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Abstract: Fishes are largely used for the assessment of aquatic environment quality and are accepted as bioindicators 
of environmental pollution. Studies of Hematology provide useful information on the effects of the external 
environment on the internal physiology of fish. This present study aims to evaluate the variation in blood 
parameters of Clarias buthupogon and Heterobranchus longifilis. Different hematological and biochemical indices 
like red blood corpuscles (RBC), white blood corpuscles (WBC), haemoglobin (Hb%), haematocrite (PCV) 
and erythrocyte indices like mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean 
corpuscular haemoglobin concentration (MCHC), total Protein, glucose, cholesterol, albumin, chloride, hydrogen 
carbonate, potassium, sodium and calcium were determined using standard laboratory procedures. Generally, 
haematological indices were significantly (p<0.05) low in the dry season compared to rainy season. Plasma 
protein was low in the dry season (4.56 ± 1.45 g/dl) and slightly high during rainy season (11.12 ± 19.72 g/dl) and 
downstream A (3.73 ± 1.37 g/dl) to downstream B (11.94 ± 19.40 g/dl). Glucose level was high at downstream A 
(156 ± 12.12 g/dl) and in the dry season (150.94 ± 12.53 g/dl) while there was no significant correlation between 
the value of albumin (p<0.05) but there were significant correlations (p<0.05) for other biochemical indices for 
both sampling sites and seasons. Observation of blood parameters allows the most rapid detection of changes in 
fish after the exposure to xenobiotics. It can be concluded that hematological and biochemical parameters could 
be ranked as possible biomarkers of pollution.
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impact of water pollution on the haematological and biochemical 
indices of C. buthupogon and H. longifilis collected from Asa 
River, Nigeria.

Materials and Methods
Fish collection

Live specimens of healthy Clarias buthupogon and 
Heterobranchus longifilis were collected from the downstream 
portion of the river with the help of local fishermen. Fishes of 
mixed sexes (smallest specimen caught for C. buthupogon had a 
total length of 11.4 cm, standard length of 8.6 cm and a total weight 
of 5.0 g while the biggest specimen caught had a total length of 
48.5 cm, standard length of 43.2 cm and a total weight of 50 g. For 
H. Longifilis, the smallest specimen caught had a total length of 
23.4 cm, standard length of 20.0 cm and a total weight of 80g, and 
the biggest specimen had a total length of 65.3 cm, standard length 
of 62.8 cm and a total weight of 2,700 g) were collected and the 
blood of fishes were collected immediately on site from the caudal 
peduncle (Kocabatmaz and Ekngen, 1982) in EDTA (ethylene 
diamine tetraacetate) coated tubes during the morning hours at 
a fixed time to avoid diurnal variation in the blood parameters 
for further analysis. The total erythrocytes count and leucocytes 
count were enumerated in an improved Neubaeur hemocytometer 
using Hayem’s diluting fluid and Turk’s fluid, respectively in light 
microscope. Hemoglobin (Hb) concentration was measured by 
Sahlis method. The microhematocrit method was used to determine 
the hematocrit (PCV). The hematological indices: such as mean 
corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH) and mean corpuscular hemoglobin concentration (MCHC) 
were calculated from the equation given by the Dacie and Lewis 
(2001). The biochemical analysis was done by simply centrifuge 
blood sample at 4000 rpm for 20 min (centrifuge; Universal 320 
R (Hettich Zentrifugen)) to separate the plasma and analyzed. 
The separated serum was then analysed for total protein (TP) and 
blood enzymes such as Lactate dehydrogenase (LD), Alkaline 
phosphatase (ALP), Alkaline transeaminase (ALT) and Aspartate. 
transeaminase (AST). An automatic blood enzyme analyzer 
(Hitachi 704) was used for the following determinations: Total 
protein (TP,g l–1), Lactate dehydrogenase (LD, µkat l–1), Alkaline 
phosphatase (ALP, µkat l–1), Alkaline transeaminase (ALT, µkat 
l–1) and Aspartate transeaminase (AST, µkat l–1). The apparatus is 
based upon dry chemical technology and colorimetric reaction. 
Kits obtained PLIVALachema and DIALAB, were used for the 
determination of all serum indices. Na, K, Ca, P, Cl were measured 
by kits (Lot numbers of kits; E485, F133, F108, E485 and E389, 
respectively (purchased Thermo SCIENTIFIC) using Konelab 
Prime 60I. The hematological and biochemical parameters are 
expressed in international units (SI).

Results and Discussion
The results of haematological parameters are presented in 

Figures 1-4. The results revealed that the PCV, Hb and RBC counts 
in fishes showed significantly higher value during rainy season 

Introduction
Influx of unwanted substances into our water bodies cause 

changes in the physical, chemical and biological characteristics 
of the aquatic system which lead to ecological imbalance. The 
industrial effluents contribute a lot to water pollution forming 
a threat to aquatic plants and animals (Ramona et al., 2001). 
A greater part of the pollutants exhibit biomagnification and 
bioaccumulation capabilities with a broad spectrum of impacts, 
and stresses on aquatic organisms (Censi et al., 2006). This leads 
to a steady decline in the aquatic flora and fauna, particularly 
fishes. Ogundiran et al., (2007) reported that the fishes are 
more susceptible to stress than many other animals because of 
their intimate dependence upon their surrounding environment. 
Aquatic organisms, like fish, accumulate pollutants directly from 
contaminated water and indirectly through the food chain (Riba 
et al., 2004 and Ashraf, 2005). Once the toxicant enters the body 
of the fish they may affect the organs leading to physiological and 
pathological disorders (Ogundiran et al., 2009) 

The hematological index can be used effectively to monitoring 
the response of fishes to various toxicants reflecting the ecological 
status of the habitat and is a common method to determine the 
sub-lethal effects of the pollutant. Therefore, blood parameters 
are used as indicators for predicting the health whereabouts and 
toxicological symptoms of organisms, particularly fishes (Pimpao, 
2007). Rios et al. (2002) reported that the hematological parameters 
in fish are influenced by factors such as sex, reproductive stage, 
age, size and health and the external factors such as seasonal 
dynamics, water temperature, environmental quality, food and 
stress. In another study, Elahee and Bhagwant (2007) reported 
the hematological and gill histopathological parameters of three 
tropical fish species from a polluted lagoon on the west coast of 
Mauritius and likened the changes in blood parameters would be a 
sign of fish physiological response against environmental stresses 
(Vosyliene, 1996).

Haematological studies in fishes have assumed greater 
importance because these parameters were used as an efficient 
and sensitive index to monitor the physiological and pathological 
changes induced by natural or anthropogenic factors such as 
bacterial or fungal infection or pollution of water resources 
(Blaxhall, 1972). Blood parameters therefore considered as 
a useful tool in diagnosing the functional status of the body in 
response to various stressors (Houston and Carlile, 1997). The 
toxicants are stressors which are accumulated in the fish through 
the food chain or absorption through the general body surface 
and severely affect the life supporting system at molecular and 
biochemical levels. Pollutants generally produce relatively quick 
changes in hematological characteristics of fish (Rizkalla et al., 
1999). Therefore, the haematological studies are a potential tool 
to analyse the effect of toxicants on various target organs of fish in 
laboratory experiments and in field investigations (Kori Siakpere 
et al., 2005). In view of the above, this work aimed at evaluating the 



22

Journal abbreviation: J FisheriesSciences.com

Journal of FisheriesSciences.com                   Ogundiran et al., 12(2): 020-027 (2018)

as compared to dry season. A highly significant enhancement in 
W.B.C. was also observed in dry season as compared to rainy 
season. The results of red cell indices viz., MCV, MCH and 
MCHC revealed significant increase (p<0.001) in rainy season 
as compared to dry season. The results of ANOVA revealed a 
significant seasonal effect on RBC (p<0.05), WBC (p<0.001), 
Hb (p<0.01), PCV (p<0.001). The results of the red cell indices 
showed a highly significant (p<0.001) seasonal effect in MCV and 
MCHC. Studies have shown that the seasonal changes affect the 
water quality and the fishes being aquatic organism, its physiology 
is greatly affected by the aquatic environment (water) which 
internals influenced by the seasonal changes. Blood cell responses 
are important indicators of changes in the internal and/or external 
environment of animals. Water quality cans thus be regarded as 
one of the major factors responsible for individual variations in 
fish haematology. Figures 5-8 revealed the biochemical responses 
of the two-sampled fish to the polluting water body. Blood 
plasma was analyzed for various biochemical parameters viz; 
total Protein, glucose, cholesterol, albumin, chloride, hydrogen 
carbonate, potassium, sodium and calcium. Significant change was 
observed in the biochemical parameters in the blood of the two 
fish species examined in this present study. There was a decline in 
the blood plasma protein content during the dry season and at the 
upstream sit of the river. The cholesterol level likewise decreased 
and increased in the same manner as the plasma protein. Blood 
glucose content decreased markedly from dry to rainy seasons and 
the highly polluted upstream recorded high value compared to low 
value recorded for the downstream. Potassium, sodium, calcium, 
albumin, chloride and hydrogen carbonate increased from dry to 
rainy season and was equally found to increase in values from 
upstream to downstream. In this study blood serum components 
(LDH, ALP, ALT) analysis revealed obvious significant differences 
(P<0.05), and their value decrease from upstream to downstream 
and from rainy to dry season.

Haematological indices are very important parameters used 
in the evaluation of fish physiolog ical status (Ogundiran, 2007; 
Adewoye, 2010 and Yekeen and Fawole, 2011). A decrease in 
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Figure 1: Seasonal variation in the haematological profile of C. 
buthupogon from Asa River.
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Figure 2: Spatial variation in the haematological profile of  
C. buthupogon from Asa River.
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Figure 3: Seasonal variation in the haematological profile of H. 
longifilis from Asa River.
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Figure 4: Spatial variation in the haematological profile of  
H. longifilis from Asa River.
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Note: EPU- Endopentosanase units.

the value of RBC (Erythrocyte count) and in the percentages of 
PCV (Haematocrit) in this study indicated a worsen state of an 
organism’s condition and its developing anemia. Decrease in the 
concentration of haemoglobin in the blood, which may be linked to 
the effects of toxic metals on blood, as well as decrease in oxygen 
may also indicate anemia or confirm negative changes occurring in 
fish species used in this work. An increase in the WBC (Leucocytes 
count) is mostly observed during the initial stage of stress reaction 
when fish tries to restore disturbed homeostasis, however later, 
a decrease of leucocytes count can be observed, which shows 
the weakening of immune system on the basis of haematological 
studies, it would be possible to forecast the physiological state of 
fish in natural water bodies (Adeyemo et al., 2003 and Ogundiran 
et al., 2007). The count of RBC was quite a stable index and the 
fish body attempt to maintain this count within the limits of certain 
physiological standards using various physiological mechanisms 
of compensation. Haemoglobin concentration reflects the supply 
of an organism with oxygen and the organism itself attempts to 
maintain the oxygen level as much stable as possible. Therefore, 
all hematological indices can be secondary responses of an 
organism to pollutant/irritants or changing environment. 

Among analyzed haematological indices, RBC, HB, PCV 
values were found to be lower in the dry season and slightly high 
in the rainy season and, the same trend was also observed in the 
upstream and downstream sites of the river; this may be due to 
an inhibited RBC production in the haematopoetic organs and 
or may be linked to impaired haemoglobin synthesis. Ambient 
toxicant might have been responsible for disintegration of RBC 
cells, which in turn have caused reduction of haemoglobin and 
PCV (haematocrit) count. This confirmed an anemic condition 
in the blood sample of the two examined fish species; Anaemia 
of this magnitude is characterized by the reduction in the RBC 
count, PVC percentage and haemoglobin contents which have 
also been reported by several workers after heavy metal exposure 
(Adeyemo et al., 2003 and Ogundiran, et al., 2007). Existing data 
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Figure 5: Seasonal variation in the biochemical profile of  
C. buthupogon from Asa River.
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Figure 6: Spatial variation in the biochemical profile of  
C. buthupogon from Asa River. 
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Figure 7: Seasonal variation in the biochemical profile of  
H. longifilis from Asa River. 
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Figure 8: Spatial variation in the biochemical profile of  
H. longifilis from Asa River. 
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on the effects of pollutants on RBC indicated that pollutants like 
insecticide and industrial effluents have affinity for the blood 
stream, which produced a number of abnormalities in the blood 
(Adewoye, 2010 and Yekeen and Fawole, 2011). Pollutants 
like insecticides have the capacity to penetrate into the RBC 
(Yekeen and Fawole, 2011), this was reported to have induced the 
formation of anti-erythrocyte antibodies. The reasons for decrease 
in erythrocytes from the blood may be extravasations, a plastic 
anaemia or immunohaemolytic anaemia.

Slightly increased level of Mean Cell Volume (MCV), 
Mean Cell Heamoglobin (MCH) and Mean Cell Heamoglobin 
Concentration (MCHC) value was evident in this work and 
this is an indication that anaemia produced, is of macrocytic 
hypochromatic type. MCHC is a good indicator of red blood cell 
swelling (Wepener et al., 1992 a & b). The MCHC is not in any 
way influenced by the blood volume or by the number of cells 
in the blood but can be interpreted incorrectly only when new 
cells with different haemoglobin concentrations, are released into 
blood circulation (Adewoye, 2010). The significant decrease in the 
value of MCHC at upstream and in the rainy season may probably 
be attributed to red blood cell swelling. In another instance, a 
significant decline in the values of MCH and MCHC have also been 
reported by khahak and Hafeez (1996) in fish, Cryprinion watsoni 
exposed to extensively used agriculture pesticides malathion. 
A drop in the MCHC value was also reported by Qurestii et 
al., (1995) in fish, Cryprinion Watson after exposure to various 
stresses like hypoxia, anaemia and hyperthermia. A significant 
decrease in haematological parameters other than WBC have 
also been documented by Sampath et al., (1993) and Omoregie et 
al., (1994) when fish are exposed to polluted environment under 
laboratory conditions; the anaemic effects reported here could be 
due to destruction of erythrocytes or the inhibition of erythrocyte 
production (Omoregie et al., 1994) and haemodilution (Sampath 
et al., 1993). 

Changes in the WBC and RBC in fish have been reported to be 
a strong indicator of stress due to the presence of toxicants in the 
aquatic environment. WBC count increased at upstream location 
of Asa River compared to the downstream and this may be an 
indication of high pollution load recorded upstream. Also, during 
the dry season, WBC was noticed to be very high compared to 
the rainy season when the volume of water became high; this is 
perhaps, a typical defensive response of the fish against a high toxic 
invasion. Both leucopenia and conversely leukocytosis (increased 
number of WBC) have been submitted in fish populations exposed 
to heavy metals (Ogundiran, et al., 2007). In this present study, the 
percentage of PCV was lower for upstream and dry season where 
pollution load was high. Generally, WBC abundance provides an 
indication of fish health and a high WBC count may indicate a 
sub-clinical infection.        

Generally, blood is one of the most sensitive indicators of much 
metabolic disorderliness occurring in the body, therefore, blood 
test play a key role in the easy and rapid diagnosis of ailments 
occurring in the animal body. In the present investigation, plasma 

protein level decreased in both species examined from dry season 
to rainy season, and from upstream to downstream, when and 
where the pollution index were noticed to be high respectively. 
The decreased protein level is an indication of hyper protein 
anaemia; which can be correlated with the possible inhibition 
of protein synthesis occurring in the body. However, nutritional 
imbalances, infection due to high chemical pollutants noticed 
upstream and in the dry season, kidney damage or inanition (i.e. 
condition of exhaustion caused by a lack of nutrients in the blood) 
due to pollution could be the other possible reasons. Reduction 
in the value of protein could also be due to inhibition of RNA 
synthesis or proteolytic activities. When the energy demand of 
the body is very light such that energy derived from glucogenesis 
and glycogenolysis are not enough, more energy may be obtained 
through synthesis of glucose from non-carbohydrate sources 
including protein (Gluconeogenesis). This will lead to a reduction 
in the level of protein which may eventually lead to emaciation in 
exposed fish species. Such reduction in protein due to exposure 
to toxicant had been reported in fishes (Maruthanayagam and 
Shormila, 2004). Low plasma protein in effluent exposed fish 
species was also recorded in a similar study and it was correlated 
to possible nutritional imbalance, infections disease, kidney 
damage or lack of nutrients in the blood, due to the polluted nature 
of the environment. In another study, the toxic effects of heavy 
metals like copper and zinc, and their mixture were studied on 
some selected blood biochemical parameters in common carp, 
Cyprinus carpio at sub lethal level over a period of 30 days, 
and it was submitted that, total serum protein were decreased 
significantly (Dhanapakian and Ramasamy, 2001). Similarly, 
sunfish populations (Lepomis spp.) inhabiting selenium-laden coal 
in the effluent polluted water body showed a significantly lower 
plasma protein levels and were correlated with possible nutritional 
stress and disease (Lohner et al., 2001c). However, Dethloff et al., 
(2001) reported wild rainbow trout from a creek receiving run-
off from a copper mine with total protein remained unaffected 
in another investigation, the effects of petroleum hydrocarbons 
on two marine fish species winter flounder, Pseudopleuronectes 
americanus and Atlantic cod, Gadus morhua was carried out and a 
significant decreased in total protein were reported (Kham, 1987) 
which is in conformity with the findings in the present study. Also, 
Sheriff et al., (2001) submitted a significant increase in total blood 
protein after feeding copper to Javanese Carp, Puntius gonionotus 
(Bleeker). Van vuren et al., (1994) reported an increase in blood 
protein (hyperprotenaemia) in fish, Clarias gariepinus exposed 
to copper and this was not in agreement with the observation 
recorded in this present study. Meanwhile Indian major carp, 
Labeo rohita exposed to pesticides, cypermethrin while glucose 
level was found at an elevated level (sheriff et al., 2001).

Glucose is one of the highly sensitive features of stress nature 
of an organism; its high concentration in blood plasma of the two 
fish species caught from upstream and in the dry season in this 
study, indicated that the fish is in stress and it is intensively using 
its energy reserves (i.e. glycogen in liver and muscles). Meanwhile, 
a decrease in concentration observed indicates the exhaustion of 
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energy (glycogen) resources and subsequently, the worsening of 
an organism status. A decrease in glucose in blood plasma was 
observed in a long-term exposure to heavy metals (Vosyliene, 
1999 a, b). The above submission can better support the results in 
this present investigation and an increase in the glucose level in 
the blood plasma of the two fish species, both at upstream and dry 
season, conformed to the general studies worldwide. Increased 
glucose level in fish species at upstream and in the dry season 
reflected hyperglycemia, while decrease in the downstream and 
in the rainy season, reflected hypoglycemia and these may be 
attributed to high and low level of pollution at upstream, dry season 
and downstream and rainy season respectively. Generally, both the 
conditions of different response of plasma glucose confirmed the 
presence of ailment in the fish species, a condition that may be the 
resultant effects of pollution. Hyperglycemic conditions developed 
either due to increased glycogenolysis or decrease in glucose 
utilization by the cell, which means the inhibition of glycolysis. 
It has been suggested that the mechanism behind the induction of 
hyperglycemia is the activation of sympathetic nervous system, 
which resulted in the release of adrenaline from adrenal medulla. 
Adrenaline then stimulated the pituitary to produce greater amount 
of ACTH which in turn activated the adrenal cortex to secrete 
more glucocorticoid hormones which are responsible for increased 
glucose production from liver with the consequent release into the 
blood (Sreenivasan, and Moorthy, 2011). Fox and Virgo (1986a) 
concluded that Dieldrin affects hyperglycemia by stimulating the 
lateral hypothalamus, thus increasing the cholinergic and alpha-
I-adrenergic stimulation of the pancreas. This would result in an 
increased release of glucagon and decreased secretion of insulin 
with the development of hyperglycemia (Maruthanayagam and 
Shormila, 2004). The different variations of plasma glucose 
recorded across the sample locations and the two seasons of the 
year. The decrease in glucose content observed in this work most 
especially at the downstream portion of the river and during the 
rainy season of the year may probably be related to increased 
glucose utilization required for the induction of liver enzymes and 
microsomal protein under fair environmental stability. Similarly, 
in a laboratory study where rainbow trout, Oncorhynchus mykiss 
exposed to sublethal concentrations of Cu (14 µg/l) and Zinc (57 
and 81 µg/l) showed an increase in plasma glucose (Dethloff et al., 
1999). Also, common Carp, Cyprinus Carpio treated with copper 
sulphate (CuSO4), paraquat and methidalthion exhibited increased 
blood glucose level (Aszlalos et al., 1990). In another study, the 
effects of heavy metal mixtures like Cu and Zn were studied on 

some blood biochemical parameters in fish at sublethal level over 
the period of 30 days, serum glucose were decreased significantly 
(Dhanapakiam and Ramasamy, 2001). Van Vuren et al., (1994) 
also reported an increase in blood glucose (hyperglycemia) in fish, 
Clarias gariepinus exposed to Cu, after 2-hours of exposure, the 
count of glucose increased in the blood of Carp (Nemscok, et al., 
1985). An increase in glucose count was observed only after acute 
exposure to copper (Vosyliene, 1996b). An increase in glucose 
concentration was also observed in various fish species after their 
15-day exposure to 10mg/l of hexavalent chromium Exposure 
to water from lower Rhine River induced a stress response by 
increasing glucose level in Rainbow trout (Nolan et al., 2003). 

Like total protein, cholesterol also decreased significantly 
in both the grossly polluted location and in the dry season 
when polluted load was high and the resultant effects is termed 
hypocholesterolaemia. High cholesterol in the serum of the two 
fish species showed high lipid content in the blood. Changes in 
blood cholesterol level are related to changes caused by the action 
of chemical pollutants in the river in the permeability of hepatic 
cells (Yousef et al., 2003). Accumulation of pollutants in the 
liver is reported to disrupt lipid metabolism and increase serum 
cholesterol level (Yousef et al., 2003; Kalender et al., 2005). The 
decrease in cholesterol level recorded in the present investigation 
may be linked to the lack or low availability of starting material 
acetyl-CoA for cholesterol synthesis in the absence of glucose 
utilization and dependence of body on alternate energy source 
(gluconeogenesis). Considerably, variation was found in serum 
cholesterol and protein contents after insecticide feeding to 
a freshwater fish, Clarias batrachus. Folmar (1993) noted 
significantly lower serum cholesterol and was thought to be 
associated with the chronic stress of being in an environment 
contaminated with chlorinated pesticides, PCBs and heavy 
metals. There was no significant difference in the value of albumin 
while there were significant correlations for chloride, potassium, 
sodium, calcium and hydrogen carbonate for both sampling sites 
and the two seasons of the year.   

Tables 1 and 2 showed the serum activities of the two 
bioindicators species studied in this work and an increased activity 
of AST, ALT, ALP and LDH in the plasma of C. Buthupogon and 
H. longifilis indicate that long-term exposure to chemical pollutant 
causes tissue damage in fish and this has also been reported in 
O. mykiss and Channa punctatus, exposed to diazinon and 
monocrotophos respectively (Banaee et al., 2011). The plasma 
activity of this serum indices helps to determine tissue damage in 

Parameter/Season Clarias buthupogon Heterobranchus longifilis
Rainy Season                   Dry Season    Rainy Season                             Dry Season    

AST (µkat l–1) 139.65 ± 44.01 87.23 ± 38.19a 156.21 ± 69.00 109.11 ± 21.22a

ALT (µkat l–1) 9.28 ± 1.23 4.00 ± 1.21b 11.21 ± 0.11 7.29 ± 1.10b

ALP (µkat l–1) 209.65 ± 32.69 265.03 ± 7.09b 239.71 ± 70.34 297.34 ± 89.23a

LDH (µkat l–1) 926.99 ± 77.90 876.23 ± 65.56a 877.11 ± 71.71 997.38 ± 65.70a

a=Significant differences (P<0.05) with control group;    b=Non- significant differences (P>0.05) with control group;
AST=Aspartate transeaminase;   ALT=Alkaline transeaminase; ALP= Alkaline phosphatase;  LDH=Lactate dehydrogenase.

Table 1: Blood Serum Enzyme response of the fish Species to Water pollution (Season).
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fish and this study has revealed that water pollution has a direct 
impact on the serum activities of the blood. 

Conclusively, the toxic effects of water pollution in fish have 
been demonstrated in the present study and it was established that 
pollutants in water could be moderately toxic to aquatic faunas. 
Therefore, it was proven that the use of the selected biochemical 
markers and chemical analyses has been a suitable tool to monitor 
the level of contamination of aquatic environment.
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