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Heterotis niloticus, a commercially important fish species exploited in Nigerian waters is currently been
considered as a candidate for aquaculture. Therefore, hematological parameters of the fish are
investigated to assess its health status for sustainable production in Nigeria. Thirty H. niloticus weighing
315.2 to 476.5 g were randomly collected from fishers catch. Blood samples were taken from caudal
peduncle to assess the White blood cells (WBC), red blood cells (RBC), packed cell volume (PCV),
hemoglobin (Hb) and serum biochemical parameters such as Protein, glucose, creatinine, cholesterol,
urea and alkaline phosphatase (AP) using standard laboratory techniques. The mean values of RBCs,
WBCs, Hb and PCV were 4.71±1.17 x1012 l-1, 10.84±4.48 x109 l-1, 12.31±0.80 g dl-1 and 41.0±0.04%,
respectively while biochemical indices were: protein, 30.57±4.28 g l-1; glucose, 8.51±1.56 mmol l-1;
creatinine, 66.00±6.32 µmol l-1; cholesterol, 2.76±0.69 mmol l-1; urea, 3.87±0.30 nmol l-1 and AP,
22.29±7.09 U l-1. The haematological and biochemical parameters investigated were within standard
range for healthy fish. This study thus, provides baseline information on the physiological status of
Heterotis niloticus in Lake Alau.
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INTRODUCTION
The African bony tongue, Heterotis niloticus (Cuvier, 1829) is a large fish that is widespread in rivers
and lake system in many parts of Africa (Moreau, 1982) and especially in Lake Alau. The fish belongs
to the family Arapaimidae of the order Osteoglossiformes, and it is monospecific (Adite, 1987).
Heterotis niloticus is predominantly planktivorous (Olaosebikan and Raji, 2013). However, Adite et al.
(2005) reported it as an omnivore. The differences in food habits of H. niloticus from different habitats
suggest a degree of trophic plasticity of this species.
Fish well-being is impacted by pollution, water quality and microorganisms in natural habitat among
other factors. They adapt somewhat to adverse conditions by changing their physiological activities.
Increasing scientific, political and public attention is therefore being paid to fish welfare, especially as
regard the quality of life and state of well-being in commercial production systems (Huntingford et al.,
2006). Various risks factors to fish welfare (stressful husbandry practices, disease, water quality) have
been extensively discussed, but establishing what is acceptable for the fish and how to quantify welfare
using relevant operational indicators remains a major challenge (Ashley, 2007).
Hematological parameters are considered important indicators of the fish health status (De Pedro et al.,
2005). In general, blood profile gives important information on fish nutritional, physiological and health
conditions. Hence, the haematological status reflects animal physiological processes. According to
Lataretu et al. (2012), the environmental conditions of fish, especially water quality, can influence the
packed cell volume (PCV), red blood cells count (RBC), erythrocyte count, white blood cells count
(WBC) and haemoglobin (Hb). Also, serum biochemical condition provides information on state of
________________________________________________________
*Correspondence E-mail: arogidigbaonline@yahoo.com, Tel: +234 803 464 9464

Olanrewaju et al.

Nig. J. Fish. Aqua. 6(2) September, 2018

internal organs, electrolytes, proteins as well as nutritional and metabolic parameters (Newman et al.,
1997).
In tropical fish, normal ranges of various blood parameters have been established by different scientists
including Peres et al. (2015) in Solea senegalensis, Abalaka (2013) in Clarias gariepinus, Onyia et al.
(2013) in Heterobranchus bidorsalis, Owolabi (2011) in Synodontis membranacea, Adebayo et al.
(2007) and Kori-Siakpere et al. (2005) in Parachanna obscura, Hrubec et al. (2000) in Oreochromis
hybrid, Fagbenro et al. (2000) in Heterotis niloticus and Bhasker and Rao (1989) in Chanos chanos.
These scientist’s opinion as regards the normality levels of various blood parameters in fish are
divergent. Thus, Peres et al. (2015) recommended the ranges of 12 – 26% for PCV, 2.8 – 6.0 g dl-1 for
Hb, 90 - 97% for RBC, 4 – 10% for WBC, 2.6 – 6.3g dl-1 for total protein, 1.0 – 2.3 for albumin, 19.0
– 86.0 mg dl-1 for glucose, 93–598 U l-1 for alkaline phosphatase, 118–605U l-1 for aspartate
aminotransferase, 0.1 to 0.9 g dl-1 for cholesterol, 124 to 202 mmol l-1 for sodium and 1.1 to 4.6 mmol
l-1 for potassium in normal, healthy fish. Kori-Siakpere et al. (2005) confirmed the mean blood
haemoglobin concentration of 5.70 g dl-1, mean PCV of 19.20 %, mean RBC of 1.67 x 1012/L, mean
WBC of 19.07 x 103 mm-3, mean total plasma protein of 4.45 g dl-1and mean plasma glucose of 67.42
mg dl-1, for a typical healthy fish.
Hrubec et al. (2000) reported the range of 1.91 – 2.83 (2.31) x 106 l-1 for RBC, 27 – 37 (33) % for PCV,
21,559 – 154,690 (75659) μl-1 for WBC, 7.0 – 9.8 (8.2) g dl-1 for Hb, 557 – 9,873 (1,805) μl-1 for
neutrophils, 400 – 4,286 (1,520) μl-1 for monocytes, 35 – 1,645 (334) μl-1 for eosinophils, 4.8 – 7.8 (6.1)
g dl-1 for plasma protein, 1.3 – 2.6 (1.8) g dl-1 for albumin, 0.1 – 0.5 (0.2) mg dl-1 for creatinine, 30 – 69
(46) mg dl-1 for glucose, 110 – 318 (189) mg dl-1 for cholesterol, 15 – 39 (22) U l-1 for ALP, 9 – 102
(26) U l-1 for AST, 139 – 160 (151) mEq l-1 for sodium, 3.5 – 5.4 (4.3) mEq l-1 for potassium and 128 –
142 (136) mEq l-1 for chloride in Oreochromis hybrid. Onyia et al. (2013) gave the ranges of 5.05±0.17
– 5.2±0.26 ×1010 l-1 for RBC, 6.858.33±828.86 – 6.910±801.46 ×109 l-1for WBC, 51.93±14.82 –
53.4±10.11 % for PCV, 18.43±4.36 – 53.4±10.11 % for Hb in normal healthy Heterobranchus
bidorsalis in the Northeast Nigeria.
Furthermore, there are also report of individual variation in the blood parameters of Heterotis niloticus
from different habitat in the tropics. For instance, RBC is 1.50±0.02 (0.58 – 2.17) 1012 l-1, WBC is
57.2±4.9 (53.9 – 58.7) 109 l-1, PCV is 28.12±2.98 (13 – 39) %, Hb is 4.46±0.43 (2.2 – 6.2) g dl-1, total
protein is 57.0±6.7 (50 – 83) gl-1, glucose is 61.46±5.29 (41.0 – 82.0) mg dl-1, albumin is 4.76±0.83 (0.4
– 7.5) mg dl-1, sodium is 117±4.7 (97 – 139) mM and potassium concentration of 21.7±1.05 (18.3 –
29.9) mM in H. niloticus from Southwest Nigeria (Fagbenro et al., 2000), while in H. niloticus from
Southeast Nigeria as reported by Odo et al. (2009), total protein is 53.6±5.4 (47 – 78) gl-1, glucose is
57.38±4.17 (46.0 – 79.0) mg dl-1, albumin is 3.87±0.75 (0.3 – 6.9) mg/dl, sodium is 112±3.6 (87 – 127)
mM and potassium concentration of 18.45±1.02 (15.3 – 27.6), RBC counts is 1.50±0.02 (0.58 – 2.17)
1012 l-1, Hb concentration is 4.06±0.43 (2.2 – 6.2) g dl-1, WBC is 57.2±4.9 (53.9 – 58.7) 109 l-1 and PCV
is 28.12±2.98 (13 – 39) %.
However, there is paucity of information on haematological profile of Heterotis niloticus from Lake
Alau, Northeast Nigeria. This study therefore aims to establish baseline haematological parameters for
H. niloticus from Lake Alau, which can be used as reference point in comparative studies and in
monitoring
MATERIALS AND METHODS
Haematological parameters
Thirty healthy adult H. niloticus (380.61±47.94 g) were collected from fishers’ landings in Lake Alau
(lat. 11°44 N and long. 13°10 E) for three months. Five (5) ml blood samples of were collected via
caudal peduncle puncture from each of the sample using 2ml syringe fitted to 22-gauge hypodermic
needle (Stoskopf, 1993). The blood was dispensed into ethylene diamine tetra acetic acid (EDTA).
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Red blood cells (RBC) and White blood cells (WBC) counts were estimated using a
Neubauerhaematocytometer and Hendricks (1952) diluting fluid for RBC and Shaw (1930) solution for
WBC following Hesser (1960). Haemoglobin (Hb) concentrations were estimated using the SahliHelligehaemoglobin method as described by Hesser (1960). Packed cell volume (PCV) was estimated
using a micro-haematocrit method as described by Hesser (1960). The erythrocyte indices (MCV, MCH
and MCHC) were calculated as in Dacie and Lewis (2001):

PCV
 10
RBC
Hb
Mean Corpuscular Haemoglobin (MCH) (pg) =
 10
RBC
Mean Corpuscular Volume (MCV) (fL) =

Mean Corpuscular Haemoglobin Concentration (MCHC) (g dl-1) =

Hb
 100
PCV

Serum biochemistry
Three (3) ml blood was also transferred into a tube containing Lithium Heparin (LH) anticoagulant for
plasma biochemical analysis. The plasma obtained by centrifugation from the lithium heparinised
samples was stored at 20oC until analyzed. The analytes determined includes glucose, total protein,
albumin, cholesterol, sodium, potassium, chloride, bilirubin, creatine, uric acid, alkaline phosphatase
(ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) using the methods of
Svobododa et al. (1991).
Data analysis
Data obtained were subjected to descriptive statistics (means and standard deviations) and One-Way
Analysis of Variance (ANOVA) using SPSS 20.0.
RESULTS
Haematological parameters
The range and mean hematological values obtained for Heterotis niloticus from the study are as
presented in Table 1. The Red Blood Cell counts has a range of 3.40 – 7.00 x 1012 L-1 and a mean value
of 4.71±1.17 x1012 l-1 while White Blood Cell counts varies between 6.10 and 19.00 x109 l-1 with a
mean value of 10.84±4.48 x109 l-1. Pack cell volume range between 36.0 and 46.0 % with a mean value
of 41.0±0.04 %.
Table 1. Haematological parameters of Heterotis niloticus from Lake Alau
Parameter
Mean (±SD)
Range
References
Odo et al. (2009)
Fagbenro et al. (2000)
RBC (×1012l-1)
4.71±1.17
3.40 – 7.00
0.58 – 2.17
0.58 – 2.17
WBC (×109l-1)
10.84±4.48
6.10 – 19.00
53.90 – 58.70
53.90 – 58.70
Hb (g dl-1)
12.31±0.80
11.30 – 13.50
2.20 – 6.20
2.20 – 6.20
PCV (%)
41.0±0.04
36.0 – 46.0
13.00 – 39.00
13.00 – 39.00
PLT (×109l-1)
83.40±6.87
75.00 – 94.00
–
–
Mon (%)
2.50±0.58
2.00 – 3.00
–
–
Lym (%)
50.00±8.25
38.00 – 59.00
–
–
Neut (%)
47.00±8.27
38.00 – 60.00
–
–
Eosin (%)
1.50±0.55
1.00 – 2.00
–
–
MCV (fL)
90.33±16.00 65.70 – 111.80
128 – 304
130 – 310
MCH (pg)
27.13±5.12
19.29 – 35.29
28 – 36
30 – 39
MCHC (g dl-1)
30.01±1.43
28.25 – 31.67
0.11 – 18
0.12 – 0.19
Key: RBC - red blood cell, WBC - white blood cell, Hb - haemoglobin, PCV - packed cell volume, PLT- platelets,
Mon - monocytes, Lym - lymphocytes, Neut - neutrophils, Eosin – eosinophils, MCHC = Mean corpuscular haemoglobin
concentration, MCH = Mean corpuscular haemoglobin, MCV = Mean corpuscular volume

The haemoglobin concentration also varies between 11.30 and 13.50 g dl-1 with a mean of 12.31±0.80
g dl-1. Platelets range from 75.00 – 94.00 x109 l-1 with a mean value of 83.40±6.87 x109 l-1. Monocytes
ranged between 2.00 – 3.00 %, with the mean value being 2.50±0.58 %. Percent of lymphocytes was
3
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found within the range of 38.00 – 59.00 % while neutrocytes level varied from 38.00 to 60.00 %. The
eosinophils content of H. niloticus ranged between 1.00 – 2.00 % with 1.50±0.55 % mean concentration.
The Mean corpuscular volume ranges between 65.70 – 111.80 fL with a mean value of 90.33±16.00 fL
while Mean corpuscular haemoglobin (MCH) varied between 19.29 – 35.29 pg with a mean value of
27.13±5.12 pg. Mean corpuscular haemoglobin concentration (MCHC) ranged from 28.25 to 31.67 g
dl-1 with 30.01±1.43 g dl-1 mean concentration.
Serum biochemistry
Serum biochemistry parameters of Heterotis niloticus from Lake Alau is as shown in Table 2. Haematobiochemical analyses revealed that the total protein content range from 26.00 to 36.00 g l-1; creatinine
from 58.00 to 76.00 µmol l-1, blood urea from 3.60 to 4.30 nmol l-1, uric from 18.00 to 21.00 nmol l1
and glucose content from 7.50 to 12.00 mmol l-1 serum. The range for the cholesterol, potassium,
sodium, albumin, chloride, alanine aminotransaminase, aspartate aminotransaminase and alkaline
phosphatase were 2.10 – 3.80 mmol l-1, 3.60 – 6.90 mmol l-1, 112.00 – 120.00 mmol l-1, 12.00 – 14.00
g l-1, 76.00 – 80.00 mmol l-1, 12.00 – 39.00 U l-1, 47.00 – 99.00 U l-1 and 11.00 – 32.00 U l-1 respectively.
Table 2. Serum biochemistry parameters of Heterotis niloticus from Lake Alau
Parameter

Mean (± SD)

Range

References
(Odo et al., 2009)
(Fagbenro et al., 2000)
Protein (g l-1)
30.57±4.28
26.00 – 36.00
47.00 – 78.00
50.00 – 83.00
Creat (µmol l-1)
66.00±6.32
58.00 – 76.00
–
–
Urea (nmol l-1)
3.87±0.30
3.60 – 4.30
–
–
Uric (nmol l-1)
19.57±1.13
18.00 – 21.00
–
–
Gluc (mmol l-1)
8.51±1.56
7.50 – 12.00
46.00 – 79.00
41.00 – 82.00
2.76±0.69
2.10 – 3.80
–
–
Chol (mmol l-1)
Potass (mmol l-1)
5.07±1.15
3.60 – 6.90
15.30 – 27.60
18.30 – 29.90
Sod (mmol l-1)
116.86±3.02
112.00 – 120.00
87.00 – 127.00
97.00 – 139.00
12.71±0.95
12.00 – 14.00
0.30 – 6.90
0.40 – 7.50
Albumin (g l-1)
78.57±1.90
76.00 – 80.00
6.40 – 145.00
7.00 –163.00
Chloride (mmol l-1)
ALT (U l-1)
24.00±10.71
12.00 – 39.00
–
–
76.43±18.23
47.00 – 99.00
–
–
AST (U l-1)
-1
AP (U l )
22.29±7.09
11.00 – 32.00
–
–
Key: Creat - creatinine, Uric -uric acid, Gluc - glucose, Chol- cholesterol, Potass - potassium, Sod - sodium, ALTalanine aminotransaminase, AST - aspartate aminotransaminase, AP- alkaline phosphatase.

Also, mean values for haematobiochemical components were protein 30.57±4.28 g l-1, creatinine
66.00±6.32 µmol l-1; urea 3.87±0.30 nmol l-1; uric 19.57±1.13 nmol l-1; glucose 8.51±1.56 mmol l-1;
cholesterol 2.76±0.69 mmol l-1; potassium 5.07±1.15 mmol l-1; sodium 116.86±3.02 mmol l-1; albumin
12.71±0.95 g l-1; chloride 78.57±1.90 mmol l-1; alanine aminotransaminase 24.00±10.71 U l-1; aspartate
aminotransaminase 76.43±18.23 U l-1 and alkaline phosphatase 22.29±7.09 U l-1.
DISCUSSION
Haematological profile is an important tool for effective monitoring of physiological and pathological
state of a fish (Kohanestani et al., 2013). Steinhagen et al. (1990) and Fernandes and Mazon (2003),
reported that these parameters are closely related to the response of fish to environmental and biological
factors. In the present study, the mean value of red blood cells count was significantly higher than values
obtained for Heterotis niloticus (1.50±0.02 ×1012l-1) from Southeast (Odo et al., 2009) and Southwest
Nigeria (Fagbenro et al., 2000). However, the RBC values in this study were within the normal range
recommended for healthy fish (Kori-Siakpere et al., 2005; Fagbenro et al., 2000; Hrubec et al., 2000;
Bhasker and Rao, 1989).
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When compared with other fish species, RBC value in this study was greater than that of Clarias
anguillaris (2.60±0.45 μL) and Clarias gariepinus (3.08±1.23 μL) from Geriyo Lake, Nigeria (Onyia
et al., 2015). The value was also higher than 0.6 – 3.3 x106 mm-3 recorded for Parachanna obscura in
four freshwater bodies in South-western, Nigeria (Adebayo et al., 2007). The elevated RBC counts and
HB concentration in fish are a response to the higher metabolic demand (Satheeshkumar et al., 2011)
and physiological adaptation to different modes of life (i.e., habits) and ecological habitats (Goel et al.,
1984). Clark et al. (1979) opined that RBC generally shows inter and intra species differences in the
same or different environment. Nevertheless, RBC count greater than 1.0×106mm3 is considered high
and indicative of high oxygen carrying capacity of the blood (Lenfant and Johansen, 1972).
White blood cells count obtained from this work was in consonance with the recommended range for a
typical healthy fish (Kori-Siakpere et al., 2005; Hrubec et al., 2000). However, Odo et al. (2009) and
Fagbenro et al. (2000) reported significantly high WBC counts (57.2±4.9 109 l-l) for H. niloticus in their
studies. The fluctuations in WBC values could be as a result of differences in ecological conditions
(Goel et al., 1984). In reference to other species, WBC counts in this study is higher than 4.01 x103mm3
reported for P. obscura (Adebayo et al., 2007) and 4.18 ± 0.28 x109 l-1 obtained for C. gariepinus
(Abalaka, 2013). The value was also higher than the range (2.20 x 104 mm-3 to 5.0 x 104 mm-3) recorded
for Channa striatus, Cyprinus carpio, Catla catla and Labeo rohita from Palaru-Porunthlaru dam, India
(Kandeepan, 2014). According to Douglass and Jane (2010), WBC counts has implication for immune
responses and the ability of the animal to fight infection.
The mean haemoglobin fell within the range (5.6–15.8 gdl−1) reported for Esox lucius (Mulcahy, 1970)
and similar to (11.27±1.26 gdl−1) that of Parachanna obscura (Odedeyi, 2013; Adebayo et al., 2007).
This value is also higher than 4.46 gdl−1 recorded for Synodontis membranacea (Owolabi, 2011) and
7.92±1.81 gdl−1 obtained for Channa africana (Akinwumi, 2015). Goel (1984) relates the number of
RBC and haemoglobin concentration to the oxygen content of the surrounding water. Devi et al., (2004)
have reported a decrease of Hb content in fish Heteroneustes fossillis due to exposure of paper mill
effluents. Therefore, increase in Hb content as compared to 4.06±0.43g dl−1 by Odo et al. (2009) and
4.46±0.43g dl−1 by Fagbenro et al. (2000) suggests a healthy condition of Heterotis niloticus in Lake
Alau.
The mean values of packed cell volume (PCV) obtained from this study were within the range of 22 –
48% (Bhasker and Rao, 1989) and 23 – 43% (Wedemeyer and Yasutake, 1977), for healthy fish. This
result was also in consonance with the normal range (20 to 50%) recommended by Pietse et al. (1981)
and Clark et al. (1979). The value obtained for PCV is similar to that of C. gariepinus (48.29±7.12 %)
from Egbe dam (Akinwumi, 2015) but lower than C. anguillaris (66.73±30.93%) and C. gariepinus
(65.02±18.64%) from Lake Geriyo (Onyia et al., 2015). These differences may be due to speciesspecific hematological characteristics in teleost as reported by Akinrotimi et al. (2011). This value is
however, higher than the corresponding values (28.12±2.98 %) reported for Heterotis niloticus from
other ecological zones (Odo et al., 2009; Fagbenro et al., 2000).
The value obtained for platelets is similar to that of Akinwumi (2015) who reported 94.79±36.09 and
63.73±57.03 for C. gariepinus and P. africana, respectively. Latif et al. (2015) however, reported higher
platelet concentration in Channa marulius (109.0±14.0 – 216.0±39.28 ×109 l-1) in River Chenab,
Pakistan. The monocytes, lymphocytes, neutrophils and eosinophils results observed in this study
showed marginal differences when compared with Synodontis membranacea (Owolabi, 2011),
Alburnoides eichwaldii (Kohanestani et al., 2013), C. gariepinus (Ipinmoroti, 2015), Channa striatus,
Cyprinus carpio, Labeo rohita, and Catla catla (Kandeepan, 2014) and Heteropneustes fossilis
(Khanam and Latifa, 2013). The differences may be due to seasonal fluctuations (Mahagen et al., 1979),
ecological habitats (Goel et al., 1984) and species-specific hematological characteristics in teleost
(Akinrotimi et al., 2011), rather than poor health status.
The mean corpuscular volume of Heterotis niloticus (65.70 – 111.80 fL) in this study did not differ
considerably from the values (115 – 183 fL) reported by Hrubec et al. (2000) for normal, healthy fish.
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This finding is thus in consonance with the findings of Adedeji and Adegbile (2011), who respectively
report 99.29±2.00 and 116.16 μ3 mean corpuscular volume in Clarias gariepinus and Chrysichthys
nigrodigitatus from Asejire dam. However, the mean MCV value evident in this study is lower than
187.16±12.79 fL and 191.20±1.74 fL recorded for H. niloticus by Odo et al. (2009) and Fagbenro et al.
(2000) respectively. The variance may be a factor of season, age, environmental condition which could
influence concentration of haemoglobin in the red blood cell. The range of mean corpuscular
haemoglobin (19.29 – 35.29 pg) obtained from this study were similar to findings of Odo et al. (2009)
and Fagbenro et al. (2000). These values, therefore fall within the normal range recommended for
healthy fish (Hrubec et al., 2000; Terry et al., 2000; Nilza et al., 2003). Mean corpuscular haemoglobin
concentration was in conformity with previous reports on Tilapia species (Hrubec et al., 2000), C.
gariepinus (Adedeji and Adegbile, 2011) but higher than the value obtained in H. niloticus (Odo et al.,
2009; Fagbenro et al., 2000). The estimate of MCHC obtained in the present study agrees with that of
Goel et al. (1984) which indicate a healthy fish.
Serum biochemistry
Jawad et al. (2004) opined that serum biochemistry varies from species to species and can be influenced
by many biotic and abiotic factors such as water temperature, seasonal pattern, food, age and sex of the
fish. However, Goel et al. (1984) attributed differences to physiological adaptation and ecological
habitats. In this study, total serum protein for Heterotis niloticus was in line with the normal range for
healthy H. niloticus as reported by Odo et al. (2009) and Fagbenro et al. (2000). This result also
coincides with the findings of Abalaka (2013), who reported 32.09±1.79 gl-1 and 30.12±1.69 g l-1 for
total protein in reared and wild Clarias gariepinus, respectively. Contrarily, this value was higher than
4.57±0.21 g l-1 recorded for Clarias gariepinus (Nwabueze and Regha-John, 2015), 11.25 g l-1 obtained
for Heteropneustes fossilis (Acharya and Mohanty, 2014) and 4.38g l-1 reported for Solea senegalensis
(Peres et al., 2015). The result was however, comparatively lower than 4.45 g l-1 in P. obscura (KoriSiakpere et al., 2005) and 4.8 – 7.8 g l-1 in Oreochromis hybrid (Hrubec et al., 2000). The divergence
in results may be due to species-specific hematological characteristics in teleost (Akinrotimi et al.,
2011).
Creatinine, a breakdown product in the blood is a more specific indicator of kidney function. The mean
creatinine value observed is within the normal range of 100 – 500 µmol l-1 as reported by Hrubec et al.
(2000). It was however, comparatively higher than 49.71±16.15 µmol l-1 reported for Synodontis
membranacea (Owolabi, 2011). The difference could be attributed to varying physiological adaptation
and ecological conditions as suggested by Goel et al. (1984).
The mean value of urea was moderate and similar to 3.05±0.67 nmol l-1 reported for Synodontis
membranacea by Owolabi (2011) but higher than Clarias gariepinus (1.27 ± 0.03 - 2.12 ± 0.09 8.70
nmol l-1) (Nwabueze and Regha-John, 2015). The level of urea is influenced by the state of hydration
and very high level usually indicates impaired kidney. Goel et al. (1984), posited that varying amounts
of blood urea usually reflect the habit of the fish with actively swimming fish having lesser amount of
blood urea compared to the less active and sluggish fish. Similarly, Borges et al. (2007) ascribed a high
blood concentration in fish to be a sign of stress associated with the increase in the cortisol level.
The uric acid level observed in this study is higher than 0.76±0.33 nmol l-1 found in Synodontis
membranacea (Owolabi, 2011). This variation might be attributed to the hot climate in the study area.
Adeyemo et al. (2003) suggested that temperature changes affect the biochemical blood levels. Glucose
level was significantly higher than 4.24±1.74 mmol l-1 in Synodontis membranacea from Jebba Lake
(Owolabi, 2011) and 5.54±0.56 mmol l-1 reported for Clarias gariepinus in Tiga dam (Abalaka, 2013).
The value was however, lower than (61.46 ±5.29 mg dl-1) recorded for Heterotis niloticus in River
Ogbese (Fagbenro et al., 2000), 57.38±4.17 mg dl-1 for H. niloticus in Anambra River (Odo et al., 2009)
and 70.83±6.67-82.88±8.76 mmol l-1 for Clarias batrachus in freshwater pond (Acharya and Mohanty,
2014). The differences may be as a result of varied ecological zones which necessitate different
physiological adaptation to modes of life (Goel et al., 1984), rather than poor health status. The
cholesterol level in this study is consistent with the observations of Owolabi (2011), for Synodontis
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membranacea and Nwabueze and Regha-John (2015), for Clarias gariepinus. These two authors
reported normal range of cholesterol as 1.2 – 21 mmol l-1 for healthy fish. Conversely, the mean
potassium value from this study is slightly lower when compared to Heterotis niloticus (Odo et al.,
2009; Fagbenro et al., 2000), Synodontis membranacea (Owolabi, 2011) and Notopterus notopterus
(Kulkarni, 2015) but higher than the value reported for Solea senegalensis (Peres et al., 2015).
The mean value for sodium is comparable to the findings of Fagbenro et al. (2000), but lower than those
reported for Synodontis membranacea (Owolabi, 2011) and Solea senegalensis (Peres et al., 2015), and
higher than Notopterus notopterus (Kulkarni, 2015). In contrast, the albumin level was found to be
higher than the values documented by Fagbenro et al. (2000) and Peres et al. (2015) but lower than
what was reported by Owolabi (2011). Similarly, serum chloride is consistent with mean value (82±1.7
mmol l-1) previously reported for Heterotis niloticus (Fagbenro et al., 2000) but significantly higher
than Synodontis membranacea (Owolabi, 2011). The blood AST, ALT and AP which are enzymes
mainly located in the liver, heart and bones have their concentrations at variance with the observations
of Nwabueze and Regha-John (2015) for Clarias gariepinus, Abalaka (2013) for Clarias gariepinus
and Owolabi (2011) for Synodontis membranacea. The differences in most studied parameters could be
attributed to variations in ecological zones which necessitate different physiological adaptation to
modes of life (Goel et al., 1984), rather than poor health status. Bianchi et al. (2014) also corroborates
that differences in reference intervals among fish are related to interspecific and environmental
variations.
Conclusion
The present findings revealed that most haematological and biochemical values obtained were within
the normal range reported for Heterotis niloticus and other tropical species. There exists interspecies
variation in serological parameters such as glucose, albumin, urea and serum chloride, which could be
attributed to different climate and habitat conditions rather than poor health status. Hence, the reference
intervals obtained in haematological and biochemical parameters from this study could be used as
baseline to assess the health status of H. niloticus especially from the Northeast Nigeria.
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