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ABSTRACT

Sex has been reported to influence the clinical chemistry of several species of fish. Whether sex impacts
serum biochemistry composition and electrolyte profile of Heterobranchus longifilis is not well captured
in the literature. This study aimed to evaluate the impact of sex on the clinical chemistry composition and
electrolyte profile of hybrid catfish, Heterobranchus longifilis. Blood samples were collected and biochem-
ically analyzed. The analytes analyzed included alanine aminotransferase, alkaline phosphatase, aspartate
aminotransferase, creatinine, total bilirubin, conjugated bilirubin, unconjugated bilirubin, serum protein,
albumin, total cholesterol, high-density lipoprotein, low-density lipoprotein, triglyceride, and urea. Uric
acid, bicarbonate, Chloride, Sodium, and Potassium from 40 healthy Heterobranchus longifilis (20 males and
20 females). The males and females were not reproductively active at the time of sampling (None of the fe-
males had eggs). Most clinical chemistry analytes and electrolyte profiles of Heterobranchus longifilis showed
differences between male and female values even though only a few (alanine aminotransferase, aspartate
aminotransferase, creatinine, triglyceride, and uric acid) were statistically significant (p < 0.05). Based on
the findings in this study, we suggest that sexual differences affect the clinical chemistry and electrolyte
profile of Heterobranchus longifilis. Hence, sexual differences should be taken into consideration during
sampling in both natural and experimental studies in Heterobranchus longifilis.

Keywords Number of Figures: 10

Number of Tables: 0

Electrolytes, Heterobranchus longifilis, clinical chemistry, Sex Number of References: 36
Number of Pages: 9

Abbreviations

ALP: Alkaline phosphatase LDL: Low-density lipoprotein

AST: Aspartate aminotransferase CSB: Conjugated serum bilirubin

ALT: Alanine aminotransferase — UCSB: Unconjugated serum bilirubin

HDL: High-density lipoprotein - HDL

https://IJVST.um.ac.ir Corresponding author : Email: polycarpt@unijos.edu.ng
Polycarp Nwunuji Tanko | Tel: +23(481)4121-5227



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Introduction
Fshes are increasingly getting more recogni-
tion as an economic and reliable source of
quality protein of animal origin owing to their rich
nutritional values [1]. Aquaculture is presently one of
the fastest-growing sectors of the food production in-
dustry globally, taking about 50 % of the overall food
supply [2]. Aquaculture is known to be one of the
most efficient means of food production [3, 1]. Fish is
widely consumed by a range of people, notwithstand-
ing their age, level of income, or health status [4, 2].
Heterobranchus longifilis, on the other hand, has been
documented to have the capacity for an efficient feed
conversion rate [5]. Several criteria made H. longifilis
suitable for aquaculture, and these qualities include
its capacity for high yield potential, fast growth rate,
high fecundity, hardiness, and palatability [6]. Serum
biochemistry analysis could help in identifying target
organs of toxicity in addition to unraveling the gen-
eral health status of fish [7, 8]. Several scholars have
reported that the biochemical parameters of fish have
become useful tools for the determination of physio-
logical and pathological changes in diverse fish species
[9, 10, 11]. This is because these biochemical indices
offer valuable information on the responses of fish to
diverse ecological and physiological changes [5, 12, 8].
Additionally, several pathological changes are reflec-
tedin serum chemistry long before the manifestation
of clinical diseases [13, 8].

The values of biochemical parameters are sub-
stantially influenced by several physiological factors,
including the sex of the fish [14]. A study assessing
serum chemistry parameters discovered that sex can
induc some level of influence on some parameters of
C. gariepinus [15]. Other scholars have repeatedly re-
ported that sex, age, diet, fish species and strains, nu-
tritional state, geographical location, disease, feeding
regime, sexual maturity cycle, and seasonal variations
in temperature and salinity, can strongly influence
values of biochemical parameters and health status
of fish [4, 5, 1, 11]. While several studies have eval-
uated the serum biochemistry of different species of
fish, there is limited information on variations in se-
rum chemistry and electrolyte profile of H. longifilis
concerning sex. The influence of sexual differences on
serum chemistry analytes and electrolyte profiles in
H. longifilis may offer valuable baseline information
that could enhance further studies on mechanisms
associated with the influence of sexual differences on
the biochemical parameters of fish. This study aimed
to evaluate the impact of sexual dimorphism on the
serum biochemical and electrolyte profile of hybrid
catfish (Heterobranchus longifilis).
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Result
Mean Serum enzymes

Analysis of the serum enzymes results showed
mean serum Aspartate Aminotransferase (AST) lev-
el of male H. longifilis was higher with a mean val-
ue of 114.6 U/L compared to the females with mean
serum AST value of 111.2 U/L while the mean AST
value of both males and females combined was 112.9
U/L (Fig. 1). For ALP on the other hand, the mean
serum Alkaline Phosphatase level of the male H. lon-
gifilis is not significantly different (p > 0.05), with a
mean value of 37.8 U/L compared to the female with
mean serum Alkaline Phosphatase value of 40.1 U/L
while the mean Alanine Aminotransferase value of
both male and female combined was 39.0 U/L. Even
though there was no statistically significant difference
between sex, the ALP value of the females unlike AST,
was slightly higher compared to that of the males. The
mean serum alanine Aminotransferase (ALT) level of
the male H. longifilis was however, significantly high-
er (p < 0.05) with a mean value of 28.5 U/L compared
to the females with a mean value of 18.5 U/L while the
mean Alanine Aminotransferase value of both male
and female combined was 23.5 U/L.
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Figure 1.

Mean Aspartate Aminotransferase (AST), Alkaline
Phosphatase (ALP), and Alanine Aminotransferase
(ALT) from male and female H. longifilis and com-
bined values, all in mg/dL

Mean serum Creatinine level

Analysis of the serum creatinine level showed
serum creatinine level of male H. longifilis was sig-
nificantly higher (p < 0.05) compared to the females
with mean serum creatinine values of 50.7 umol/L as
against 44.5 umol/L while the mean creatinine value
of both male and female combined was 47.6 pmol/L
(Fig. 2).

Impact of sex on clinical chemistry of catfish



RESEARCH ARTICLE

o
£ o,
= Bl MALE
E R FEMALE
£ 404 B COMBINED
i
@
£
g7
o
£
3
Serum Creatinine levels
Figure 2.

Mean serum Creatinine concentration from male and
female H. longifilis and combined mean serum Creati-
nine value

Serum Bilirubin levels

Analysis of the results showed there was no statis-
tically significant difference between male and female
H. longifilis in mean total serum bilirubin levels. The
male and female mean total serum bilirubin values
were 14.0 mg/dL and 13.9 mg/dL respectively while
the mean value of both males and females combined
was 14.0 mg/dL (Fig. 3). There was also no statistically
significant difference between male and female H. lon-
gifilis concerning conjugated serum bilirubin (CSB)
level, even though the males had substantially higher
values compared to the females. The male and female
mean CSB values were 8.23 mg/dL and 6.12 mg/dL re-
spectively while the mean value of both males and fe-
males combined was 7.18 mg/dL. Statistical analysis of
the unconjugated bilirubin results also showed there
was similarly no statistically significant difference (p
> 0.05) between male and female H. longifilis, even
though the value was higher in females compared to
males. The male, female, and combined mean UCSB
values were 5.77 mg/dL, 7.78 mg/dL, and 6.77 mg/dL
respectively.
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Figure 3.

Mean values of total, conjugated and unconjugated
Bilirubin concentrations from male, and female H.
longifilis, and their combined mean values

Serum Protein and Albumin Levels

Statistical analysis of protein and albumin results

Impact of sex on clinical chemistry of catfish

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

showed there was no statistically significant differ-
ence (p > 0.05) between male and female H. longifilis
with regards to mean total serum protein level (Fig.
4), even though the value was substantially higher
in females compared to males. The male and female
mean total serum protein values were 53.0 g/dL and
61.0 g/dL respectively, while the mean value of both
male and female combined is 57.0 g/dL. Analysis of
the albumin results showed no statistically significant
difference between male and female H. longifilis, even
though the value was higher in males compared to fe-
males. The male, female, and combined mean serum
albumin values were 24.5 g/dL, 26.2 g/dL, and 25.4 g/
dL respectively.
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Figure 4.

Mean serum total Protein and Albumin concentrations
from male and female H. longifilis and their combined
mean values in g/dL.

Total serum Cholesterol level

Results of serum cholesterol, as observed in this
study, are depicted in Fig. 5. Analysis of the results
showed there was no statistically significant differ-
ence (p > 0.05) between male and female H. longifilis,
even though the value was slightly higher in females
compared to males. The male and female mean total
serum cholesterol and their combined values were
2.42 g/dL, 2.62 g/dL, and 2.52 g/dL, respectively.
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Figure 5.

Mean serum Cholesterol concentration from male
and female H. longifilis and combined mean serum
Cholesterol value
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Mean Serum High-Density Lipoproteins and
Low-Density Lipoproteins Levels

Statistical analysis of lipoproteins results showed
there was no statistically significant difference (p >
0.05) between male and female H. longifilis in serum
HDL levels (Fig. 6), even though the value was sub-
stantially higher in females compared to males. The
males and females had mean serum HDL values of
1.35 mg/dL and 1.63 mg/dL, respectively while the
mean value of both males and females combined was
1.49 mg/dL. Analysis of serum LDL results, on the
other hand, showed that there was no statistically sig-
nificant difference between male and female H. longi-
filis, even though the value was slightly higher in fe-
males compared to males. The male and female mean
LDL values and the combined values were 1.20 mg/
dL, 1.35 mg/dL, and 1.28 mg/dL, respectively.
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Figure 6.
Mean High Density and Low-Density Lipoprotein levels from
male and female H. longifilis and their combined mean values

Mean Serum Triglyceride level

The results of serum triglyceride levels in males,
and females and their combined value are depicted
in Fig. 7. Analysis of the results showed there was a
statistically significant difference (p < 0.05) between
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Figure 7.

Mean Triglyceride concentration from male and female H. longi-
filis and combined mean Triglyceride value
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male and female H. longifilis, with the females hav-
ing higher value (1.65 mg/dL) compared to the male
with serum triglyceride values of 1.39 mg/dL, while
the mean value of both male and female combined is
1.52 mg/dL.

Mean Serum Urea and Uric acid Concentra-
tions

Mean serum urea and uric acid concentrations
for males, females, and their combined value are
shown in Fig. 8. Analysis of the results showed there
was no statistically significant difference (p > 0.05)
between male and female H. longifilis in serum urea
concentration, even though males had slightly higher
serum urea concentration compared to the females.
The male and female serum Urea concentrations were
3.20 mmol/L and 2.90 mmol/L respectively while the
mean value of both male and female combined is 3.05
mmol/L. On the other hand, results showed a statis-
tically significant difference (p < 0.05) between the
concentration of serum uric acid in male and female
H. longifilis. The male, female, and combined serum
uric acid concentrations were 65.45 pmol/L, 71.87
pmol/L, and 68.66 umol/L respectively.
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Figure 8.
Mean Urea and Uric acid concentrations from male and
female H. longifilis and their combined mean values

Mean Serum Sodium and Chloride Concentra-
tion

Sodium and chloride concentrations for males,
females and combined values are presented in Fig. 9.
Statistical analysis of the results showed no statistical-
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ly significant difference (p > 0.05) between male and
female H. longifilis in serum Sodium concentration.
The male and female serum sodium concentrations
were 145.44 mmol/L and 139.12 mmol/L, respective-
ly, while the mean value of both males and females
combined was 142.28 mmol/L. Even though there
was no statistically significant difference in Sodium
concentrations between males and females, the mean
sodium concentration of the males was slightly higher
than that of the females. chloride results showed no
statistically significant difference between male and
female H. longifilis. The male, female and combined
serum Chloride concentrations were 109.27 mmol/L,
102.0 mmol/L, and 105.64 mmol/L respectively. How-
ever, the mean Chloride concentration of the males
was substantially higher when compared to that of the
females.
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Figure 9.

Mean serum Sodium and Chloride concentrations from
male and female H. longifilis and their combined mean
values

Mean Serum Bicarbonate and Potassium Con-
centrations

Bicarbonate and potassium concentrations ob-
served in this study for males, females and combined
values are shown in Fig. 10. Statistical analysis of se-
rum bicarbonate concentration results showed there
was no statistically significant difference between male
and female H. longifilis. The male and female serum
bicarbonate concentrations were 27.55 mmol/L and
25.97 mmol/L respectively while the mean value of
both male and female combined is 26.76 mmol/L. Al-
though there was no statistically significant difference
between serum bicarbonate concentrations of males
and females, the mean serum Bicarbonate concentra-
tions of males were slightly higher compared to that of
the females. For serum potassium concentration, on
the other hand, there was no statistically significant
difference between male and female H. longifilis. The
male, female, and combined serum potassium con-
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centrations were 6.25 mmol/L, 5.10 mmol/L, and 5.68
mmol/L respectively. The mean potassium concentra-
tion of the males was higher compared to that of the
females.

=
E
E 3 @ Bicarbonate
E Bl Fotassium
=
7 20
]
]
o
T
2
]
5
| 0
m
5 &P
m ,é,? Q?'% 2
& LS
Figure 10.

Mean serum Bicarbonate and Potassium concentrations
from male and female H. longifilis and their combined
mean values

Discussion

Fish are the largest and most extensively diversi-
fied species of aquatic organisms. Owing to their prox-
imity to the aquatic environment, alterations in their
environment are rapidly expressed in their blood [16,
11]. Diverse scholars are increasingly interested in
the study of clinical chemistry characteristics of fish
as they reflect the overall health status of fish. These
indices offer reliable insight into metabolic disorders,
chronic conditions, and deficiencies, before clinical
manifestations [12, 16]. Several pathologic changes
have been reported in serum chemistry long before
the manifestation of any clinical disease [12, 16]. In
this study, the mean serum AST and ALT of the males
were significantly higher compared to those of the fe-
males, while ALP was higher in females even though
insignificantly compared to the males. The observed
differences in serum enzymes between males and fe-
males are in tandem with the findings in other recent
related studies, where different species of fish were
found to have differences in levels of these serum
enzymes and attributed the difference to sex-linked
physiological processes in the fish [5, 14, 12]. How-
ever, while few scholars [17, 13] found that AST and
ALT were higher in females than males, the contrary
was our findings in this study. The differences may
not be unconnected with several physiological factors
and environmental conditions and many other factors
such as temperature and quality of the water manage-
ment practices at the time of such experiments, since
fish are known to be in close proximity to their envi-
ronment [11].

Creatinine is excreted through the kidney, hence
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an increase in the level of serum creatinine in fish
reflects severe kidney injury [14]. In this study, the
mean serum creatinine levelwas higher in males than
females, even though the differences were not statis-
tically significant. These findings agreed with the re-
sults of earlier studies [17, 14], where male rainbow
trout and Notopterus notopterus were reported to
have higher creatinine levels than females. The over-
all creatinine levels in both males and females were
not high, which indicates the normal function of the
kidney in both males and females in this experiment.
Bilirubin is a bile pigment synthesized endogenously,
and its accumulation in the body could be toxic. An
increase in the conjugated bilirubin concentration of
serum reflects a distorted balance between the rate
of haem conversion to bilirubin and the capacity of
the liver to produce conjugated bilirubin [18, 19]. In
this study, total bilirubin and conjugated bilirubin in
males were slightly (statistically insignificant) high-
er than in females, while unconjugated bilirubin in
females was significantly higher than in males. This
study reported a higher level of unconjugated bili-
rubin in females, which is consistent with previous
studies that female H. longifilis had higher bilirubin
levels than males [20, 5].

Changes in total serum proteins and albumin
are known to be clinically relevant in establishing the
health status of fish [21]. The total serum protein level
is a critical and reliable indicator to evaluate the phys-
iological status, nutritional state, stress, and general
well-being of fish [22]. The higher level of total se-
rum protein observed in females compared to males
confirms the findings reported by Sharma et al. [21]
and Jan and Ahmed [10], who found higher total
serum protein in snow salmon and Schizothorax la-
biatus and Barilius bendelisis, respectively. Similar to
the findings of this study, other studies [23, 21] have
reported higher albumin levels in Salmo trutta fario
and beluga whale (Huso huso) males compared to
females. However, the differences in albumin levels
between males and females were not statistically sig-
nificant, and this has also been similarly reported in a
related study [10]. These differences in both total se-
rum protein and serum albumin have been attributed
to feed intake, starvation, growth rate, andfeed con-
version rate [24, 25]. Total serum protein varies sea-
sonally between sexes [10].

Generally, cholesterol is vital for appropriate body
function as it serves as a substrate for the synthesis of
several crucial and active biological constituents, in-
cluding sex hormones [13, 21]. Several scholars have
reported that seasons and rate of growth/stage influ-
ence cholesterol levels [5, 10]. In this study, there was
no significant difference in cholesterol levels between
males and females, even though that of the females
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was slightly higher compared to males. These re-
sults confirm the findings reported in related studies,
where cholesterol levels did not significantly differ be-
tween males and females. [5, 21]. In fish, lipid storage
serves as the primary energy reserve, and fluctuations
in serum lipid levels in various fish species have been
recorded [26, 21]. High-density lipoprotein choles-
terol could be determined directly from the serum
by enzymatic techniques, using cholesteryl esterase
and cholesterol oxidase methods [27]. In this study,
there was no significant difference in HDL between
males and females, even though the HDL in females
was slightly higher compared to females. In a relat-
ed study, Sharma et al. [21] reported similar findings
in male and female Barilius bendelisis from Central
Himalaya, India. On the other hand, low-density li-
poproteins are recognized as mediators of cholesterol
and cholesterol ester absorption in several fish tissues
[14]. The higher LDL levels in females compared to
males, as observed in this study, were also reported in
an earlier study, and the differences were attributed to
reproduction, maturation, and metabolic rate of the
fish [21].

The level of triglyceride, in concurrence with oth-
er lipids, is valuable in the diagnosis of several condi-
tions, such as triglyceridemia, dyslipidemia and hy-
perlipoproteinemia [28]. The observed higher levels
of triglyceride in females compared to males in this
study are similar to the findings reported in an earlier
related study [21], where female Tench (Tinca tinca)
had higher levels of triglyceride compared to males.
The variations in the triglyceride between males and
females were attributed to different metabolic rates,
feeding intensity, and seasons [29, 21]. The concen-
tration of urea in the blood is a reflector of protein
metabolism in the system [16]. In this study, the lev-
el of urea was higher in males compared to females,
even though the difference was not statistically signif-
icant. Several researchers have also documented high-
er urea concentrations in males compared to females
[14, 10]. Uric acid, on the other hand, constitutes a
major water-soluble antioxidant in fish blood [30].
In this study, uric acid level was significantly higher
in females compared to males. This study appears to
be the first one that evaluates uric acid in male and
female catfish, and the differences in uric acid levels
between males and females could only be specula-
tively attributed to differences in the rate of excretion,
mainly via the kidney, as well as from overproduction
of uric acid owing to excess purine precursors synthe-
sis, turnover of cells [31].

Blood electrolytes such as Sodium (Na*), Potas-
sium (K*), Chloride (Cl"), and Phosphorous (P) are
common parameters employed in the determination
of physiological states, toxicity, and health status of
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fishes, and their levels reflect operations of diverse
homeostatic mechanisms in fish [14]. In this study,
Sodium, Chloride, Bicarbonate, and Potassium levels
were higher in males than females, even though the
differences were not statistically significant. In a sim-
ilar study, Kulkarni [14] found that male Notopter-
us notopterus had lower levels of these electrolytes
compared to males. The differences in the electrolyte
levels were attributed to differences in sensitivity to
environmental changes and strength [32, 14].

Conclusion

This study revealed for the first time the effects of
sexual dimorphism on the serum chemistry and elec-
trolyte profile of male and female H. longifilis. While
there is no significant difference in the majority of an-
alytes, there were few significant differences between
males and females. Based on the findings of this study,
it is recommended that sex be considered in both nat-
ural and experimental investigations of serum chemi-
cal analytes and electrolytes in catfish.

Materials and Methods

Experimental catfish

The 40 apparently healthy adult male and female catfish (20
males and 20 females) weighing 1 kg to 1.3 kilograms used for the
study were procured from a reputable catfish farm within the Jos
metropolis with GPS Coordinates 9.851095 (N905113.9416411)
and 8.923327 (E8055125.2188411) at altitude 1275 meters above
sea level. The catfish had no physical deformity and were acclima-
tized for one week in a section of the farm in a 2000-liter plastic
water tank before the onset of the study. The fish were exposed
to natural light day and night without any artificial light. The fish
were fed commercial pelleted diets (Coppens) daily in the morn-
ing and evening at 10% of their body weight. The water in the
tanks was changed every three days through partial draining to
ensure that clean water was maintained during the acclimatiza-
tion. For sampling, a handheld net was used to catch the fish from
the tank without completely draining the water from the tank,
and a soft, clean towel was used to hold the catfish in place during
blood collection.

Experimental design

The 40 catfish were male and female. Following acclimatiza-
tion, blood samples were collected from 20 male and 20 female
catfish. The water used before and during the study was borehole
water used in keeping the fish on the farm. The study was conduct-
ed in June 2022, and the water temperature during the study pe-
riod ranged from 20°C to 24°C, pH ranged from 7.0 to 7.1, while
the average environmental temperature was 26°C during the day
and 18°C at night.

Separation of serum from the blood and analy-
sis

Blood samples collected from the caudal vein into non-hepa-
rinized tubes were immediately transported to the Microbiology
and pathology laboratory of the Faculty of Veterinary Medicine,
University of Jos, Plateau State, where they were centrifuged and
the sera were harvested after centrifugation for serum chemistry
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analysis using an automated serum chemistry analyzer, Cobas
C111 (Roche Diagnostics GmbH, Indianapolis, IN, USA).

Statistical analysis

Data analysis was done using JMP statistical software, version
10. All data were found to have a normal distribution. Since two
groups were compared, the student t-test was used to identify sta-
tistically significant differences between males and females. Dif-
ferences between sexes were considered statistically significant at
P <0.05. Results are expressed as the mean + standard error (SE).

Authors' Contributions

PN.T, and G.B. conceived and planned the ex-
periments. PN.T., G.B., and M.M.S. carried out the
experiments. PN.T., G.B., and M.M.S. contributed to
sample preparation. PN.T., G.B. and M.M.S. contrib-
uted to the interpretation of the results. PN.T. took
the lead in writing the manuscript. All authors pro-
vided critical feedback and helped shape the research,
analysis and manuscript.

Acknowledgements

We would like to thank Mrs Fatima P. Tanko and
Bar. Elisha R. Wakawa

Competing Interests
The authors have nothing to disclose.

Reference

1. Ahmed I, Sheikh ZA. Comparative study of hematolog-
ical parameters of snow trout Schizopyge plagiostomus
and Schizopyge niger inhabiting two different habitats.
The European Zoological Journal. 2020;87(1):12-9.Doi:
10.1080/24750263.2019.1705647.

2. World Health Organization. The state of food security and
nutrition in the world 2018: building climate resilience for
food security and nutrition. Food & Agriculture Org. 2018 .

3. Ojutiku RO. comparative survival and growth rate of clarias
gariepinus and heteroclarias hathclings fed live and frozen
Daphnia. Pakistan Journal of Nutrition. 2008;7(4):527-9.Doi:
10.3923/pjn.2008.527.529.

4. Nadirah AN, Sabri MY, Emikpe BO, Noraini O, Tanko PN,
Opeyemi OM, Ina-Salwany MY. The Effect of Heat Stress on
the Oxidative Status of Red Hybrid Tilapia (Oreochromis sp.)
Infected With Streptococcus Agalactiae. International Jour-
nal of Pharmaceutical Research & Allied Sciences. 2016 ;5(4).

5. Suleiman B, Adamu S, Abdullahi SA. Influence of sex on
haematological and biochemical profiles of pond-reared Het-
erobranchus longifilis (Valenciennes, 1840). Nigerian J Fish
Aquacult. 2016;4(1):28-33.

6. Offem BO, Ayotunde EO, Ikpi GU. Dynamics in the repro-

Tanko et al. IJVST 2023; Vol.15, No.3
DOI:10.22067/ijvst.2023.80588.1221

39



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

10.

11.

12.

13.

14.

15.

16.

17.

40

ductive biology of Heterobranchus longifilis Val,(Pisces:
1840) in the inland wetlands of Cross River, Nigeria. Research
journal of fisheries and Hydrobiology. 2008;3(1):22-31.

David M, Ramesh H, Patil VK, Marigoudar SR, Chebbi SG.
Sodium cyanide-induced modulations in the activities of
some oxidative enzymes and metabolites in the fingerlings
of Cyprinus carpio (Linnaeus). Toxicological and Environ
Chemistry. 2010;92(10):1841-9.

Ahmed I, Sheikh ZA. Comparative study of hematolog-
ical parameters of snow trout Schizopyge plagiostomus
and Schizopyge niger inhabiting two different habitats.
The European Zoological Journal. 2020;87(1):12-9.Doi:
10.1080/24750263.2019.1705647.

Pradhan SC, Patra AK, Sarkar B, Pal A. Seasonal changes in
hematological parameters of Catla catla (Hamilton 1822).
Comparative Clinical Pathology. 2012;21(6):1473-81.Doi:
10.1007/500580-011-1316-2.

Jan K, Ahmed I. The influence of sex and season on some
hematological and biochemical parameters of snow trout
Schizothorax labiatus in the Indian Himalayan Region. Fish-
eries Science. 2021;87(1):39-54. 10.1007/s12562-020-01469-
3.

Jan K, Ahmed I, Dar NA. Haematological and serum bio-
chemical reference values of snow trout, Schizothorax la-
biatus habiting in river Sindh of Indian Himalayan region.
Journal of Fish Biology. 2021;98(5):1289-302.Doi: 10.1111/
jfb.14661.

Ahmed I, Sheikh ZA, Wani GB, Shah BA. Sex variation in
hematological and serum biochemical parameters of cultured
Chinese silver carp, Hypophthalmichthys molitrix. Compar-
ative Clinical Pathology. 2019;28(6):1761-7.

Zakes$ Z, Demska-Zake$ K, Szczepkowski M, Rozynski M,
Ziomek E. Impact of sex and diet on hematological and
blood plasma biochemical profiles and liver histology of
pikeperch (Sander lucioperca (L.)). Fisheries & Aquatic Life.
2016;24(2):61-8.D0i:10.1515/a0pf-2016-007.

Kulkarni RS. Sex differences in the blood biochemical param-
eters of the fresh water fish, Notopterus notopterus (Pallas,
1789). World News of Natural Sciences. 2017;6.

Gabriel UU, Ezeri GN, Opabunmi OO. Influence of sex,
source, health status and acclimation on the haematology of
Clarias gariepinus (Burch, 1822). African Journal of Biotech-
nology. 2004;3(9):463-467.

Sheikh ZA, Ahmed I. Impact of environmental changes on
plasma biochemistry and hematological parameters of Hima-
layan snow trout, Schizothorax plagiostomus. Comparative
Clinical Pathology. 2019;28(3):793-804. D0i:10.1007/s00580-
019-02914-1.

Charoo SQ, Chalkoo SR, Qureshi TA. Sexual differentiation
in blood biochemistry of rainbow trout (Oncorhynchus my-
kiss). International Journal of Advanced Fisheries and Aquat-

Tanko et al.IJVST 2023; Vol.15, No.3
DOI: 10.22067/ijvst.2023.80588.1221

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

RESEARCH ARTICLE

ic Science. 2013;1(1):32-8.

Abbas MW, Shamshad T, Ashraf MA, Javaid R. Jaundice:
a basic review. Int J Res Med Sci. 2016;4(5):1313-9.Doi:
10.18203/2320-6012.ijrms20161196.

Tsai MT, Tarng DC. Beyond a measure of liver function—bil-
irubin acts as a potential cardiovascular protector in chronic
kidney disease patients. International journal of molecular
sciences. 2018;20(1):117.Doi: 10.3390/ijms20010117.

Suleiman, B. Organo-somatic indices of growth rate and sex
categorised artificially spawned Heterobranchus longifilis
Valenciennes, 1840. Biological and environmental sciences
journal for the tropics. 2015;12:579-582.

Sharma NK, Akhtar MS, Pandey NN, Singh R, Singh AK. Sex
specific seasonal variation in hematological and serum bio-
chemical indices of Barilius bendelisis from Central Himala-
va, India. Proceedings of the National Academy of Sciences,
India Section B: Biological Sciences. 2017;87(4):1185-97.
Doi: :10.1007/s40011-015-0692-9.

Knowles S, Hrubec TC, Smith SA, Bakal RS. Hematology and
plasma chemistry reference intervals for cultured shortnose
sturgeon (Acipenser brevirostrum). Veterinary Clinical Pa-
thology. 2006;35(4):434-40.Doi: 10.1111/j.1939-165x.2006.
tb00160.x.

Yousefian M, Sheikholeslami A, Kor Davood M. Serum
biochemical parameter of male, immature and female Per-
sian sturgeon (Acipencer persicus). Aust ] Basic Appl Sci.
2011;5(5):476-81.

Baker DW, Wood AM, Litvak MK, Kieffer JD. Haematolo-
gy of juvenile Acipenser oxyrinchus and Acipenser brevi-
rostrum at rest and following forced activity. Journal of Fish
Biology. 2005;66(1):208-21.

Giberson AV, Litvak MK. Effect of feeding frequency on
growth, food conversion efficiency, and meal size of ju-
venile Atlantic sturgeon and shortnose sturgeon. North
American Journal of Aquaculture. 2003;65(2):99-105.Doi:
10.1577/1548-8454(2003)65<99:EOFFOG>2.0.CO;2.

Wallaert C, Babin PJ. Age-related, sex-related, and seasonal
changes of plasma lipoprotein concentrations in trout. Jour-
nal of lipid research. 1994;35(9):1619-33.

Cho KH. The Current Status of Research on High-Density
Lipoproteins (HDL): A Paradigm Shift from HDL Quantity
to HDL Quality and HDL Functionality. International Jour-
nal of Molecular Sciences. 2022;23(7):3967.Doi: 10.3390/
{jms23073967.

Mohamed AS, El Desoky MA, Gad NS. The Changes in Tri-
glyceride and Total Cholesterol Concentrations in the Liver
and Muscle of Two Fish Species from Qarun Lake, Egypt.
Organic & Medicinal Chemistry International Journal.
2019;9(4):86-90.Doi: 10.19080/OF0OA]J.2019.09.555770.

Svoboda M, Koufil J, Hamackovd J, Kalab P, Savina L, Svo-

Impact of sex on clinical chemistry of catfish



RESEARCH ARTICLE

bodova Z, Vykusova B. Biochemical profile of blood plasma
of tench (Tinca tinca L.) during pre-and postspawning peri-
od. Acta Veterinaria Brno. 2001;70(3):259-68.Doi: 10.2754/
avb200170030259.

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

31.

32.

Choi HK, Mount DB, Reginato AM. Pathogenesis of gout.
Annals of internal medicine. 2005;143(7):499-516.Doi:
10.7326/0003-4819-143-7-200510040-00009.

Kavya KS, Jadesh M, Kulkarni RS. Hematology and serum

30. Ciereszko A, Dabrowski K, Kucharczyk D, Dobosz S, Gory- biochemical changes in response to change in saline con-
czko K, Glogowski J. The presence of uric acid, an antioxidan- centration in fresh water fish Notopterus notopterus. World
tive substance, in fish seminal plasma. Fish Physiology and Scientific News. 2016;32:36-47.

Biochemistry. 1999;21(4):313-5.
COPYRIGHTS

©2022 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

O)

How to cite this article

Tanko PN, Bilbonga G, Sati MM. Sexual Dimorphism in Clinical Chemistry and Electrolyte Profile of Hybrid Catfish (Heterobran-
chus longifilis). Iran J Vet Sci Technol. 2023; 15(3): 33-41.
DOIL: https://doi.org/10.22067/ijvst.2023.80588.1221
URL:https://ijvst.um.ac.ir/article_44198.html

Impact of sex on clinical chemistry of catfish Tanko et al. IJVST 2023; Vol.15, No.3

DOI:10.22067/ijvst.2023.80588.1221

41



