Pathology, 36, 449–458. 

Google Scholar  

 APHA. (1998). Standard methods for the examination of water and 
wastewater. American Public Health Association, 20th edition, 
Washington. D.C. 

Google Scholar  

 Balasubramanian, R., & Pavagadhi, S. (2013). Toxicological evaluation 
of microcystins in aquatic fish species: Current knowledge and future 
directions. Aquatic Toxicology, 142–143(2013), 1–16. 

Google Scholar  

 Bouaicha, N., Maatouk, I., Plessis, M. J., & Perin, F. (2005). Genotoxic 
potential of microcystin-LR and nodularin in vitro in primary cultured rat 
hepatocytes and in vivo in rat liver. Environmental Toxicology, 20(3), 
341–347. 

Google Scholar  

 Campos, A., & Vasconcelos, V. (2010). Molecular mechanisms of 
microcystin toxicity in animal cells. International Journal of Molecular 
Sciences, 11(1), 268–287. 

Google Scholar  

 Chen, J., Zhang, D., Xie, P., Wang, Q., & Ma, Z. (2009). Simultaneous 
determination of microcystin contaminations in various vertebrates (fish, 
turtle, duck and water bird) from a large eutrophic Chinese Lake, Lake 
Taihu, with toxic Microcystis blooms. Science of the Total Environment, 
407, 3317–3322. 

Google Scholar  

 Chia, A. M., Oniye, S. J., Ladan, Z., Lado, Z., Pila, A. E., Inekwe, V. U., 
& Mmerole, J. U. (2009). A survey for the presence of microcystins in 



aquaculture ponds in Zaria, Northern-Nigeria: Possible public health 
implication. African Journal of Biotechnology, 8(22), 6282–6289. 

Google Scholar  

 Corriero, A., Medina, A., Mylonas, C. C., Abascal, F. J., Deflorio, M., & 
Aragón, L. (2007). Histological study of the effects of treatment with 
gonadotropin-releasing hormone agonist (GnRHa) on the reproductive 
maturation of captive-reared Atlantic bluefin tuna (Thunnus 
thynnus L.). Aquaculture, 272, 675–686. 

Google Scholar  

 Deng, D. F., Zheng, K. K., The, F. C., Lehman, P. W., & The, S. (2010). 
Toxic threshold of dietary microcystin (-LR) for quart medaka. Toxicon, 
55(4), 787–794. 

Google Scholar  

 Dey, S., Rajguru, U., Pathak, D. C., & Goswami, U. C. (2015). Analysis 
of gill structure from a fresh water fish (Heteropneustes fossilis) 
exposed to bleached sulfite pulp mill effluents. Microscopy and 
Microanalysis, 21(2), 385–391. 

Google Scholar  

 Drobac, D., Tokodi, N., Lujic, J., Marinovic, Z., Subakov-Simic, G., 
Dulic, T., Vazic, T., Nybom, S., Meriluoto, J., Codd, G. A., & Svircev, Z. 
(2016). Cyanobacter. Differential growth patterns of Clarias 
gariepinus, Heterobranchus bidorsalis and hybrid Heteroclarias fed 
commercially prepared diets. Agriculture and Biology Journal of North 
America, 1, 658–661. 

Google Scholar  

 Feist, S. W., Stentiford, G. D., Kent, M. L., Ribeiro-Santos, A., & 
Lorence, P. (2015). Histopathological assessment of liver and gonad 
pathology in continental slope fish from the Northeast Atlantic 
Ocean. Marine Environmental Research, 106, 42–
50. https://doi.org/10.1016/j.marenvres.2015.02.004 

Article Google Scholar  



 Fischer, W. J., & Dietrich, D. R. (2000). Pathological and biochemical 
characterization of microcystin-induced hepatopancreas and kidney 
damage in carp (Cyprinus carpio). Toxicology and Applied 
Pharmacology, 164, 73–81. 

Google Scholar  

 Fischer, E., De Vlas, S., Meima, A., Habbema, D., & Richardus, J. 
(2010). Different mechanisms for heterogeneity in leprosy susceptibility 
can explain disease clustering within households. PLoS One, 5(11), 
e14061. 

Google Scholar  

 Grosse, Y., Baan, R., Straif, K., Secretan, B., El Ghissassi, F., & 
Cogliano, V. (2006). Carcinogenicity of nitrate, nitrite, and 
cyanobacterial peptide toxins. The Lancet Oncology, 7(8), 628–629. 

Google Scholar  

 Hardy, F. J., Johnson, A., Hamel, K., & Preece, E. (2015). Cyanotoxin 
bioaccumulation in freshwater fish, Washington State, 
USA. Environmental Monitoring and Assessment, 187, 667. 

Google Scholar  

 Humpage, A., & Burch, M. (2007). Blue-green algae: Toxicity and public 
health significance. Public Health Bulletin, 4(2), 25–28. 

Google Scholar  

 Isibor, P. O. (2017a). Haematology of Clarias gariepinus of exposed to 
microcystin-LR. Beni-Seuf University Journal of Basic and Applied 
Sciences. https://doi.org/10.1016/j.bjbas.2017.03.005 

 Isibor, P. O. (2017b). Oxidative stress biomarkers in Clarias 
gariepinus (Burchel, 1822) exposed to microcystin-LR. Beni-Suef 
University Journal of Basic and Applied Sciences, 6, 69–
76. https://doi.org/10.1016/j.bjbas.2017.01.005 

Article Google Scholar  

 Isibor, P. O., & Imoobe, T. O. T. (2017). Comparative analysis of 
contaminability between Clarias gariepinus and Tilapia mariae. Annual 



Research and Review in Biology, 16(5), 1–
14. https://doi.org/10.9734/ARRB/2017/34920 

Article Google Scholar  

 Jos, A., Picardo, S., Prieto, A. I., Repetto, G., Vazquez, C. M., Monero, 
I., & Camean, A. M. (2005). Toxic cyanobacterial cells containing 
microcystins induce oxidative stress in exposed tilapia fish 
(Oreochromis sp.) under laboratory conditions. Aquatic Toxicology, 72, 
261–271. 

Google Scholar  

 Khan, S., Khan, M. A., Miyan, K., & Mubark, M. (2011). Length weight 
relationships for nine freshwater teleosts collected from River Ganga, 
India. Journal of Zoological Research, 7(6), 401–405. 

Google Scholar  

 Khoshnood, Z. (2015). Histopathological alterations in the kidney of 
Caspian kutum, Rutilus frisii kutum, larvae and fingerlings exposed to 
sublethal concentration of atrazine. Bulletin of Environmental 
Contamination and Toxicology, 94, 158–163. 

Google Scholar  

 Lack, E. E., Travis, W. D., & Oertel, J. E. (1990). Adrenal cortical 
nodules, hyperplasia, and hyperfunction. In E. E. Lack (Ed.), Pathology 
of the adrenal glands (pp. 75–113). Churchill Livingstone. 

Google Scholar  

 Lawrence, J. F., & Menard, C. (2001). Determination of microcystins in 
blue-green algae, fish and water using liquid chromatography with 
ultraviolet detection after sample clean-up employing immunoaffinity 
chromatography. Journal of Chromatography. A, 922, 111–117. 

Google Scholar  

 Le-Cren, E. D. (1951). The weight-length relationship and seasonal 
cycle in gonad weight and the condition in Perch (Perca fluviatilis). The 
Journal of Animal Ecology, 20, 201–219. 

Google Scholar  



 Li, L., Xie, P., Lei, H., & Zhang, X. (2013). Renal accumulation and 
effects of intraperitoneal injection of extracted microcystins in 
omnivorous crucian carp (Carassius auratus). Toxicon, 70, 62–69. 

Google Scholar  

 Lowe, J., Souza-Menezes, J., Freire, D. S., Mattos, L. J., Castiglione, R. 
C., Barbosa, C. M. L., Santiago, L., Ferrão, F. M., Cardoso, L. H. D., da 
Silva, R. T., Vieira-Beiral, H. J., Vieyra, A., Morales, M. M., Azevedo, S. 
M. F. O., & Soares, R. M. (2012). Single sublethal dose of microcystin-
LR is responsible for different alterations in biochemical, histological and 
physiological renal parameters. Toxicon, 59(6), 601–609. 

Google Scholar  

 Lujić, J., Matavulj, M., Poleksić, V., Rašković, B., Marinović, Z., Kostić, 
D., & Miljanović, B. (2015). Gill reaction to pollutants from the Tamiš 
Riverinthree freshwater fish species, Esox lucius L. 1758, Sander 
lucioperca (L. 1758) and Silurus glanis L. 1758: A comparative 
study. Anatomia, Histologia, Embryologia, 44(2), 128–137. 

Google Scholar  

 Mylonas, C., Fostier, A., & Zanuy, S. (2010). Broodstock management 
and hormonal manipulations of fish reproduction. General and 
Comparative Endocrinology, 165, 516–
534. https://doi.org/10.1016/j.ygcen.2009.03.007 

Article Google Scholar  

 Neumann, T., Konietzka, I., van de Sand, A., Aker, S., Schulz, R., & 
Heusch, G. (2000). Identification of necrotic tissue by phase–contrast 
microscopy at an early stage of acute myocardial infarction. Laboratory 
Investigation, 80, 981–982. 

Google Scholar  

 Newcombe, G., Chorus, I., Falconer, I., & Lin, T. (2012). Cyanobacteria: 
Impacts of climate change on occurrence, toxicity and water quality 
management. Water Research, 46, 1347–1348. 

Google Scholar  



 Office of Environmental Health Hazard Assessment (OEHHA). 
(2009). Microcystins: A brief overview of their toxicity and effects, with 
special reference to fish, wildlife, and livestock (p. 17). Department of 
Water Resources Agency, California Environmental Protection Agency. 

Google Scholar  

 Olayinka, O. O., Adedeji, H. O., Akinyemi, A. A., & Oresanya, O. J. 
(2017). Assessment of the pollution status of Eleyele Lake, Ibadan, Oyo 
State, Nigeria. Journal of Health and Pollution, 7(15), 51–62. 

Google Scholar  

 Oyedeji, M. B. (2019). Measurement model of water pollution: A study 
case on Eleyele reservoir in Oyo State, Nigeria. Annals Computer 
Science Series, 17(2), E115–E117. 

Google Scholar  

 Paerl, H. W., & Otten, T. G. (2013). Harmful cyanobacterial blooms: 
Causes, consequences, and controls. Microbial Ecology, 65, 995–1010. 

Google Scholar  

 Parase, P., & Mengunphan, K. (2015). Growth performance, length-
weight relationship and condition factor of backcross and reciprocal 
hybrid catfish reared in net cages. International Journal of Zoological 
Research, 11(12), 57–64. 

Google Scholar  

 Peng, L., Wang, G., Liao, W., Yao, H., Huang, S., & Li, Y. Q. (2010). 
Intracellular ethanol accumulation in yeast cells during aerobic 
fermentation: A Raman spectroscopic exploration. Letters in Applied 
Microbiology, 51(6), 632–638. 

Google Scholar  

 Pham, T., & Utsumi, M. (2018). An overview of the accumulation of 
microcystins in aquatic ecosystems. Journal of Environmental 
Management, 213, 520–529. 

Google Scholar  



 Ralls, K., & Ballou, J. D. (2013). Captive breeding and reintroduction. 
In Encyclopedia of biodiversity (2nd ed.). Academic Press. 

Google Scholar  

 Rathod, S. R., Shinde, S. E., & More, P. R. (2011). Length-weight 
relationship in Salmostoma navacula and Channa maurulius Godavari 
River at Kaigaon Toka, Dist. Aurangabad (M.S.) India. Recent Research 
in Science and Technology, 3(3), 104–106. 

Google Scholar  

 Rodríguez-Barreto, D., Jerez, S., Cejas, J. R., Martin, M., Acosta, N. G., 
& Bolaños, A. (2014). Ovary and egg fatty acid composition of greater 
amberjack broodstock (Seriola dumerili) fed different dietary fatty acids 
profiles. European Journal of Lipid Science and Technology, 116, 584–
595. 

Google Scholar  

 Rosenfeld, H., Mylonas, C. C., Bridges, C. R., Heinisch, G., Corriero, A., 
& Vassallo-Agius, R. (2012). GnRHa-mediated stimulation of the 
reproductive endocrine axis in captive Atlantic bluefin tuna, Thunnus 
thynnus. General and Comparative Endocrinology, 175, 55–
64. https://doi.org/10.1016/j.ygcen.2011.09.013 

Article Google Scholar  

 Shubin, A. V., Demidyuk, I. V., Komissarov, A. A., Rafieva, L. M., & 
Kostrov, S. V. (2016). Cytoplasmic vacuolization in cell death and 
survival. Oncotarget, 7(34), 55863–55889. 

Google Scholar  

 STECF. (2014). Scientific, Technical and Economic Committee for 
Fisheries. The economic performance of the EU aquaculture sector 
(STECF 14–18). Publications Office of the European Union, 
Luxembourg, EUR 27033 EN, JRC 93169. 451 pp. 

Google Scholar  

 Steiner, A. B., Kim, T., Cabot, V., & Hudspeth, A. J. (2014). Dynamic 
gene expression by putative hair-cell progenitors during regeneration in 



the zebrafish lateral line. Proceedings of the National Academy of 
Sciences of the United States of America, 111, E1393–E1401. 

Google Scholar  

 Svirčev, Z., Drobac, D., Tokodi, N., Vidović, M., Simeunović, J., 
Miladinov-Mikov, M., & Baltić, V. (2013). Epidemiology of primary liver 
cancer in Serbia and possible connection with cyanobacterial 
blooms. Journal of Environmental Science and Health. Part C, 31(3), 
181–200. 

Google Scholar  

 Svircev, A. M., Castle, A. J., & Lehman, S. M. (2015). Bacteriographs of 
control of phytopathogens in food production systems. In M. W. Griffiths 
& P. M. Sabour (Eds.), Bacteriophages in control of food- and 
waterborne pathogens (pp. 79–102). ASM Press. 

Google Scholar  

 Wilson, A. E., Gossiaux, D. C., Hook, T. O., Berry, J. P., Landrum, P. F., 
Dyble, J., & Guildford, S. J. (2008). Evaluation of the human health 
threat associated with the hepatotoxin microcystin in the muscle and 
liver tissues of yellow perch (Perca flavescens). Canadian Journal of 
Fisheries and Aquatic Sciences, 65, 1487–1497. 

Google Scholar  

 World Health Organization. (1998). Guidelines for drinking-water quality: 
Addendum to Volume 2: Health criteria and other supporting 
information. The Organization. 

Google Scholar  

 Zegura, B., Straser, A., & Filipič, M. (2011). Genotoxicity and potential 
carcinogenicity of cyanobacterial toxins—A review. Mutation Research, 
727, 16–41. 

Google Scholar  

 Zupa, R., Rodríguez, C., Mylonas, C. C., Rosenfeld, H., Fakriadis, I., 
Papadaki, M., Pérez, J. A., Pousis, C., Basilone, G., & Corriero, A. 
(2017). Comparative study of reproductive development in wild and 



captive-reared greater amberjack Seriola dumerili (Risso, 1810). PLoS 
One, 12(1), e0169645. https://doi.org/10.1371/journal.pone.0169645 

Article Google Scholar  

Download references 

Author information 

Authors and Affiliations 

1. Department of Biological Sciences, Covenant University, Ota, 
Ogun State, Nigeria 
Patrick Omoregie Isibor, Onwaeze Oritseweyinmi Ogochukwu, Paul 
Akinduti & Obafemi Yemisi 

2. Department of Public Health, University of South Wales, Cardiff, 
UK 
David Osagie Agbontaen 

3. Department of Physics, Covenant University, Ota, Ogun State, 
Nigeria 
Adagunodo Theophilus Aanuoluwa 

4. Department of Pure and Applied Zoology, Federal University of 
Agriculture, Abeokuta, Nigeria 
Dedeke Gabriel Akinwumi 

5. Department of Zoology, University of Lagos, Lagos, Nigeria 
Akinsanya Bamidele 

Editor information 

Editors and Affiliations 

1. Department of Biological Sciences, Covenant University, Ota, 
Ogun State, Nigeria 
Patrick Omoregie Isibor 

2. Department of Biological Sciences, Covenant University, Ota, 
Ogun State, Nigeria 
Paul Akinduti 

3. Department of Biological Sciences, Covenant University, Ota, 
Ogun State, Nigeria 
Solomon U. Oranusi 

4. Department of Biological Sciences, Bowen University, Iwo, Osun 
State, Nigeria 
Jacob O. Popoola 



Rights and permissions 

Reprints and permissions 

Copyright information 

© 2023 The Author(s), under exclusive license to Springer Nature Switzerland 
AG 

About this chapter 

Cite this chapter 

Isibor, P.O. et al. (2023). Histology, Condition Factor, and Bioaccumulation 
Analysis of Clarias gariepinus (Burchell, 1822) Exposed to MC-LR. In: Isibor, 
P.O., Akinduti, P., Oranusi, S.U., Popoola, J.O. (eds) Biotechnological 
Approaches to Sustainable Development Goals. Springer, Cham. 
https://doi.org/10.1007/978-3-031-33370-5_4 

Download citation 

 .RIS 
 .ENW 
 .BIB 

 DOIhttps://doi.org/10.1007/978-3-031-33370-5_4 
 Published30 July 2023 
 Publisher NameSpringer, Cham 
 Print ISBN978-3-031-33369-9 
 Online ISBN978-3-031-33370-5 
 eBook PackagesBiomedical and Life SciencesBiomedical and Life Sciences 

(R0) 

Publish with us 

Policies and ethics 

Access this chapter 

Log in via an institution  



Chapter 
EUR 29.95 

Price includes VAT (Nigeria) 

 Available as PDF 
 Read on any device 
 Instant download 
 Own it forever 

Buy Chapter 
eBook 

EUR 117.69 
Hardcover Book 

EUR 149.99 
Tax calculation will be finalised at checkout 

Purchases are for personal use only 
Institutional subscriptions  

 Sections 
 References 

 Abstract 
 References 
 Author information 
 Editor information 
 Rights and permissions 
 Copyright information 
 About this chapter 
 Publish with us 

Discover content 

 Journals A-Z 

 Books A-Z 

Publish with us 

 Publish your research 

 Open access publishing 



Products and services 

 Our products 

 Librarians 

 Societies 

 Partners and advertisers 

Our imprints 

 Springer 

 Nature Portfolio 

 BMC 

 Palgrave Macmillan 

 Apress 

 Your privacy choices/Manage cookies 

  

 Your US state privacy rights 

  

 Accessibility statement 

  

 Terms and conditions 

  

 Privacy policy 

  

 Help and support 

165.73.223.224 



Covenant University Ota (3006481499) 

 
© 2024 Springer Nature 
 


