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This work aimed at evaluating the behavioral, biochemical and hematological effects of pharmaceutical
effluent in laboratory population of Clarias gariepinus using a static renewal bioassay S}/stem. Fish
specimens were collected and exposed to five (0.04, 0.06, 0.08, 0.10 and 0.12 mgL™) sublethal
concentrations of the effluent including a control experiment. Different dose dependent behavioral
responses such as erratic swimming, gasp for breath, restlessness, and constant upward movement
were observed in exposed fish. There was a steady decrease in the value of red blood cell (RBC),
hemoglobin (Hb) and packed cell volume (PCV) as concentrations increase compared to the control
stock. White blood cell count was found to be significantly (p<0.05) higher as the concentration of the
test medium increases. Irregular level of lymphocytes and granulocytes across all concentrations was
observed and levels of lymphocytes and granulocytes were significantly (p<0.05) increased in all
effluent-treated fish samples during the exposure period. Different levels of total protein, glucose,
cholesterol, etc., were obtained in the control and effluent-treated fish samples (p<0.05). The levels of
aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase (serum enzymes) and
lactate dehydrogenase were significantly (p<0.05) higher in the exposed C. gariepinus. The
hematological and biochemical alterations in the effluent treated C. gariepinus, which were strongly
indicative of cellular damages. This might be attributed to toxic effects of the phamarceutical effluent.
Consequently, direct discharged of untreated or partially treated pharmaceutical effluent should be
discouraged as this calls for public health concern.
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INTRODUCTION

Fishes live intimately with their environment and are indices. The use of haematological indices in assessment
exposed to varied degree of physical and chemical of fish physiological has been used as an index of fish
change in the aquatic phase and such changes can alter health status. These haematological indices are used as
their general physiology and metabolism, which may be a tool to detect physiological changes, as a result of
evaluated using their haematological and biochemical exposure to different environmental stressors such as
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handling, pollutants, metals, hypoxia, anesthetics, season
and acclimation (Ogundiran et al., 2007; Ayandiran et al.,
2010).

Pharmaceutical compounds are used for several
beneficial purposes in modern society but simultaneously
pharma industries are releasing very toxic contaminants
directly or after chemical modifications into the
environment (Halling-Sorenson et al., 2005). Moreover,
pharmaceutical waste compounds may enter the
environment by different routes such as discharge of
treated wastewater, seepage from landfills sites, sewer
lines, runoff from animal wastes, etc. (Glassmeyer et al.,
2005). Various physical and biological processes
occurring in aquatic ecosystem may cause reduction of
many pharmaceutical compounds, trace concentrations
of human and veterinary pharmaceutical compounds as
well as their metabolites have been detected in different
water bodies like surface water, groundwater and
drinking water sources (Bruce et al., 2010; Benotti et al.,
2009).

Different  industries  including pharmaceuticals,
chemicals, paints, etc., are speedily growing in Nigeria,
which dispose off their effluents into the streams either
directly or after partial treatment. Pharmaceutical
compounds had been established to reach the
environment and can be considered as environmental
pollutants. Several pharmaceutical production facilities
were found to be sources of much higher environmental
pollutants concentration than those resulting from the
applications of drugs (Larsson et al., 2007). Generally,
pharmaceutical industries generate a huge quantity of
wastes during manufacturing and maintenance
operations and trace amount of this wastewater for longer
duration in the environment may cause considerable
adverse effects to human health and aquatic life (Benotti
et al., 2009).

Information about the phamarceutical effluent toxicity at
ecosystem level is limited and there is a need to
investigate the toxicity impact of this effluent on fish.
Therefore, this present study aimed at investigating the
impact of sublethal concentrations of pharmaceutical
effluent on catfish (Clarias gariepinus) with special
reference to the haematological and biochemical
changes.

MATERIALS AND METHODS
Experimental fish and chemicals

A total of 350 freshwater Juvenile African catfish [C. gariepinus]
were procured from a local fish farm in Ogbomoso, Nigeria and
were transported to the fisheries laboratory of the Department of
Pure and Applied Biology, Ladoke Akintola University of
Technology, Ogbomoso. The fish specimens were given
prophylactic treatment immediately by bathing them repeatedly in
0.05% KMNO, to prevent possibility of any dermal infection. The
fish stock was acclimated to the laboratory condition in six [600-L]
plastic tank capacities for four weeks using non-chlorinated bore-
hole water fetched from the running taps of the university. They

were fed with 35% protein diet at 3% body weight daily in the early
hour of the day. In order to avoid oxygen depletion, the holding
tanks were continuously aerated using air pumps. The experiment
was carried out indoor to maintain suitable photoperiod. The fish
were treated in accordance with the rule conforming to worldwide
conventional principles of laboratory animal care. The behavioral
responses of the fish held in both experimental and control
conditions were monitored on hourly basis. The physico-chemical
analysis of the test medium was analyzed daily using standard
methods of APHA (2012). Pharmaceutical effluents used were
collected early in the morning at the discharge point between 7 and
8 AM from Sofak Pharmaceutical Company, Ogbomoso. The used
test media from the pharmaceutical effluent was prepared by
diluting the stock solution with a constant factor covering a large
range.

Definitive experiment

Three hundred fish from the acclimatized batch were used for the
definitive experiment. The fish were not fed 24 h prior to
commencement of the exposure to the test media throughout the
duration of the experiment, as recommended by Ward and Parrish
(1982) and Reish and Oshida (1987). The fish were randomly
selected into six groups containing 50 fish each, regardless of sex.
Each group was further randomized into two replicates, with 25 fish
per replicate in 100-L capacity glass aquaria. Fish in the first group
were exposed to borehole water only [control] and fish in the
second group were exposed to 0.04 mg/L of the test media,
respectively. The third, fourth, fifth and sixth groups were treated
with 0.06, 0.08, 0.10 and 0.12 mg/L of the test media, respectively.
The experiment was conducted within six weeks in a static renewal
bioassay system in which the water and the effluent were changed
daily to maintain constant effluent concentration. The test
concentrations of the pharmaceutical effluent were prepared by
dilution from the stock. The dose schedule selected was based on
presumptive investigation involving a range finding test from
previous reports in literatures.

Collection of blood sample and hematological analysis

At the expiration of the experiment, blood needed for the
haematological investigation was collected from anesthetized fish
samples in each treatment and control stocks with MS 222 [Ethyl 3-
aminobenzoate methane sulfonate salt] to minimize stress. Blood
was obtained by cardiac puncture using a hypodermic heparinized
syringe. The collected blood samples were transferred into small
vials, which were also previously rinsed with heparin. Red blood cell
(RBC) counts were estimated using a Neubauer hemocytometer, as
described by Rusia et al. (1992) and Allen (1993). 0.02 mL of blood
was pipetted from the blood sample and added to 4 mL of the RBC
diluting fluid [Toisson’s solution], in a clean test tube to make a 1:20
dilution of the blood sample (Clara et al., 2004). The diluted blood
sample was loaded onto a Neubauer counting chamber, and all
RBCs in the five groups of 16 small squares in the central area of
the Neubauer chamber was counted using a light microscope at
40X objective. The number of cells counted for each sample was
multiplied by 10000 to obtain the RBC count per microliter of blood.
Hematocrit [packed cell volume (PCV)] was determined using the
microhematocrit method of Nelson and Morris (1989), in which the
capillary tubes were filled with blood and centrifuged for 5 min at
14000% g using a microhematocrit centrifuge (Hawkesley & Sons,
Ltd, Lancing, UK) at room temperature. Soon after centrifuging, the
hematocrit was read using the microhematocrit reader.

The result was expressed as the percentage of whole blood.
Hemoglobin determination was done using the cyanmethemoglobin
method (Blaxhall and Daisley, 1973). About 0.02 ml of blood was
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Table 1. Physico-chemical characteristics of the pharmaceutical effluent used.

Parameter Effluent value Standard value
Dissolved Oxygen (mg/L) 0.83+0.03 6.0
pH 5.70+0.01 6.5-9.5
Total Solids (mg/L) 318.67+8.82 <1000
BOD (mg/L) 127.00£1.53 50
COD (mg/L) 241.3349,91 ND
Alkalinity 3.83+0.08 ND
Total Hardness 72.87+0.81 <200
Conductivity (US) 979.67+0.88 NP
SO4 (mg/L) 18.17+0.12 500
CI' (mg/L) 34.67+0.11 ND
PO4 (mg/L) 16.50+0.17 5.0
Lead (mg/L) 0.05+0.02 <0.01
Copper (mg/L) 0.06+0.01 <2.0
Zinc (mg/L) 0.04+1.01 <1.0
Iron (mg/L) 0.08+0.02 <1.0

ND, Not determined.

mixed with 4 mL of Drabkin’s solution and this was allowed to stand
for 10 min to attain full color development. Absorbance was read at
540 nm with a Unican spectrophotometer against the blank. For
determination of leucocytes, 0.02 mL of blood was pipetted into a
small test tube containing 0.38 mL of white blood cell (WBC)
diluting fluid (Turk’s solution) to make a 1:20 dilution of the blood
sample. The diluted sample was loaded onto the Neubauer
counting chamber, and all cells on the four corner squares were
counted using a light microscope at 10X objective. The total
number of WBCs was calculated in mm3x10*. Aspartate
aminotransferase (AST) and alanine aminotranferease (ALT) were
analyzed according to the method of Reitman and Frankel (1957),
alkaline phosphatase (ALP) according to Bessey et al. (1946) and
lactate dehydrogenase (LDH), according to the method of Wahua
(1999).

Statistical analysis

The data obtained from the results of all the analysis were
subjected to statistical analysis using SPSS 16.0 software. Data
were subjected to one-way analysis of variance, Duncan multiple
range test was used to determine the significant difference at the
5% probability level, and the results were expressed as the means
standard error.

RESULTS AND DISCUSSION
Physico-chemical analysis of the test medium

The physico-chemical characteristics of the effluent used
is shown in Table 1 and virtually all the analyzed
parameters were found to exceed (WHO, 2011)
standards for effluent discharge into any category of
water bodies. The results of the hematological and
biochemical responses of the test organism to varying
concentrations of pharmaceutical effluent are show in

Tables 2 and 3, respectively, while the activities of some
selected serum enzymes are shown in Table 4. Most of
the physico-chemical attributes of the effluent used
showed deviations from the WHO (2011) of the
permissible level of physical, chemical and heavy metals
in any categories of water. Thus, continuous discharge
of the effluent into water bodies over time might lead into
the bioaccumulation of metals in fish tissues and
organisms in nearby water bodies.

Behavioral responses

Exposure of the test organism C. gariepinus to
pharmaceutical effluent caused visible behavioural
changes in the fish. After 60 min, their swimming activity
slowed down, the test fishes felt suffocation, they tried to
stay at upper water surface to gasp for air, irregular and
jerky movement, and loss of body equilibrium were also
pronounced. Also, they settle down at the bottom of the
aquaria and those that are not able to withstand the
situation died. Fishes of control group were free from
such behavioural changes. This conforms to the
submission of Adewoye (2010).

Hematological and biochemical response

Fishes are in direct contact with their surrounding
environment and any change in the environment will be
reflected as changes in their physiological processes and
survival. Fishes possess shorter development time
compared to mammalian species. The present study
revealed an interesting pattern of response of the
haematological variables in effluent exposed fish. In
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Table 2. Hematological indices of Clarias gariepinus exposed to pharmaceutical effluent.

Parameter 0.00 (mg/L) 0.04 (mg/L) 0.06 (mg/L) 0.08 (mg/L) 0.10 (mg/L) 0.12 (mg/L)
Packed cell volume (%) 26.00£2.00 24.5+0.5 24.00+1.00 22.00+2.00 23.00+1.00 21.00£1.00
Red blood cell () 3.10+0.10 2.95+0.25 2.85+0.05 3.15+0.05 1.10£0.10 1.00+0.10
White blood cell () 1270+0.10 2200+0.35 3000+0.05 9200+0.01 10000+0.10 8700+0.10
Hemoglobin (g/dl) 7.29+0.65 5.21+2.22 5.01+0.01 4.75x1.10 4.33x1.11 4.01+1.19
Granulocyte (%) 37.00£2.01 27.50+2.50 30.5+2.50 32.00£2.00 28.50+0.50 27.50£1.50
Leucocyte (%) 70.00+2.11 72.50+2.50 69.50+2.50 58.00£2.00 71.51+0.55 72.50£1.35
Table 3. Biochemical indices of Clarias gariepinus exposed to pharmaceutical effluent.
Parameter (mg/L) Total protein Glucose Cholesterol Albumin Chloride  Potassium  Calcium
Control 35.00+3.00 86.10+4.00 100.0+2.21  16.00+0.01 94.50+2.50 3.60+0.02  2.35+0.05
0.04 32.51+1.50 79.00+£1.00 108.0+2.01 19.50+1.50 91.00+0.01 3.40+0.20 2.10+0.20
0.06 31.00+3.00 73.00+1.00 115.0+0.09 19.00+1.00 88.50+1.50 3.35+0.05 2.00+0.15
0.08 33.00+2.00 74.00+0.01 112.0+0.04 23.50+0.05 89.50+0.01 3.15+0.05 2.21+0.02
0.10 27.00+1.00 61.11+2.00 126.1+550 21.55%¥1.45 77.91+2.11 3.11+0.01 1.21+0.01
0.12 25.15+¢2.31  55.01+2.22 119.0+13.29 27.01+1.56 75.55+1.00 3.00+0.07 1.11+0.02
Table 4. Response of serum enzyme of Clarias gariepinus to varying concentrations of pharmaceutical effluent.
Parameter (pkat') 0.00 (mg/L) 0.04 (mg/L) 0.06 (mg/L) 0.08 (mg/L) 0.10 (mg/L) 0.12 (mg/L)
Alanine aminotransferase 0.45+0.10 0.3940.51 0.3340.01 0.4240.11 0.46+0.05 0.49+1.09
Aspartate aminotransferase 3.99+0.11 2.12+0.15 2.21+0.55 2.01+£1.15 2.00£0.00 1.74+1.13
Alkaline phosphate 1270+0.10 2200+0.35 3000+0.05 9200+0.01 10000+0.10 8700+0.10
Lactate dehydrogenase 15.21+1.23 11.39+2.05 12.46+0.19 10.25+1.21 8.20£2.00 9.22+4.65

addition, different concentrations resulted in an anemic
condition in fish, as shown from decreased RBC, PCV
and hemoglobin (Hb) values as effluent concentration
increases. From the present results, reduction in RBC
count, PCV and Hb concentrations of tested fish
compared to control may be due partly to the presence of
heavy metals and other pollutants in the utilized effluent
and the toxicity of this effluent may cause RBC lysis.
Previous studies had shown a decrease in RBC counts,
relative PCV and Hb values when fish were exposed to
cassava effluent (Adekunle et al, 2007), diazinon
(Svoboda et al., 2001), textile dyes (Al-sabti, 2000) and
soap and detergent effluent (Ogundiran et al., 2007).
These findings are in agreement with the present results.
On the contrary, an increase in RBC, Hb and Ht values
were recorded in African catfish on exposure to Gold
crew (Alagoaa et al.,, 2009), to copper (Mazon et al.,
2002) and in Nile Tilapia and catfish exposed to lead (Al-
Akela et al., 2000). Deformed RBCs were detected on
exposure to cadmium (Witeska et al., 2006) and
environmental pollution (Pacheco and sSantos 2002).
Moreover, marked reduction in the value of hematological

indices as documented in this work may also be
attributed to a reduction in the level of cellular iron
resulting in reduced oxygen carrying capacities of the

blood which eventually stimulates erythrocytic
degradation.
The concentration of hemoglobin  decreased

significantly (p< 0.05) in the blood of fish exposed to the
pharmaceutical effluent. Heavy metals have been
reported to alter the properties of haemoglobin by
decreasing their affinity towards oxygen binding capacity
rendering the erythrocytes more fragile and permeable
(Witeska et al., 2006; Ogundiran et al., 2007; Vinodhini
and Narayanan 2009) that probably results in cell swelling
deformation and damage observed. It is evidently shown
that cadmium influences the differential blood count (Gill
et al.,, 1993). The results are in good concurrence with
earlier works (Vinodhini and Narayanan 2009; Vutkuru
2005) that reported a significant decrease in RBC's
hemoglobin and packed cell volume of fresh water fish
exposed to heavy metals. The perturbation in these blood
indices may be attributed to a defense reaction against
toxicity through the stimulation of erythropoiesis. The



related decreases in hematological indices implicate the
toxic effect of the pharmaceutical wastewater that affects
both metabolic and hematopoietic activities of C.
gariepinus. Exposure to high concentration of the toxicant
affected feeding behavior of C. gariepinus, with fish
exposed to 14.1589 m/L effluent consuming less than
80.0% of the food supplied. And consequently, the
observed dose-based reduction in haematological
parameters in C. gariepinus in this study therefore
conforms to the report of Tacon (1993) and Osuigwe et
al., (2005) that nutritionally deficient diets cause decrease
in haemaglobin concentration, reduced haematocrit and
red blood cell count. Physiologically, haemoglobin is
crucial to the survival of fish, being directly related to the
oxygen binding capacity of blood. However, the reduction
observed in this study may not have had a
deleterious/lethal effect on C. gariepinus, given that the
values are within the normal range recorded for African
catfish (Musa and omoregie 1999; Ayandiran et al., 2010;
Yekeen and Fawole 2011). The present haematological
data provides valuable information in assessing the
health of C. gariepinus and in monitoring stress
responses to the metal wastewater.

Glucose and total protein concentrations in blood of the
C. gariepinus exposed to different sublethal
concentrations of pharmaceutical effluent showed that
there was a significant decrease as the concentration of
the effluent increases (Table 2). The glucose concen-
tration in animals exposed to sub-lethal concentrations of
pharmaceutical effluent was significantly different
(p<0.05) from the concentrations in control animals.
Albumin concentrations in blood of the C. gariepinus
exposed-fish showed that there was a slight significant
(p<0.05) increase in the concentrations in the exposed
animals as compared to the controls. The blood
electrolyte [Sodium, Potassium and Calcium] recorded a
significant (p<0.05) decrease in their respective values as
the concentration of the effluent increases. All the
anomalies recorded in the biochemical response of
pharmaceutical effluent-exposed C. gariepinus may be
stress due to the potency of the effluent-used.

The activities of serum enzymes (AST, ALT, ALP and
LDH) were significantly (p<0.05) higher in the exposed C.
gariepinus compared to the control. The significant
(p<0.05) decrease in the activities of serum enzymes
[AST, ALT and ALP] in the exposed fish compared to the
control stock may have resulted from cellular damage in
these fish, which might have arisen from the potency of
the pharmaceutical effluent. This observation was similar
to what Ozgur et al., (2011) reported where they
observed significant increase (p<0.05) in serum enzyme
activities of Nile tilapia Oreochromis niloticus exposed to
a pesticide cypermetrin and two metals copper and lead.
Serum activities also increased significantly in African
catfish when Nkpondion et al. (2016) exposed the fishes
to detergent. This is because serum enzymes are
cytoplasmic in nature and are only released into blood
circulation after cellular damage (Nkpondion et al., 2016).
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Conclusions

The effluent-water levels had negative direct or indirect
effects on the haematological and biochemical
parameters of C. gariepinus. The blood parameters of C.
gariepinus not only revealed cellular disturbances but
also adaptive responses. Increase in leukocytes implies a
mobilization of cell defense, although the reduction of the
small lymphocytes percentage suggests a secondary
effect of effluent. On the other hand, the decrease in red
blood cell parameters [RBC, Hb and PCV] indicates an
aneamic condition which gradually progresses upon
prolonged exposure eventually cause hypochromic
macrocytic anemia attributed to the swelling of the red
blood cells, haemodilution and impaired haemoglobin
synthesis. The increase in developing haemocytoplast
and myelocytes emphasizes the compensatory and
defensive reaction of fish to pollution. Contamination of
aquatic environment by heavy metals whether as a
consequence of acute or chronic events constitutes
additional source of stress for aquatic organisms.
Toxicants and pollutants can result in several
physiological dysfunctions in fish which could induce
changes in blood parameters. Therefore, the reduction
and increase in these blood parameters are indication of
hyperglycaemia and hypoproteinemia caused by
exposure to the phostoxin concentrations. Generally, the
effects of the pharmaceutical effluent were more
pronounced in serum enzymes activities than in the
haematological responses of the exposed C. gariepinus.
However, significant (p<0.05) increase in serum enzymes
and WBC counts of the wild C. gariepinus were indicative
of cellular damages in exposed fishes. Therefore,
indiscriminate consumption of fish most especially from a
polluted environment should be discouraged.
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