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The potential toxicity of multivitamins production effluent sourced from the 
discharge point of a pharmaceutical industry in Kwara State, Nigera was 
investigated using Clarias gariepinus. The growth performance, 
biochemistry of alterations and histopathological lesions in tissues and 
organs of post juvenile Clarias gariepinus was also analyzed. The impact of 
long term exposure to the effluent was evaluated using 0, 2, 4, 6, 8 and 10 % 
concentrations of the effluent for 21 days, following a range finding test. C. 
gariepinus exposed to sub-lethal concentrations of effluent showed 
increased growth performance and nutrient utilization at the 10% effluent 
concentration. Biochemical studies carried out on the gill, fin, liver and 
muscle showed that activities of anti- oxidative stress enzymes, Superoxide 
Dismutase (SOD), Catalase (CAT), and Glutathione-S- Transferase (GST), 
were higher in the liver of the effluent exposed C. gariepinus when compared 
to other tissues. Behavioural changes observed in fish exposed to all 
concentration of the effluent and control was normal. Histopathological 
examination of C. gariepinus exposed to sub-lethal concentrations of the 
effluent showed severe degenerating changes in liver and gills than muscles 
and fin. In this study, the effluent had pronounced effect on the growth and 
enzymatic activities of studied tissues and organs of C. gariepinus. 
Conclusively, this study revealed that the multivitamins production effluent, 
although treated is still a potent contaminant to post juvenile C. gariepinus. 
 
Key words: Clarias gariepinus, pharmaceutical industries, multivitamins 
production  effluent, enzyme, growth, histopathology. 

 
 
INTRODUCTION 
 
Contamination of aquatic environment with industrial 
effluent has become a matter of great concern because of 
their toxicity and persistence inducing some level of 
alterations in the chemical composition of aquatic 
environment. Toxic substances may be introduced 
deliberately or accidentally into the aquatic ecosystem, 
impairing the quality of water and making it unsuitable for 
aquatic life. When the concentration of the toxic substance 
is higher than what the homeostasis of the aquatic 
organisms can control, it results in death/organ damages. 
In fish, organs such as opercula, the skin, liver and gill could 
be impaired (Oyedapo and Akinduyite, 2011). The need to 

detect and determine the impact of contamination on the 
quality of the environment has prompted the study of, and 
research into, the biochemical and molecular markers of 
biological effects of pollutants on aquatic organisms 
(Faverney et al., 2001). 

A biomarker, according to Peakall and Walker (1996), is 
“any biological response to an environmental chemical at 
the individual level or below demonstrating a departure 
from the normal status.” They therefore are the decisive 
indicators of the toxic effect (Van der Oost et al., 2003). 
Biochemical markers like protein, and enzymes are 
frequently used as an indicator of the general state of health  
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and early warning of stress in fish under stressful 
conditions (Abou El-Naga et al., 2005; Osman et al., 2010; 
Aladesanmi, 2014). 

Oxidative stress, a pathological process relating to over-
production of reactive oxygen species (ROS) in tissues is 
one important general toxicity mechanism for many 
xenobiotics. Oxidative stress was shown to be induced by 
anthropogenic contaminants such as persistent organic 
pollutants (POPs), heavy metals and effluents released by 
manufacturing industries (Ding et al., 1998; Van der Oost et 
al., 2003). Many organisms including fishes have evolved 
mechanisms to counteract the impact of ROS. These include 
various antioxidant defence enzymes such as superoxide 
dismutase, catalase and glutathione S-transferase. 

Glutathione-S-transferases are a family of multifunctional 
enzymes that are involved in the detoxification of both 
xenobiotics as well as endogenous reactive compounds of 
cellular metabolism (Skipsey et al., 1997). GST plays a 
critical role in mitigating oxidative stress in all life as an 
antioxidant enzyme, a GST activity either has a significant 
increase or decrease with different patterns according to 
the exposed elements or exposure conditions. GST activity 
varied in different tissues and organs of aquatic animals 
(Farombi et al., 2007). Superoxide dismutase (SOD) 
converts superoxide radicals (O2-) generated in 

peroxisomes and mitochondria to hydrogen peroxide, 
catalase being a primary antioxidant defense component 
then eliminates the hydrogen peroxide 
(2H2O2→2H2O+O2), a non-radical reactive oxygen species 

which can penetrate through all biological membranes and 
directly inactivate few enzymes. CAT is considered as a 
sensitive biomarker of oxidative stress before major 
deleterious effects occur in fish (Gul et al., 2004; Sanchez et 
al., 2005). GST, CAT and SOD activity has been widely used 
as a biomarker to detect stress. 

Histopathological changes have been widely used as 
biomarkers in the evaluation of  the health of fish exposed 
to contaminants, both in the laboratory (Thophon et al., 
2003) and field  studies(Schwaiger et al., 1997; Teh et al., 
1997; Das and Mukherjee, 2000). One of the great 
advantages of using Histopathological biomarkers in 
environmental monitoring is that this category of 
biomarkers allows examining specific target organs, 
including gills, kidney and liver, that are responsible for 
vital functions, such as respiration, excretion and the 
accumulation and biotransformation of xenobiotics in the 
fish (Gernhofer et al., 2001). The liver carries out essential 
body functions including regulation of metabolism, 
synthesis of plasma proteins, energy storage, storage of 
certain vitamins and trace metals and transformation and 
excretion of steroids and detoxification of xenobiotics. In 
general, the liver is  a target organ due to its large blood 
supply that causes significant toxicant  exposure  and 
accumulation, as well as its major roles in toxicant 
metabolism and clearance (Mohamed, 2009). Gills are one 
of the vital organs, which come into direct contact with 
water and are indicative of any environmental 
stress(Ramesh and Nagarajan, 2007). Gills have frequently  

  
 

 
been used in the assessment of impact of aquatic pollutants 
in marine as well as freshwater habitats. (Fernandes and 
Mazon. 2003; Athikesavan et al., 2006; Jimenez-Tenorio et 
al., 2007). Previous Histopathologic studies have been 
carried out on the muscle of fish species (Elnemaki and 
Abuzinadah, 2003; Sivarkumar et al., 2015), however, it is 
also important to know the extent of damage 
pharmaceuticals can cause on the fin of fish in the 
environment Pharmaceutical effluents are liquid wastes 
generated by pharmaceutical industries during the process 
of drugs manufacturing (Agboola and Fawole, 2014). The 
occurrences of numerous pharmaceuticals in municipal 
waste water and in surface waters that receive waste water 
effluent have been reported (Hartmann et al., 1998; Hirsch 
et al., 1999). Pharmaceutical plants generate a wide variety 
of wastes during manufacturing, maintenance and 
housekeeping operations and they suffer from inadequate 
effluent treatment due to the presence of recalcitrant 
substances. (APHA, 1995). The composition of 
pharmaceutical effluent depends on the drugs under 
production. A number of research has been carried out on 
pharmaceutical effluent with little emphasis on 
multivitamins production effluent. The impact of 
multivitamins production effluent on the aquatic 
environment (which is  usually the recipient) can be well 
understood by evaluating the growth response and 
antioxidant enzyme activities in the fish tissues. 

Clarias gariepinus (African catfish) was used for this 
research because it is widely cultivated in Nigerian water 
bodies, it is hardy, it is able to tolerate both well and poorly 
oxygenated waters and it is highly relished in African 
dishes. Clarias gariepinus is a benthopelagic fresh water 
fish, with feeding habits and ecological distribution that 
increase its exposure to xenobiotics (Chibuisi et al., 2015). 
The objectives of this study therefore were to investigate 
the growth performance and antioxidant enzyme activity of 
Clarias gariepinus exposed to sub-lethal concentrations of 
multivitamins production effluent. 
 

 
MATERIALS AND METHODS 
 

Effluent Sampling and Analysis 
 

The test solution (multivitamins production effluent) used 
in this toxicity test was collected from the discharge point 
of a Pharmaceutical Industry in Kwara State, Nigeria. The 
effluent samples was collected using plastic kegs. Analysis 
of physicochemical properties and heavy metal 
concentration of the effluent was carried out using 
standard methods as described by APHA (1995) and 
Ademoroti (1996). 
 
Toxicity Testing 
 
Post juvenile African catfish (Clarias gariepinus) with mean 
weight 40.44 ± 1.26 g and mean length 20.14 ± 0.27 cm 
were procured from a Fish Hatchery at the Department of 
Animal    Sciences,    Obafemi  Awolowo  University,   Ile-Ife,  
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Table 1. Fish Growth Parameters Indices 
 

S/N Parameter Formular  
1 Daily Feed Intake  

 

Where: 
TFI = Total Feed Intake t = Rearing period 
(days) Wf = Final Weight 
Wi = Initial Weight 
MWG = Mean Weight Gain Log = Logarithm 
Nf = Final number of fish at the end of the 
experiment 
Ni = Initial number of fish at the beginning of 
the experiment 
L = Mean Total Length of fish (cm) 

2 Mean Weight Gain Wf  – Wi 

3 Daily Weight Gain  

 
4 Percentage Weight Gain  

 
5 Specific Growth Rate  

 
6 Feed Conversion Ratio  

 

 

7 Percentage Survival  

 

 

8 Fulton’s Condition Factor  

 

 

 
 
 
Nigeria. The fishes were acclimatized to laboratory 
conditions for one week, in stock tanks and fed once daily 
with commercial feed pellets (Odiete, 1999). A static 
renewal bioassay was adopted in which the test media was 
regularly renewed every 48 hrs at the set concentrations 
(ASTM, 1990). After acclimatization, a range finding test 
(Solbe, 1995) was  conducted to determine the 
concentrations to be used for the definitive test. Five 
concentrations (2%, 4%, 6%, 8% and 10%) were set up in 
replicates including a control for the sub-chronic evaluation 
and the entire exposure period was 21 days. 
 
Fish Growth Performance Evaluation 

 
A sensitive weighing balance was used to take the weights 
of the experimental fish (in grams). Data collection started 
on the first day of stocking and ended on the twenty first 
day (Table 1). During the experimental period, the fish in 
each treatment tank was weighed weekly. From the data 
collected, the quantity of the feed consumed, the growth 
performance and the feed utilisation data were generated 
(Pitcher and Hart, 1982; Burel et al., 2000). 

 
Water Quality Assessment 

 
pH, temperature, dissolved oxygen (DO), biochemical 
oxygen demand (BOD), acidity, alkalinity, nitrate, sodium 

and calcium ions collected from each tank were determined 
at the end of  the sub-chronic evaluation according to 
standard procedures (APHA, 1995; Ademoroti, 1996). 
 
Evaluation of Enzymatic Activity 
 
Glutathione-S-Transferases (GST), Catalase (CAT) and 
Superoxide Dismutase (SOD) were isolated from the liver, 
muscle, gills and fin of the fish by homogenisation of each 
tissue using  specific buffers for each enzyme. The tissues 
and organs (muscle, gill, liver and fin) were weighed, 
crushed in a mortar and pestle and homogenised (1:2 w/v) 
using 0.05M phosphate buffer (pH 6.5). The homogenate 
was divided into two portions, one for measuring SOD and 
a second centrifuged at (16,000 g for 45 min) was used to 
obtain a supernatant fraction for the determination of GST 
and  CAT activities. 
 
Glutathione-S-Transferase (GST) 

 
The GST activities in response to the effluent treatments 
was determined using the method of Habig et al., 1974. 
Enzyme Reaction: Glutathione-SH + CDNB -> Glutathione-S-
CDNB 

GST Activity = [ ] ×  × any sample 

dilution = U/ml    Where 340/min = The  slope   from   the  
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graph of absorbance against time 0.0096µM
-1

/cm = Molar 
extinction of CDNB 

1 = Total reaction volume 
 
Catalase 
 
Catalase activities in C. gariepinus in response to 
multivitamins production effluent were evaluated in the 
supernatant of the homogenates at 570 nm by the method 
of Sinha et al., (1972) as employed by Meena et al., (2014). 
 
Calculation: Units/ml = ∆A/min x d x Vt 
V x 0.0436 
d = dilution of original sample for Catalase Reaction V = 
Sample volume in Catalase Reaction (0.05 ml) 0.0436 = 

ε
mM  

for hydrogen peroxide 
Vt = Total reaction volume 
 
Superoxide Dismutase (SOD) 
 
Superoxide Dismutase (SOD) activities in C. gariepinus in 
response to multivitamins production effluent were 
determined at 420 nm according to the protocol of McCord 
and Fridovich (1969). 

Calculation: Increase in absorbance per minutes = A3 – 

A0/2.5 Where A0  = absorbance after 30 seconds 

A3  = absorbance after 150 seconds 

% inhibition = 100 – 100 x (increase in absorbance for 
substrate/increase in absorbance for blank) 

1 unit of SOD activity was given as the amount of SOD 
necessary to cause 50% inhibition of the oxidation of 
adrenaline. 

 
Histopathological Examination 

 
After 21 days, the gills, liver, fins and muscle were removed 
and prepared for histopathological examinations. The 
organisms were decapitated, dissected and assessed 
individually. After proper dissection, the gills, fins and 
muscle were carefully removed and small pieces was fixed 
in 10 % formalin for 24 hrs: After which, the liver was 
dehydrated through a series of graded alcohol, cleared in 
xylene, infiltrated with paraffin in a vacuum oven at 56°C, 
then embedded in paraffin wax. Sections of 6 microns 
thickness were cut, mounted and stained with 
heamatoxylin and eosin. Each section was used to make 
slides of tissue and then observed under the microscope for 
proper description of their histological structures, 
appearance, and cell arrangement. The respective 
photomicrographs of the slides were taken for proper 
observations and interpretations (Kelly, 1979). 

 
Statistical Analysis 

 
Statistical analysis of the parameters were done using SPSS 
21  package. One-way  analysis  of   variance (ANOVA)    was  

 
 
 
 
used to compare the means of results obtained from 
biochemical analysis and where a significant difference (p < 
0.05) was obtained from the ANOVA, Duncan Multiple 
Range Test (DMRT) was used to detect the source of the 
difference. Correlation coefficient was used to determine 
any relationship between enzymatic activities and 
physicochemical   parameters. 
 
 
RESULTS 
 
Physicochemical Properties of the Multivitamins 
Production Effluent 
 
The result for most effluent parameters analyzed showed a 
number of deviation from FEPA, NESREA and USEPA 
standards on guidelines for effluent discharges for 
aquaculture (Table 2). Although, the concentration of 
cadmium, chromium, copper, iron and lead (0.01, 0.032, 
0.10, 0.068 and 0.012 mg/L) respectively were below the 
national (FEPA and NESREA) and international (USEPA) 
limits for effluent discharge. The physicochemical 
properties of the effluent showed that it was highly alkaline 
(118 mg/L) with a high value of dissolved oxygen (11.0 
mg/L) and total hardness (131.4 mg/L). 
 
Behavioural Changes in Fish 
 
Fish behaviour in all the tanks was normal throughout the 
experiment but on few occasions, lethargy and vertical 
swimming were noticed usually prior to water change. No 
mortality was recorded. 
 
Fish Growth Performance and Nutrient Utilization 
 
The survival of the fish in the experimental tank was 100%. 
All the tanks recorded a fish survival rate of 100 ± 0.00% 
throughout the 21 days exposure. The mean weight gained 
of the fish throughout the exposure period varied between 
10.54 ± 1.04 g to 15.28 ± 2.63 g. The lowest mean weight 
gain of 10.54 ± 1.04 was recorded in the treatment with 2% 
concentration of effluent. The mean weight gain increased 
as concentration increased with the highest concentration 
having the highest mean weight gain of 15.28 ± 2.63 g. This 
is higher than the control of 13.29 ± 1.08 g. Furthermore, a 
percentage weight gain of 32.9 ± 0.90% was calculated for 
fish in the control tanks, 10% treatment had the highest 
percentage of 39.25 ± 6.07% and the lowest percentage 
weight gain of 26.16 ± 1.23% was seen in the least 
treatment. Percentage weight gain also increased with 
increase in concentration. 

The daily feed intake calculated was highest in the 4% 
treatment with a value of 4.32 ± 0.27 followed by the 8% 
treatment with a value of 4.16 ± 0.47. Fish in 6% treatment 
has the lowest daily feed intake of 3.85 ± 0.71. Also, feed 
conversion rate was highest in the 2% treatment, followed 
by  the 6% treatment and the control. The lowest feed 
conversion   rate    was  found   in   the 10% treatment. Feed  
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Table 2. Physicochemical Properties of the Pharmaceutical Effluent 
 

Parameter Effluent FEPA (1991) 
Limit 

NESREA (2009) 
Limit 

USEPA (2009) 
Limit 

Ph 8.0 6 – 9 6 – 9 6.5 – 8.5 

Temp. (oC) 28.0 < 40   
DO (mg/L) 11.0 5.0 - - 
BOD (mg/L) 10.2 50 50 250 
TDS (mg/L) 313 2000 500 500 
Conductivity (µs/cm) 526 - - - 
Alkalinity (mg/L) 118 45 45 - 

Acidity (mg/L) 386    

Calcium (mg/L) 50.12 200 - - 
Magnesium (mg/L) 1.23 - - - 
Total Hardness (mg/L) 131.34 - - 0 – 75 
Sulphate (mg/L) 6.74 500 250 250 
Nitrate (mg/L) 0.21 20 10 10 
True Colour (Pt.Co) 166.1    

Apparent Colour (Pt.Co) 230.1    

COD (mg/L) 74.4    

Heavy Metal (mgL-1)     

Cadmium 0.01 < 1  0.005 

Chromium 0.035 < 1  0.1 

Copper 0.100 < 1 0.5 1.3 
Iron 0.068 20 1 0.3 

Lead 0.012 < 1 0.05 0.015 
 

BOD = Biochemical Oxygen Demand, DO = Dissolved Oxygen. TDS = Total Dissolved Solids COD = Chemical Oxygen 
Demand, FEPA = Federal Environmental Protection Agency, 
NESREA = National Environmental Standards and Regulations Enforcement Agency,  
USEPA = United States Environmental Protection Agency maximum permissible limits for effluent from wastewater. 

 
 
 
conversion rate by fish reduces in tank as the concentration 
of effluent increases. 

The Fulton’s condition factor was lowest in the control 
followed by 8% treatment then the 10%. 8% and 10% 
treatment had the lowest conditional factor of 0.47 ± 0.02 
and 0.49 ± 0.01 as compared to other treatment which 
showed a poor fish condition as a result of physiological 
stress due to the presence of high concentration of the 
effluent. Fulton’s condition factor was highest and constant 
in the 2% and 4% treatments. In addition, mean daily 
weight gained were observed to range from 0.5 ± 0.05 to 
0.73 ± 0.13 g/d. The fish in the 2% treatment had the 
lowest daily weight gain of 0.5  ±  0.05  g/d  and the  mean  
daily weight  gained  increased as  concentration increased  
with 10% treatment having the highest mean daily weight 
gained of 0.73 ± 0.13 g/d. This is higher than the control of 
0.63 ± 0.05 g/d. Lastly, Specific growth rate calculated 
ranged from 0.48 ± 0.02% – 0.68 ± 0.09%. The 10% 
treatment recorded the highest specific growth rate of 0.68 
± 0.09% while the 2% treatment had the least specific 
growth rate of 0.48 ± 0.02%. The specific growth rate also 
increased with increase in concentration in the tanks. 
Summary of fish growth performance is shown in Figure 1. 
 
Water Quality Assessment 
 
The result of the physicochemical parameter carried out on 

the culture water for different concentrations of the 
effluent at the end of the sub-chronic evaluation is as 
shown in Figure 2. 
 
Histopathological Changes 
 
The Liver, muscles, fins and gills sections of C. gariepinus 
exposed to different concentrations of multivitamins 
production effluent showed extensive degeneration of 
histological structure compared to the control (Plates 1-4). 
Necrosis of the hepatocytes was common to all the tissues 
in most effluent treatment, however extensive necrosis and 
degeneration of hepatocytes were seen from the 6% 
treatment. Further degenerations such as severe steatosis, 
cirrhosis (fibrosis of the liver), hyperemia, cytoplasmic 
vacuolation (in the liver); fibrosis, disorganization and 
discolouration, shortening and thickening of muscle bundle 
(in the muscle); narrowing and thinning of the cartilages 
and extensive erosion disorganization (in the fins); and 
infiltration by inflammatory cells, epithelial erosion and 
lifting, vascular damage as a result of blood congestion, 
extensive vacuolation, mucus secretion, high epithelial 
lifting and erosion (in the gills) were observed. 
 
Enzymatic Activities 
 
The   result   showed  that  Glutathione-S-Transferase (GST),  
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Fig. 1. Fish Growth Parameter Indices of C. gariepinus Exposed to Varying 

Concentrations of Multivitamins Production Effluent. Values are means ± S.E, 

Means with the same letter are not significantly (p ≥ 0.05) different among 

concentrations at 95% confidence level 

 
 

Figure 1: Fish Growth Parameter Indices of C. gariepinus Exposed to Varying Concentrations of Multivitamins 
Production Effluent. Values are means ± S.E, Means with the same letter are not significantly (p ≥ 0.05) 
different among concentrations at 95% confidence level 

 
  

 
 

 

 
 

 

Fig. 2. Physicochemical Parameter of the Different Effluent Concentration after 21 days exposure 

 

 

 
 

 
 

Figure 2: Physicochemical Parameter of the Different Effluent Concentration after 21 days exposure 
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Plate 1 Photomicrograph of the liver 
 

 
 
 
 
Catalase (CAT) and Superoxide Dismutase (SOD) activities 
were highest in the liver when compared to other 
tissues/organs. CAT activity in all tissues ranged from 0.62 
to 24.57 µmol/min/mg protein. In the gill, CAT activity 
fluctuated in the various concentration with the highest 
concentration having the least activity. Also, CAT activity in 
the muscle and liver increased in the first three 
concentrations (0%, 2% and 4%), with a sharp decline in 

the 6% effluent concentration and the activity increased 
progressively up to the highest concentration. Furthermore, 
CAT activity in all treatments of the fin was high when 
compared to the gill and muscle. The activity of GST in all 
tissues ranged from 2.48 to 56.30 µmol/min/mg protein. In 
the fin GST reduced as concentration increased except for 
the 10% treatment where there was a sharp increase. In 
addition, the  activity   of   GST  in  the  liver  of C. gariepinus  
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Plate 2 Photomicrograph of the muscle 
 

 
 
 
 
followed the same trend as in CAT above. (Figure 3). 
 
 
DISCUSSION 
 
The result for most effluent parameters analyzed showed a 
number of deviation from FEPA, NESREA and USEPA 
standards on guidelines for effluent discharges for 
aquaculture. This could be related to the specific product 

under production during sampling (Osaigboro and Orhue, 
2006). The physicochemical properties of the multivitamin 
production effluent showed that alkalinity (118  mg/L), 
total dissolved solids (313 mg/L) and dissolved oxygen 
(11.0 mg/L) were high. This is similar to the report of Obasi 
et al., (2014) and Agboola and Fawole (2014). The high 
alkalinity could cause fish death, damage to outer surfaces 
like gills, eyes, and skin and an inability to dispose 
metabolic  wastes thereby, increasing ammonia  which  can  
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Plate 3. Photomicrograph of the fin 
 

 
 
 
 
also affect the pH of the water. Also, high total hardness 
could affect osmoregulation causing dehydration of fish 
skin. 

Fish behaviour during the sub chronic evaluation was 
normal as there was no observable difference between the 
behavioural pattern of the control fish and the treated fish. 

The different mortalities recorded during the sub-chronic 
exposure follow the report of Fryer (1977) and Manson, 
(1991) that at low levels of pollution, the organism is 
maintained in health by normal homeostatic mechanisms, 
as level rises, compensation occurs such that normal 
functioning   is   maintained   without   significant metabolic  
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Plate 4 Photomicrograph of the gill 
 

 
 
 
 
cost. However, at higher level, threshold is reached above 
which there is no drastic survival of organism, the organism 
becomes stressed and physiological breakdown occurs, the 
organism is unable to repair the damage and becomes 
disabled while further loading results in physiological 

failure and death. 
Fish survival and growth performance indices are useful 

tools used to ascertain fish performance and condition(s) in 
a system. Changes of body weight and length are usually the 
direct   means  of   indicating   actual   fish    growth   in    fish  
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Figure 3. Distribution of Antioxidant Enzyme (GST, CAT, SOD) Activities across the Tissues of C. gariepinus Exposed to 
Varying Concentrations of Pharmaceutical Effluent. Values are means ± S.E, means with the same letter are not 
significantly (p ≥ 0.05) different among concentrations at 95% confidence level 

 
 
 
management (Isani et al., 2000). Plhalova et al. (2014), in a 
study of the effect of subchronic exposure to ciprofloxacin 
on zebrafish (Danio rerio) showed  that there is no 
significant differences (p > 0.05) in specific growth rate 
between fish from the various ciprofloxacin concentrations 
and those from the control group. 

In this study, there was significant (p ≤ 0.05) variation in 
the specific growth rate, feed conversion ratio, Fulton’s 
condition factor, daily weight gain, mean weight gain and 
percentage weight gain between fish from the various 
effluent concentrations and the control. On the other hand, 
there is no significant (p ≥ 0.05) variation in the percent 
survival rate and daily feed intake between fish from the 
various effluent concentration and the control. Fish growth 
and nutrient utilization were seen to be highest as the 
concentration of the effluent increased with a 
corresponding decrease in Fulton’s condition factor. The 
decrease in the condition factor is in consonance with 
previous studies on environmental stressors on fish (Ayeni, 
2010). The multivitamins production effluent was found to 
have a positive effect on the growth of the fish, although 

fish avoidance to feed and reduced biochemical utilization 
due to environmental and biochemical stress were 
observed. 

According to Short and Meyers (2001), histology is an 
important field regarding fish health that can often detect 
subtle conditions or early signs of diseases not easily 
recognized on gross examination. Histopathological 
changes have been widely used as biomarkers in the 
evaluation of the health of fish exposed to contaminants 
(Sivarkumar et al., 2015).  Fish liver is one of the organs 
that   is most affected by toxicants in water (Rodriques and 
Fanta, 1998; Aladesanmi, 2014) due to the fact that it is the 
organ that is most associated with detoxification and 
biotransformation process because  of its function, position 
and blood supply (Van der Oost et al., 2003). According to 
Negin and Mehdi (2012), liver histopathological lesions are 
not specific to pollutants. In the present study, the 
histopathological changes observed in the liver were; 
hyperemia (excess blood in a body part), cirrhosis (fibrosis 
of the liver), cytoplasmic vacuolation, extensive necrosis 
(localized cell death as a result of toxic chemicals), steatosis  
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(abnormal retention of lipid in a cell) and complete 
destruction of liver histoarchitecture. These alterations are 
similar to changes reported in fishes exposed to sublethal 
concentrations of metals by Ikeogu and Nsofor (2015) 
which showed hyperemia, leucocytic infiltration, extensive 
necrosis, fibrosis, ballooning degeneration and complete 
destruction of liver histoarchitecture. Similarly, Camargo 
and Martinez (2007) observed signs of degeneration 
(cytoplasmic and nuclear degeneration, nuclear 
vacuolation) and the focal necrosis in the liver parenchyma 
of fishes exposed to the water of the Cambe River. 

The alterations observed in this study may be attributed 
to direct effect of the effluent on hepatocytes, since the liver 
is the site of detoxification of all chemicals and toxins 
(Soufy et al., 2007). The rupture of blood cells may be 
responsible for the cellular degeneration and necrosis in 
the liver as stated by Mohamed (2001). An important side 
effect of this is the loss of the ability to regulate the 
intracellular environment. The damaged cells release 
cellular breakdown products that act as inflammatory 
signals and damage other cells (Proskuryakov et al., 2003). 
Cirrhosis is often preceded by fatty liver (steatosis) and if 
the cause is removed at this stage, the changes are still fully 
reversible. As the liver is the primary organ of lipid 
metabolism, it is most often associated with steatosis; 
however it may occur in any organ commonly the kidneys, 
heart and muscle (Cotran et al., 1998). 

Increased vacuolation of the hepatocytes could also be 
indicative of fatty change, which are pathological responses 
in toxic exposures (Pacheco and Santos, 2002; Wolf and 
Wolfe, 2005). The observed hyperemia in the present study 
is vascular response to the toxicity of the effluent and this 
hastens movement of metabolites into an area and flushing 
of catabolites from the area. However, alteration in the 
enzymatic activities in the liver as observed in the activity 
of GST and CAT may contribute to the changes observed. 

Histopathological changes in the muscle of Clarias 
gariepinus was dependent on the concentration of the 
effluent as reported in the observation of Sivarkumar et al., 
(2015). Hyperplasia leads to gross enlargement of an organ 
as there is an increase in organic tissue that results from 
cell proliferation (Sembulingam and Sembuligam, 2012). 
Edema may cause death by exerting pressure on vital 
structures while persistent edema can stimulate fibrosis 
which is the deposition of connective tissue/collagen as 
part of the healing process that can obliterate the 
architecture and function of underlying tissues. 
Furthermore, fish gills are the first target organ of several 
pollutants because of their very large interface area 
between external and internal fish environment, 
performing vital functions such as gaseous exchange and 
osmoregulation (Ogundiran et al., 2009). In this study, 
histopathological lesions observed in the gills of the 
exposed Clarias gariepinus were concentration dependent 
and could be linked with increase in the activities of the test 
organisms exposed to the changing environment. The 
vascular congestion observed could be as a result of the 
attempt of the  fish to increase blood  supply  to  the gills  to  

 
 
 
 
increase oxygen uptake and supply to the internal organs. 
This fact agreed with the opinion of Camargo and Martinez, 
(2007); Ayoola (2008a: b) and Agboola and Fawole, (2014), 
where such anomalies in the gill structure of Neotropical 
fish, Oreochromis niloticus and Clarias gariepinus were 
reported. Vascular damage and infiltration by inflammatory 
cells could result to respiratory failure. Defensive responses 
observed in the gill were lifting of the epithelium to 
increase the surface area of travel and excessive mucus 
secretion in order to trap the toxicant. 

In addition, C. gariepinus fin tissues in this study showed 
disruption of muscle bundles, narrowing, thinning and 
breakage of cartilages, epithelial degeneration with erosion 
and ulceration and osteonecrosis. Osteonecrosis (necrosis 
of the bone) which is the localized death of cell is the 
precursor to other histopathological degradation observed 
in the fins. This is a result of the cellular breakdown 
products released by the damaged cells. All these changes 
affects the fish normal propulsion, manoeuvring and 
balancing. 

Kock et al. (1996) reported that fish respond to oxidative 
stress by increasing or decreasing certain biochemical 
compounds including enzymes. Alterations in these 
biochemical biomarkers are frequently used as an indicator 
of the general state of health and early warning of stress in 
fish under stressful condition (Abou El-Naga et al., 2005; 
Osman et al., 2010). Enzymes used as biomarkers in this 
study are GST, CAT and SOD and there were alterations in 
their activities in the gills, liver,muscle and fin following 
exposure to multivitamins production effluent. The GST, 
CAT and SOD activities were highest in the liver when 
compared to other tissues/organs. This is because, the liver 
is chiefly responsible for the detoxification of toxins from 
the body and it also helps in glycogenesis. Usually it is the 
organ that is first damaged due to toxic exposures. GST 
activity in the liver increased from the 0% to 4% 
treatments with a sharp decline in the 6% treatment which 
later increased. This is probably in response to increased 
liver functioning in detoxification. However, there was no 
significant difference (p ≥ 0.05) in the activity of GST in the 
liver in all concentrations. This result is similar to the 
report of Plhalova et al. (2014) that GST exhibited 
significantly higher activity (p < 0.01) in the 0.7 and 100 
μg/L groups compared to the control group but none of 
these differences were significant (p > 0.05). 

In contrast, GST activity in the gills of C. gariepinus was 
considerably low in the 10% treatment when compared to 
other treatments. The decline in the 10% treatment is most 
likely as a result of histopathological damage (cellular 
infiltration, cellular necrosis, high epithelial lifting and 
erosion) and poor efficiency of gills suggesting that the gill 
of the fish in the 10% treatment may not  be functioning 
well due to its exposure to high concentration of the 
effluent. Ayoola (2008 a: b) and Agboola and Fawole (2014) 
reported that chemical toxicants significantly affects the 
physiology of  the gill and liver by a number of histological 
alterations. Also, the activity of GST in the muscle were low 
except   for    the   8%   and   10% treatments. This   suggests  



 
 
 
 

response to oxidative stress which was as a result of 
increased swimming activities. It also reflected in the 
histopathological degradations (intramuscular edema, 
necrosis and fibrosis) observed. In addition, GST activity in 
the fin, initially reduced and later increased in the 10% 
treatment which may be due to fast propulsive fish 
movement as the fin in the lower treatments were not 
stressed except for the 10% effluent treatment. The 
activities of GST in the gill, muscle and fin were significantly 
different at p ≤ 0.05 across all concentration. 

CAT activity in the muscle and liver increased in the first 
three concentrations (0%, 2% and 4%) while there was a 
sharp decline in the 6% treatment. The activity then 
increased progressively up to the 10% treatment. This 
outcome may be as a result of the histopathological 
degradations present in the high treatments as the muscle 
and liver were weak due to oxidative stress. In addition, the 
activity of catalase in the gill was found to decrease as the 
concentration increases and this may be as a result of 
malfunctioning of the gill due to the histopathological 
lesions present. Furthermore, catalase activity in the fin 
was high when compared to the gill and muscle. However, 
there was no significant (p ≥ 0.05) difference in the activity 
of CAT in the muscle and fin in all concentrations as 
reported in the observation of Plhalova et al. (2014). In the 
muscle, there was no SOD activity in other concentrations 
except for the control and the highest treatment. The 
activity of SOD in the gill and fin varied with concentration, 
with the control having the lowest activity. SOD activity in 
the gill and liver was significantly different at p ≤ 0.05 
across all concentration. However, there was no significant 
−(p≥0.05) difference in the activity of SOD in the muscle 
and fin in all concentration. The inhibition of the enzyme 
SOD by the effluent could lead to increased oxidative stress 
in the tissues as a result of the damaging activities of the 
superoxide radicals (O2 ). Furthermore, the inhibition of 

the enzyme SOD could expectedly result in a reduction in 
the activity of the enzyme CAT, due to a decrease in H2O2 
generation from SOD activities (Olagoke, 2008). 

Studies of interrelationship between different variables 
of the ecosystem are helpful tool in promoting research and 
extending the frontiers of knowledge. The study of 
correlation reduces the range of uncertainty associated 
with decision making (Mahananda et al., 2010; Aladesanmi, 
2014). There were positive and negative relationships 
between the variables, however only few of these 
relationships were significant (p<0.05). This relationship 
was either between enzyme and enzyme, enzyme and 
physicochemical parameter or physicochemical parameter 
and physicochemical parameter. The relationship between 
enzyme and physicochemical parameter is of more interest. 
In the gill, pH and alkalinity correlated negatively with GST 
and it is significant at 0.05 and 0.01 respectively. This 
implies the negative effect of pH and alkalinity on the 
activity of GST. On the other hand, GST had a significant (p < 
0.05) positive correlation with CAT in the fin. Similarly, in 
the muscle, CAT had a significant (p < 0.05) positive 
correlation  with   acidity,   GST had a significant (p < 0.05) 
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positive correlation with pH and SOD had a significant (p < 
0.05) positive correlation with acidity. Also, SOD had a 
significant (p < 0.01) positive correlation with alkalinity. 
The positive correlation of CAT and acidity, GST and pH, 
SOD and alkalinity, indicates that the higher the acidity, pH 
and alkalinity, the higher the activity of CAT, GST and SOD 
in the muscle respectively as the enzymes help to prevent 
oxidative breakdown. 
 
 
CONCLUSION 
 
The pronounced histopathological degradations and 
enzymatic alterations induced by the multivitamins 
production effluent on the studied tissues and organs 
revealed that exposure of C. gariepinus to the effluent from 
pharmaceutical industries could cause death of fish after 
prolong exposure. Although individual concentrations of 
any drug or toxicant might be low, the combined 
concentrations from different drugs or toxicants could be 
fatal to aquatic and human health.  Therefore, 
indiscriminate human exposure to such concentrations of 
this effluent is dangerous to health. This study therefore 
revealed that the multivitamins production effluent, 
although treated, is still a potent contaminant to post 
juvenile C. gariepinus. 
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