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Abstract

Background: Sexual dimorphism in metabolic and oxidative stress markers of Clarias gariepinus and Heterobranchus
longifilis found in southwest Nigeria was investigated. C. garepinus and H. longifilis broodstock weighing 2.54 ± 0.12
and 2.11 ± 0.15 kg consisting of 20 males and females each per species were sourced from southwest Nigeria.
Fishes conditioned conditioning for breeding, blood samples were collected, and serum obtained to assess
metabolic and oxidative stress indices using standard procedures.

Results: The results obtained show that serum albumin, triglyceride, low-density lipoprotein, alanine aminotransferase,
and total antioxidant activity of Clarias garepinus were significantly (p < 0.05) higher than Heterobranchus longifilis.
Superoxide dismutase of males was significantly (p < 0.05) superior to females in both species. The total antioxidant
activity of males was significantly (p < 0.05) superior to females in Heterobranchus longifilis. Serum catalase, glutathione
peroxidase and lipid peroxidation were not affected by sex and species differences. Superoxide dismutase activity and
some non-enzyme antioxidants could account for superior total antioxidant activity in males despite similar lipid
peroxidation.

Conclusion: Catfish broodstocks of Heterobranchus longifilis possess superior total antioxidant activity than Clarias
gariepinus owing to its superior non-enzyme antioxidants fraction. In both clariid species, males have better antioxidant
defence than females.
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Background
The projected increase in world population, high prefer-
ence for fish, and fisheries product in Africa account for
growth in global demand for fish (FAO, 2000). Clarias
gariepinus and Heterobranchus longifilis are the two
commonly cultured Clariid fish and are aquaculture can-
didate to narrow the gap between demand and supply of
animal protein in developing countries (Bichi, Isyaku,

Danba, Kurawa, & Nayawo, 2014). They are reared all
over Nigeria and have excellent commercial value in the
markets (Owodeinde & Ndimele, 2011). Clarias gariepi-
nus is a tasty, hardy, efficient feed converter that grows
to 7.0 kg and can tolerate poor water quality conditions.
In comparison, Heterobranchus spp. can grow to a size
of about 14.0 kg (Idodo-Umeh, 2003). Methods of artifi-
cial seed propagation of African catfish are costly in
Nigeria, and hatchery operators are usually scared of the
vast quantities of spawning hormone required for in-
duced breeding and high price due to the large size of
broodstock (Bichi et al., 2014).

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: abubakarjimoh2011@gmail.com
1Animal Production Unit, Agricultural Technology Department, Federal
Polytechnic Ado Ekiti, Ado Ekiti, Ekiti State, Nigeria
Full list of author information is available at the end of the article

The Journal of Basic
and Applied Zoology

Jimoh et al. The Journal of Basic and Applied Zoology           (2021) 82:28 
https://doi.org/10.1186/s41936-021-00230-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s41936-021-00230-1&domain=pdf
http://orcid.org/0000-0001-8204-5816
http://creativecommons.org/licenses/by/4.0/
mailto:abubakarjimoh2011@gmail.com


Oxidative stress is an unavoidable aspect of aerobic
life, with elevated production of reactive oxygen species
(ROS) the leading cause, with mitochondrial respiration
being the primary endogenous ROS source (Odo et al.,
2017). The extent of malonaldehyde (MDA) is deter-
mined by a balance between oxidants’ production and
removal/scavenging of those oxidants by antioxidants.
Oxidative stress biomarkers have been used to assess the
responses of aquatic organisms to various biotic
stressors (pathogenic microbes) and environmental per-
turbations (heavy metals, salinity fluctuations, and herbi-
cides) (Adeyemi, 2014). Most reports on oxidative stress
in African catfish in response to environmental stressors
do not account for gender differences in the animals’
biological system and defence. The possibility of gender
differences in oxidative biomarkers might influence the
narrative or implications of reports. It is imperative to
establish these facts for future research outlays. There
has been a scarcity of data on sex differences in African
catfish’s performance traits raised in pond cultures
(Chwastowska-Siwiecka et al., 2016). African catfish
(Clarias gariepinus and Heterobranchus longifilis), des-
pite the economic importance of these species, little is
known about their natural populations’ genetic back-
ground for short differentiation and determination of
the genetic connection between them (Suleiman, 2017).
The sensitivity of fish to stress differs markedly among
species, and the degree of stress affects reproductive per-
formance in broodstock (Sule, 2010). This study aims to
assess sexual dimorphism in oxidative stress markers of
two clariid species in Southwest Nigeria.

Methods
Experimental animals and management
Forty catfish broodstock each of C. garepinus (CG) and
H. longifilis (HL) (20 males and 20 females per species)
were procured from reputable breeder farms in Ogun
Osun, Ekiti, and Ondo State Nigeria. All the broodstocks
were of similar weight of 2.54 ± 0.12 and 2.11 ± 0.15 kg
for C. garepinus and H. longifilis. The basis for selecting
the broodstocks was the readiness of the genitals; the
gravid female was based on swollen, reddish genital
opening while the male was based on reddish and
pointed genital papillae. Brood stocks were transported
in plastic troughs from the farms to the fisheries labora-
tory. Brood stocks were acclimated and conditioned in
separate tanks for 1 week and were fed with 40% crude
protein commercial pelleted feed at 3% body weight
twice daily at 9.00 and 18.00 h.

Blood sample collection and assay
The broodstock was for breeding. Fasting blood samples
were collected from all fishes into plain sample bottles
before the breeding commenced. Blood samples were

centrifuged at 3000 rpm for 15 min immediately to ob-
tain serum. The serum was assayed for glucose, albumin,
cholesterol, high-density lipoprotein (HDL), triglycerides,
low-density lipoprotein (LDL), creatinine, Alkaline phos-
phatase (ALP), aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) using Calbiotech, Inc.,
Biochemical Kit and its designated protocol. The oxida-
tive markers such as total antioxidant activity, lipid per-
oxidation, catalase (CAT), glutathione peroxidase (GPx),
and superoxide dismutase (SOD) were assayed as de-
scribed in Jimoh (2019).
Determination of serum total antioxidant activities was

carried out according to Koracevic, Koracevic, Djordje-
vic, Andrejevic, and Cosic (2001), the reactive mixture
containing 0.5 mL of a (10 mmol/L) Na-Benzoate, 0.2
mL of H2O2 (10 mmol/L), 0.49 ml of phosphate buffer
(100 mmol/L, pH = 7.4) (prepared by mixing 19.5 ml of
KH2PO4 (100 mmol/L) with 80.5 ml of Na2HPO4 (100
mmol/L), then adjusted the pH to 7.4 and 0.2 ml of Fe-
EDTA complex (2 mmol/L) (prepared freshly by mixing
equal volumes of EDTA (2 mmol/L). Ferrous ammo-
nium sulfate (2 mmol/L), then left at 25 °C for 60 min.
Ten microliters of the blood serum was added to the lat-
ter reactive mixture and was incubated at 37 °C for 60
min. Finally, 1 ml glacial acetic acid (20 mmol/L) and 1
ml thiobarbituric acid (0.8% w/v in 100 ml of 50 mmol/
L NaOH) were added, and the absorbance at 532 nm
was measured spectrophotometrically after incubation at
100 °C for 10 min. Total antioxidant capacity was calcu-
lated according to the following formula:

Total antioxidant activity mmol=Lð Þ
¼ CUAð Þ K - Að Þ= K - UAð Þ

Where CUA (mmol/L); concentration of uric acid; K:
absorbance of the control (K1 − K0); A: absorbance of
the sample (A1 − A0); UA: absorbance of uric acid solu-
tion (UA1 − UA0)
In the assay for lipid peroxidation, the reaction mix-

ture in a total volume of 3.0 ml contained 1.0 ml serum
and 1.0 ml of TCA (0.67%). All the test tubes were
placed in a boiling water bath for 45 min. The tubes
were shifted to the ice bath and then centrifuged at 2500
rpm for 10 min. The amount of malondialdehyde
formed in each of the samples was assessed by measur-
ing the supernatant’s optical density at 532 nm.

Superoxide dismutase
The reaction mixture includes 2.1 ml of 50 mM buffer,
0.02 ml of enzyme source, and 0.86 ml of distilled water.
The reaction was initiated with 0.02 ml of 10 mM pyro-
gallol, and change in absorbance monitored at 420 mm.
One unit of SOD is defined as that amount of enzyme
required to inhibit to auto-oxidation of pyrogallol by
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50% in the standard assay system of 3 ml. The specific
activity is expressed as unit/min/mg protein.

Glutathione peroxidase activity
0.5 ml of 0.4 M buffer, pH 7.0, 0.2 ml enzyme source,
0.2 ml of 2 mM GSH, and 0.1 ml of 0.2 mM H2O2 were
added incubated at room temperature for 10 min along
with the control tube containing all reagents except en-
zyme source. The reaction arrested by adding 0.5 ml of
10% TCA, centrifuged at 4000 rpm for 5 min, and the
glutathione (GSH) content in 0.5 ml of supernatant was
estimated. The activity expressed as a microgram of
GSH consumed/min/mg protein.

Catalase activity
The assay system contains 1.9 ml of 0.05 M buffer, pH
7.0, and 1.0 ml of 0.059 M H2O2. The reaction is initi-
ated by the addition of 0.1 ml enzyme source. The de-
crease in absorbance is monitored at 1 min interval for 5
min at 240 nm, and activity is expressed as nanomoles
of H2O2 decomposed/min/mg protein.

Statistical analysis
Data obtained were subjected to t test at p = 0.05 using
the general linear model procedure of IBM SPSS Version
25 after multivariate analysis revealed no interaction be-
tween species and sex.

Results
The result of metabolic and oxidative status of Clarias gare-
pinus and Heterobranchus longifilis is shown in Table 1.
Serum albumin, triglyceride, and alanine aminotransferase

of Clarias garepinus were significantly (p < 0.05) higher
than values obtained for Heterobranchus longifilis. How-
ever, serum cholesterol, LDL, and total antioxidant activity
of Heterobranchus longifilis were significantly (p < 0.05)
higher than Clarias garepinus. Other parameters assessed
had similar statistical values in both clariid species. Sexual
dimorphism in metabolic and oxidative status of Hetero-
branchus longifilis is shown in Table 2. Serum cholesterol,
low-density lipoprotein, and aspartate aminotransferase of
females were significantly (p < 0.05) higher than values ob-
tained for males. However, Superoxide dismutase and total
antioxidant activity of males were significantly (p < 0.05) su-
perior to females. Other parameters assessed were not in-
fluenced by sex as they had similar statistical values. Sexual
dimorphism in metabolic and antioxidant status of Clarias
garepinus is shown in Table 3. All parameters assessed had
statistically similar values across both sexes except serum
superoxide dismutase and albumin. The superoxide dis-
mutase and albumin activity of male Clarias garepinus were
significantly (p < 0.05) higher.

Discussion
The result shows that HL has higher cholesterol-LDL
compared with higher triglyceride level in CG. This
could be associated with a higher growth rate character-
istic of HL, increasing fat metabolism, and deposition.
Albumin is a fraction of the total protein that plays an
active role in metabolism and protein synthesis, and
higher activity in CG could depict more significant me-
tabolism for cellular growth (Amin & Hashem, 2012).
Lower LDL in CG infers the reduction in the high circu-
lation fat bound proteins, which may be due to lower

Table 1 Metabolic and antioxidant status in the two catfish species

Clarias garepinus Heterobranchus longifilis p value

Glucose, mmol/l 63.53 49.53 0.48

Albumin, g/l 366.30a 285.00b 0.00

Cholesterol, mmo/l 35.35b 38.20a 0.05

Triglyceride, mmol/l 5.01a 3.34b 0.08

High-density lipoprotein, mmol/l 22.07 22.43 0.35

Low-density Lipoprotein, mmol/l 11.98b 26.32a 0.02

Alkaline phosphatase, IU/l 1.86 1.78 0.17

Creatinine, mmol/l 4.90 3.69 0.17

Aspartate amino transferase, U/L 30.51 28.40 0.1

Alanine amino transferase, u/l 6.56a 4.40b 0.03

Total antioxidant activity (mmol/liter) 6.44b 14.00a 0.01

Lipid peroxidation (× 10−2 TBARS/mg protein) 1.35 1.39 0.39

Superoxide dismutase (U/min/mg protein) 2.36 2.33 0.4

Catalase (nm H2O2/min/mg protein) 9.08 9.28 0.68

Glutathione peroxidase (μg GSH/min/mg protein) 50.96 36.52 0.26
abMeans in the same row with different superscripts are significantly (p < 0.05) different. p value probability value
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total cholesterol and higher protein (albumin specifically;
it is the fraction of protein responsible for metabolism).
Total antioxidant activity is a combination of enzymatic

(SOD, GPx, CAT) and non-enzymatic (vitamins, bilirubin,
glutathione) antioxidants in the biological system (Jimoh,
Ewuola, & Balogun, 2017; Jimoh, Ihejirika, Balogun, &
Uwaeziozi, 2018). This study suggests that the non-
enzymatic antioxidants in HL account for its higher anti-
oxidant activity since all enzymatic antioxidants assessed

were similar in both species of catfish. This is coupled
with the fact that the rate of lipid peroxidation is similar
in both catfish species. This reveals that similar free radi-
cals and reactive oxygen species scavenging ability in the
serum of both catfish.
The trend of results shows that total cholesterol and

LDL of female HL were superior to males. This could be
associated with its requirement for oogenesis and steroid
synthesis for the regulation of ovulation. Cholesterol is

Table 2 Sexual dimorphism in metabolic and antioxidant status of Heterobranchus longifilis

Female Male p value

Glucose, mmol/l 48.13 50.23 0.11

Albumin, g/l 292.50 281.25 0.90

Cholesterol, mmo/l 64.80a 24.89b 0.02

Triglyceride, mmol/l 3.46 3.28 0.35

High-density lipoprotein, mmol/l 23.95 21.67 0.15

Low-density lipoprotein, mmol/l 39.28a 13.36b 0.05

Alkaline phosphatase, IU/l 1.29 2.02 0.13

Creatinine, mmol/l 1.48 4.79 0.31

Aspartate amino transferase, U/L 44.81a 20.20b 0.05

Alanine amino transferase, u/l 5.02 4.09 0.65

Total antioxidant activity (mmol/liter) 1.17b 16.57a 0.02

Lipid peroxidation (× 10−2 TBARS/mg protein) 1.76 1.26 0.68

Superoxide dismutase (U/min/mg protein) 0.33b 3.00a 0.05

Catalase (nm H2O2/min/mg protein) 8.07 9.88 0.23

Glutathione peroxidase (μg GSH/min/mg protein) 16.05 44.71 0.15
abMeans in the same row with different superscripts are significantly (p < 0.05) different. p value probability value

Table 3 Sexual dimorphism in metabolic and antioxidant status of Clarias garepinus

Female Male p value

Glucose, mmol/l 72.84 46.76 0.80

Albumin, g/l 358.85b 379.73a 0.02

Cholesterol, mmo/l 37.59 31.32 0.66

Triglyceride, mmol/l 4.94 5.15 0.51

High-density lipoprotein, mmol/l 22.54 21.31 0.33

Low-density lipoprotein, mmol/l 15.06 7.67 0.19

Alkaline phosphatase, IU/l 1.92 1.76 0.30

Creatinine, mmol/l 2.83 8.63 0.79

Aspartate amino transferase, U/L 30.89 29.83 0.76

Alanine amino transferase, u/l 7.23 5.48 0.13

Total antioxidant activity (mmol/liter) 6.10 6.97 0.3

Lipid peroxidation (×10−2 TBARS/mg protein) 1.39 1.30 0.22

Superoxide dismutase (U/min/mg protein) 1.67b 3.47a 0.00

Catalase (nm H2O2/min/mg protein) 9.34 8.62 0.16

Glutathione peroxidase (μg GSH/min/mg protein) 38.93 67.80 0.26
abMeans in the same row with different superscripts are significantly (p < 0.05) different. p value probability value
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the pre-procursor for steroid hormone synthesis and its
influences the cyclicity of female reproductive activity.
This is corroborated by the report that reproductive sta-
tus influences serum cholesterol in the different repro-
ductive cycle stages (Sutharshiny, Sivashanthinni, &
Thulasitha, 2013). The AST levels are within the normal
range, and difference in AST synthesis would be sug-
gested in both species. This is because the higher AST
activity was not accompanied by creatinine and could
not indicate toxicity.
The trends of superior antioxidant activity in male HL

suggest that its superiority is accounted for by higher
SOD activity. However, both sexes have a similar rate of
lipid peroxidation despite the superior antioxidant pro-
file in males. This could indicate that the normal range
of lipid peroxides in catfish serum. The results indicate
that a superior total antioxidant in male HL could be
accounted for by non-enzyme antioxidants and SOD.
This agrees with Sayed and Khalil (2016) that total anti-
oxidant capacity considers the cumulative, synergistic
action of all the antioxidants present and providing an
integrated parameter rather than the simple sum of
measurable antioxidants. Measurement of individual
antioxidant may give a misleading picture because anti-
oxidants work in concert through chain breaking
reactions.
Contrary to trends of result in HL, male CG had a

higher albumin activity than females; this could be asso-
ciated with higher protein metabolism in males due to
their superior growth rate. Amin and Hashem (2012) re-
ported that serum protein changes are associated with
free amino acids metabolism and their synthesis in the
liver in catfish. The SOD activity was superior in male
CG compared to females, a trend that is similar to both
HL and CG. Higher antioxidant activity in male catfish
could be a defence strategy against testosterone-bound
oxidative load; as reported by Sayed and Khalil (2016),
higher testosterone levels at the reproductive phase have
higher levels of oxidative damage exemplified by de-
creased antioxidant capacity during reproduction.
The rate of lipid peroxidation in both species was

similar and agrees with Chwastowska-Siwiecka et al.
(2016) that lipid peroxidation in African catfish’s meat
was not influenced by gender. Oxidative stress is also in-
duced due to three factors: an increase in oxidant gener-
ation, a decrease in antioxidant protection, and failure to
repair oxidative damage (Jimoh, 2019; Sujatha, Joseph, &
Sumi, 2010). Higher superoxide activity trends (male cat-
fish of both species) and total antioxidant activity (male
HL) in this study reveal higher antioxidant protection
against oxidative stress in the HL and male African cat-
fish. In oxidative stress-prone conditions, they could be
more resistant to oxidative damage than CG and fe-
males. This emphasizes the importance of oxidative

stress management; as suggested by Sule (2010), stress
should be minimized to guarantee optimal gamete qual-
ity and quality fish production in broodstock. This study
highlight the importance of oxidative stress markers and
their management in fish farming has been linked to the
health of farmed fish because it adversely impacts fish
welfare, growth, immunity and reproduction, and more
importantly, for food quality and safety for human con-
sumption (Sayed & Khalil, 2016). The generation of ROS
is essential for the testicular cell's normal physiological
function; hence, they play a vital role in normal sperm-
atogenesis and can also lead to pathologies of the male
reproductive system (Jimoh & Ewuola, 2019). Oxidative
stress associated with decreased antioxidant levels may
contribute to male factor infertility (Jimoh & Ewuola,
2018). This suggests that males’ better antioxidant de-
fence could be related to enhancing testicular health, as
most infertility cases are male-related.

Conclusion
There are genetic and gender differences in oxidative
stress markers in the two clariid species in southwestern
Nigeria. Both clariid species possess similar lipid peroxi-
dation, and males have better antioxidant defence than
females. This study reveals that non-enzymatic antioxi-
dants have a higher contribution to total antioxidant ac-
tivity in catfish broodstock.
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