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ABSTRACT 
Background: Biochemical and histopathological responses of Chrischthys nigrodigitatus, one of the dominant benthic fish in Niger 

Delta ecological zone to cadmium was investigated. Objective: To correlates the role of oxidative stress enzyme with the degree of 

tissues damage   Methodology: The fish was exposed to the range of concentrations of cadmium observed in the major rivers and 

creeks in the Niger Delta, Nigeria (0, 0.5, 1.50, 3.00 and 5.0) mg/l. They were examined on day 7, 14, 21, and 28 for the enzyme’s 

activity and at 28 days for histopathological changes. Blood was taken from the caudal vein located very close to the anal fin for GST 

activity analysis, while liver and gastro intestinal tract (GIT) tissues were studied in the laboratory by light microscopy using 

standard technique of Haematoxylin and Eosin staining. Result: There was spontaneous induced GST in the blood samples, which 

later dropped toward the ending of the experimental period. The severities of the histological alterations observed in these tissues 

of the treated fish correlated with the concentrations of the toxicant. Pathological alterations in the liver include hypertrophy, 

dilation of the sinusoid and dgeneration of hepatocytes. The severity of the intestinal lesions observed in the treated fish include 

focal deformation with necrosis of mucosal epithelial layer of some villi, villous stunting, hemorrhage, enlargement of the intestinal 

villi due to vacuolar degeneration or cloudy swelling. Conclusion: Fish contaminated by cadmium suffers pathological alterations, 

with consequent inhibition of metabolic processes, hematological changes, and decline in fertility and survival, thus a holistic 

approach by the government is indispensable by enforcing standard waste treatment before discharging into water bodies. 

Similarly, corrosive resistant paints should be used on ships and boats plying the water ways so as to minimize the washing of 

metals and other xenobiotics into our water bodies to a barest minimum. 
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INTRODUCTION 

 
The toxicological properties of metals are of particular concern, due to their potential toxic effect and 

ability to bioaccumulate in aquatic ecosystems (Censi et al., 2006). Like any other environmental stress, are 
partly related to generation of reactive oxygen species (ROS) that can induce DNA damage and trigger redox-
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dependent transcription factors (Frank et al., 2010). Reactive oxygen species (ROS), normally produced during 
the aerobic metabolism, function as second messengers involved in many cellular functions. On the other hand, 
when ROS level increases because of oxidant treatments and defective antioxidant systems, these highly 
reactive compounds and radicals become dangerous toxic agents (Ruocco et al., 2010). These ROS cause 
imbalance between oxidants and antioxidants of the cell tissues, which leads to the numerous degenerative 
diseases. Either to avoid or to scavenge oxidative damage, mammalian cells possess inherent antioxidant 
machinery, which is comprised of superoxide dismutase (SOD), catalase, GST, and glutathione peroxidase 
(GPx) (Solomon et al., 1996). 

Cadmium is a by-product of zinc production and is one of the most toxic elements to which man can be 
exposed at work or in the environment and has been defined as a stock pollutant (Bernard, 2008). This heavy 
metal is used for corrosion-resistant plating on steel, and its compounds are used to stabilize plastic and in nickel 
/ cadmium batteries and cadmium / telluride solar panels because of its relative resistance to corrosion and high 
electrical and thermal conductivity.  Cadmium (Cd) is considered as a “guest” metal in Pb: Zn mining process 
and is widely dumped into the environment through various anthropogenic activities such as mining, smelting, 
use of phosphate fertilizers or sewage sludge to farm fields (Daud et al., 2009). Uncontaminated surface waters 
may contain an average of less than 1.0gCd/kg, while concentrations in contaminated waters may reach a value 
several magnitudes higher. Many aquatic species, especially fish and shellfish, have the ability to concentrate 
cadmium in their bodies above ambient levels, and then eventually accumulates in human body, causing a 
number of diseases such as Hypertension, Osteomalacia, gastric dysfunction, Central nervous system 
dysfunction, and endocrine disorders in human (Lenartova et al., 1997). Due to its soluble nature, Cd can readily 
penetrate tissues after exposure and inhibit antioxidant enzymatic system by affecting the cellular thiol redox 
balance in particular with cellular glutathione (Nzengue, 2008; Chater, 2009). Several studies have shown that 
Cd indirectly generates ROS and consequently DNA, lipid, and protein oxidation in various cell lines (Wang et 
al., 2004). 

The mechanism of Cd absorption and circumventing the intestinal barrier is of prime interest. This metal is 
absorbed in mammals preferentially in the duodenum and proximal jejunum (Andersen et al., 1994). After 
absorption Cd first reaches the liver, where it induces the production of metallothionein. After continuous 
hepatocyte necrosis and apoptosis, Cd-metallothionein complexes are washed into sinusoidal blood. From here, 
some of the absorbed Cd enters into the enterohepatic cycle via secretion into the biliary tract in the form of Cd-
glutathione conjugates. Enzymatically degraded to Cd-cysteine complexes in the biliary tract, Cd again enters 
the small intestine (Zalups and Ahmad, 2003). It is generally assumed that, after inhalation or ingestion of 
typical inorganic Cd compounds and after transferring across the alveolar membranes or intestinal wall, the 
major fraction of Cd initially accumulates in the liver (Elsenhans et al., 1997).  

It has been observed that there are many quantitative relationships between structure and biological 
activities of chemicals established in aquatic system. Glutathione protect the tissues from damages and protects 
the erythrocytes hemoglobin from spontaneous oxidation to metahemoglobin (Li et al., 2006).  

The intestine and liver are the most important organs in digestion and absorption of nutrients from food, and 
therefore monitoring of these organs is considered necessary (Roberts, 1989). Fish hemoglobin has a higher 
tendency to oxidation as compared with other vertebrate animals (Martinez-Alvarez et al., 2005) thus; studying 
glutathione activity in fish blood cells is become indispensable. Therefore, the objective of this investigation is 
to examine whether the concentration of Cd observed in the field can overwhelm the activity of GST and to 
evaluate the implication of such concentration on the tissue of aquatic organism. 

 
MATERIALS AND METHODS 

 
Hale and hearty living adult male and female C. nigrodicitatus weighing 19.5 and 22.6g respectively, that 

are ready for spawning were  were procured from a local fish farm and transported to the hatchery. Eggs and 
sperms were pressed from their bodies and mixed together in a hatchery. After spawning, the parent fish were 
separated from the eggs and returned to the pond. The fry, which hatch after a few days, were transported to 
shallow, plankton-rich nursing ponds, where they remain for two weeks. The fish were screened for any 
pathological symptoms and washedwith1% KMnO4 solution. The healthy specimen was then transferred to 
glass aquaria (50 x 25 x 25 cm) containing dechlorinated tap water. The fish were acclimatized to the laboratory 
conditions for 14 days prior to experiment and were fed with 30% protein pellets. Water was replaced with clean 
water regularly. The Physicochemical characteristics of the water were analyzed following the procedure of 
American public health association (APHA, 1998) 

The stock solution of chromium was prepared by adopting the dilution techniques. Based on the progressive 
bisection of intervals on a logarithmic scale, log concentrations were selected as the experimental 
concentrations. Five fish per test concentration in three replicates were exposed to the range of concentrations 
observed in the field (0, 0.5, 1.50, 3.00 and 5.0) mg/l.  
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At the end of each sample period, one fish from each treatments was taken out, blotted dry with soft 
absorbent paper. Blood sample was taken from the peduncle region of the caudal vein, which is directly under 
the vertebral column of the fish and preserved in not heparinzed bottle for blood collection.  Liver and GIT 
tissues were carefully collected by dissection, and washed in the 0.15 mol/L KCl solution, weighed, and then 
homogenized in the buffer (19 mL of buffer for 1 g of tissue), which was composed of 0.25 mol/L of sucrose, 
0.1 mol/L of Tris-HCl, and 1 mmol/L of EDTA and had a pH value of 7.4, and centrifuged at 9 000g for 25 min 
(where g is the gravitational acceleration). The supernatants were collected for determination. A method 
described in Habig and Jakoby (1981) and adapted to a microplate reader (Frasco and Guilhermino, 2002) was 
used to determine the GST activities in the blood and in the supernatants 

 
Statistical Analysis: 

The difference between the control and experiment GST activities were analyzed using  Chi-square tests 
and one-way analysis of variance SPSS (14.0 version), SPSS Inc, Chicago, USA, P values of 0.05 or less were 
considered statistically significant (Zar, 1974) 

 
Results: 
Glutathione S – transferase level: 

Glutathione level was higher in the liver than in the GIT and blood and there was significant (p < 0.05) 
increased in the activity of this enzyme with increased in the concentrations of the metal in all the organs on day 
14 and 21 (Table 1). Its activity reduced on day 28th and the changes with increased in concentration of the 
toxicant was not significant (p > 0.05). In the liver, the highest levels of GST enzyme activity 6.30 ± 0.32 
(μM/min/mg protein) was observed on day 21st  with  5.0 mg/L  Cd exposure, in the  GIT, the highest GST  
level 3.6 ± 0.12 (μM/min/mg protein)  was observed on day 28th with 1.50 Cd exposure. The highest GST 
enzyme activity 3.6 ± 0.35 (μM/min/mg protein)   was observed in the blood treated with 5.0 mg /L of Cd on 
day 21st 

 
Table 1: Table 3: Specific Activities (U mol/min /mg protein) of Glutathione S- transferase  in the  liver, GIT and blood of  C. 

nigrodicitatus induced with  cadmium 
Day
s 

                               Liver                                      GIT                            Blood 

 Contro
l 

0.5mg/
L 

1.50mg/
L 

5.0mg/
L 

Contro
l 

0.5mg/
L 

1.50mg/
L 

5.0mg/
L 

Contro
l 

0.5mg/
L 

1.50mg/
L 

5.0µg/
L 

7 2.7 ± 
0.13 a 

2.6 ± 
0.22 a 

2.9 ± 
0.17 a 

3.5 ± 
0.21 a 

1.7 ± 
0.31a  

1.9 ± 
0.33 a 

2.2 ± 
0.20 a 

2.9 ± 
0.24 a 

2.1 ± 
0.27 a 

1.6± 
0.23 a 

2.6 ± 
0.12 a 

2.9 ± 
0.22 a  

14 2.4 ± 
0.30 a 

2.7 ± 
0.13ab 

3.2 ± 
0.25b 

4.5 ± 
0.51 c 

1.5 ± 
0.15 a 

1.9 ± 
0.24 a 

2.5 ± 
0.31 b 

2.8± 
0.20 b 

1.8 ± 
0.25 a 

2.0 ± 
0.22 a 

2.7± 
0.34  b 

3.0± 
0.25 b 

21 2.4 ± 
0.30 a 

2.7 ± 
0.27ab 

3.6 ± 
0.21 b 

6.30 ± 
0.32 c 

1.3 ± 
0.18 a 

2.2 ± 
0.19 b 

2.5 ± 
0.28 b 

3.1± 
0.14 c 

1.9± 
0.15 a 

2.0± 
0.15 a 

3.1 ± 
0.11 b 

3.6 ± 
0.35 b 

28 2.6 ± 
0.14 a 

2.6 ± 
0.16 a 

3.4 ± 
0.10 a 

4.9  
±0.21 b 

1.6 ± 
0.20 a 

3.1 ± 
0.26 b 

3.6 ± 
0.22 b 

3.1 ± 
0.23 b 

2.1 ± 
0.30 a 

2.2± 
0.22 a 

2.3 ± 
0.25 a 

3.5 ± 
0.16 b 

Mean with different superscript in the row are significantly different * ( p< 0.05 

 
Hisopathology of the liver: 

The architecture of a hepatic lobule of control fish, the inflammatory and associated morphological changes 
in the liver of C. nigrodigitatus exposed to different concentrations of cadmium is shown in Figure 1. Fig. 1A 
showed the architecture of a hepatic lobule of control fish. Fish exposed to 0.5mg/L Cd revealed light 
hypertrophy (Fig.1B).When the concentration of Cd was incresed to 1.50mg/L, severe dilation of the sinusoid 
and mild hypertrophy were observed (Fig. 1C). Severe cellular degeneration was noticed at higher concentration 
of 1.0mg/L (Fig.1D). At the highest concentration of 5.0 mg/L, severe dilation of sinusoid, that resulted in 
serious cellular degeneration and a clear congestion position were observed (Figure 1E) 
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              A            B 

 
               C         D 

 
      E 

Fig. 1: Photomicrograph of the liver of control fish showing the hepatocytes (arrow  head) and  between the 
hepatocytes, the hepatic sinusoid (the arrow) and no visible lesion  lesion was observed after 28 days, B: 
light hypertrophy, C: severe dilation of the sinusoid (R) and  hypertrophy; D: severe cellular 
degeneration (S), E: Focal necrosis, severe dilation of sinusoid and clear congestion position (W) were 
observed after 28 days exposure to different concentration of cadmium (H &E   stain x300)    

 
Hisopathology of the gastrointestinal tract: 

 Figure 2A depicts the expected appearance of normal gastrointestinal tract’s tissue showing mucosa, sub 
mucosa, muscularis and serosa. The intestinal mucosa was composed of the epithelial layer, the lamina propria 
and stratum compactum. Mucosal folds consisted of connective tissue cores covered by intestinal epithelium.  

The fish treated with 0.5mg/L showed moderate degenerative changes with focal loss of some epithelium, 
vacuolation occurs in the microvilli region and dark patches (Fig. 2B). Attenuation, degeneration or vacuolation 
of focal areas of superficial epithelium were observed with 1.50mg/L treatment (Fig.2C). At higher 
concentration of 2.0mg/L, severe villous stunting was observed (Fig. 2D). Degenerative changes, with focal loss 
of some epithelium and hemorrhage of the sub mucosa region were observed at the highest concentration of 
5.0mg/L (Fig. 2E)  

 

S 

R 
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                              A      B 

 
                              C                          D 

 
                       E 

Fig. 2: Photomicrograph of  GIT  exposed to different concentrations of cadmium, A:  No visible lesion  lesion, 
B: A moderate degenerative changes with focal loss of some epithelium and (M) and dark patches , C: 
Attenuation, degeneration or vacuolation of focal areas of superficial epithelium. (G),D: Severe villous 
stunting,  E: Degenerative changes, with focal loss of some epithelium (V) were observed after 28 days 
exposure (H &E   stain x300)    

 
Discussion: 
Glutathione S –transferase Activity: 

Glutathione s-transferase activity in the liver, intestine and body fluid become interesting because the liver 
is the major organ of xenobiotic metabolism and may represent up to l0% of total liver cytosolic proteins 
(Leblanc, 1994, Taysse,  et al.,1998). Intestinal mucous membrane of the fish is the first barrier that comes into 
contact with exogenous compounds (Slatinsk et al., 2008). Fish ingest large amounts of exogenous substances 
with their feed and, together with the feed, the exogenous substances pass through the digestive tract of the fish. 
In the catfish, higher total GST activity in the proximal segment of the intestines than in the distal one has been 
demonstrated (Slatinsk et al., 2008). This suggests higher capabilities for the biotransformation of electrophilic 
pollutants in the proximal than in the distal segment of the intestines. The study carried out by Paul et al. (2012) 
revealed that GST levels in human has a positive correlation between metals and glutathione levels in blood and 
also confirmed an increased mitotic index and polyploidal aberrations associated with exposure. 

In this study the GST level in fish was highest in the liver and least in the blood which agrees with the data 
of other researchers (Cho et al., 2010). This might be due to the fact that the liver and GIT are the major targets 
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G 
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M 
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for Cd distribution and it could be connected with high metabolic rate in this organ, its key role in the processes 
of xenobiotic detoxification and specificity of isoenzymes composition. Increased in GST activity in the RBC, 
liver and GIT reported in this study is similar to the findings of Mdegala et al.(2006), where he demonstrated 
that the liver GST activity increased twofold in Clarias gariepinus  following a 6-day exposure to l7o-
ethynylestradiole.  Similarly, a 96-hour exposure to B-naphthoflavone increased GST activity in Poecilia 
reticulate liver (Frasco, and Guilhermino, 2002). An increased in the total GST activity by a factor of 1.6 was 
also demonstrated in the liver of the brown bullhead (Anteiurus nebulosus) after 14day exposure to ethoxyquine. 
Exposure of the brown bullhead (Ameiurus nebulosus) to ethoxyquine resulted in an increased in GST activity 
by a factor of 1.2 towards theta GST NBC specific substrate (p-nitrobutyl chlorine) (Henson et al., 2001). GST 
activity was also reported in a freshly isolated hepatocytes of the rainbow trout (Oncorhynchus mykiss). Using 
the HPLC method, Perez-Lopez et al. (1998) demonstrated the presence of the pi GST isoform in the 
hepatocytes. Liver cells of the rainbow trout were used also for the assessment of water samples taken from the 
inflow and the discharge sections of the wastewater treatment plant in Nice. Inflow samples showed higher 
levels of PAHs and PCBs than discharge samples. Total GST activity levels were determined after a 48- hour 
exposure of liver cells of the rainbow trout to various dilutions of inflow and discharge water samples. Higher 
total GST activity levels were found in the case of higher dilutions of both influx and discharge samples, which 
may be interpreted as an early adaptation response to the oxidative stress induced by test water samples 
(Faverney et al., 2001). GST activity in the intestines of the European plaice (Pleuronectes platessa) exposed to 
p-naphtoflavone (BNF) was demonstrated (Leaver et al.,1997). 

 
Hisopathology Study: 

The occurrence of neoplasms involving epithelial tissues such as the liver, pancreas, gastrointestinal tract, 
and some epidermal neoplasms appear strongly correlated with environmental contamination, that is, exposure 
to chemical carcinogens (Black and Baumann,1991; Harshbarger and Wolcott, 1993) 

The inflammatory and associated morphological changes in the liver of C. nigrodigitatus exposed to 
different concentrations of cadmium that is not observed in the control fish is an indication that the organ has 
been over stressed and its regulatory mechanisms was overwhelmed that resulted in structural damage. The liver 
is one of the organs mostly affected by contaminants in the water (Camargo and Martinez, 2007). The liver of 
the investigated fish showed hypertrophy, severe dilation of the sinusoid,dgeneration of hepatocytes,  and 
congestion in blood sinusoids. The severity was dose and time dependent, and could be attributed to the 
detoxification and biotransformation property of the organ (Van der Oost et al., 2003). Severe dilation and 
hypertrophy may be responsible for the cellular degeneration and necrosis in the liver (Mohamed, 2001). 
Dilation and congestion in blood sinusoids reported in this study were similar to the findings of Gill and Pant 
(1988) who observed histological alterations when an increasing concentration of carbaryl applied to Puntius 
conchonius. Such lesion was also reported by Guzelian et al. (1980) in human and experimental animals 
poisoned by chlorodecone. Exposure of Oncorhynchus mykiss to copper sulphate was found to induce 
degeneration of hepatocytes, sinusoidal dilation and congestion in the blood vessels of the liver (Atamanalp et 
al., 2008). Intestinal mucous membrane of the fish is the first barrier that makes contact with exogenous 
compounds. The nature of gastrointestinal inflammation is portrayed primarily by the dominant population of 
inflammatory cells. The destruction of destruction of the mucous membrane of the intestine impedes absorption 
which may interfere with the oxidative metabolism in the stomach thereby increases the formation of gastric 
ulcers (Anderson, et al., 1969). 

The severity of the intestinal lesions observed in the treated fish include focal deformation with necrosis of 
mucosal epithelial layer of some villi, villous stunting, hemorrhage, enlargement of the intestinal villi due to 
vacuolar degeneration or cloudy swelling (the dark patches) of the mucosal epithelial cells. The cellular 
infiltration and degeneration detected in the intestinal tissue may represent important link in the intestinal 
immune system which catch antigen and pass it into macrophage and lymphocyte underlying it to activate 
immune responses against antigen  

(Ali, et al., 2008). Similar findings such as degenerative changes in the serosa, mucosa and submucosal 
layers, necrosis, proliferation and desquapmation were reported when the Intestinal tissue of Channa striatus 
and Heteropneustes fossilis inhabiting the polluted water were examined ( Kumari and Kumar, 1997,  
Braunbeck and Appelbaum, 1999) 

Cadmium promotes an early oxidative stress and thus contributes to the development of serious 
pathological conditions because of its long retention in some tissues (Bagchi et al., 2000). In this investigation, a 
significant positive correlation was found between tissue antioxidant enzyme activity and the inflammatory 
response in all the studied organs. However, the enzyme activity decreases on day 28th, but the severity in the 
organs increases. This could be attributed to the fact that the increased in the secretion of the detoxifying 
enzyme overwhelmed these organs that resulted in structural damage 

This finding reveals that the cadmium contamination definitely affects the aquatic life of the fresh water 
fish. Hence, a scientific method of detoxification is essential to improve the health of 
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this fish in any stressed environmental conditions. However, spontaneous induced GST which later dropped 
toward the ending of the experimental period is an indication that fish can tolerate the metal to an extent 
however, overstressed is detrimental. Fish contaminated by cadmium suffers pathological alterations, with 
consequent inhibition of metabolic processes, hematological changes, and decline in fertility and survival, thus a 
holistic approach by the government is indispensable, by enforcing standard waste treatment before discharging 
to water bodies 

Contamination of water bodies with anthropogenic is indispensable, hence further studies are require on 
how reduce the potency of noxious metals and other toxicants before emission into water ways.   
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