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ABSTRACT 
 
Changes in lactate dehydrogenase and creatine kinase in the plasma of the African catfish 
Clarias gariepinus (Burchell, 1822) subjected to sublethal concentrations (2.0; 6.0and 10.0 
mg/L) of potassium permanganate over a period of 192 hours were studied in a semistatic 
(renewal) system. Potassium permanganate exposure caused significant (P < 0.05) increases in 
alanine aminotransferase and aspartate aminotransferase. Increased activities of both 
aminotransferases indicated amplified transamination processes and were used as stress 
indicators. 
 
Keywords: Potassium permanganate, lactate dehydrogenase, creatine kinase, Clarias 
gariepinus, Nigeria. 
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INTRODUCTION 
 

Enzymes are increasingly used not only as indicators of pathological processes [1 - 4] but they 
also play an important role in toxicology [5] and as indicators of stress [6]. Lactate 
dehydrogenase and creatine kinase are primarily used as indicators of stress. Biochemical and 
physiological indicators such as enzymes could be used (as biomarkers) to identify possible 
environment contamination before the health of aquatic organisms is seriously affected [7] and to 
develop water quality indices [8 - 11]. Such a biochemical approach has been advocated to 
provide an early warning of potentially damaging changes in stressed fish [12]. 
 
Changes in plasma enzyme activity are used as indicators of tissue injury, environmental stress, 
or a diseased condition. The rate of increase of plasma enzyme activity depends on the 
concentration of an enzyme in cells, the rate of leakage caused by injury, and the rate of 
clearance of the enzyme from plasma [13]. 
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Valarmathi and Azariah [14] state that the increase or decrease in the levels of plasma enzymes 
may be sufficient to provide information of diagnostic value. Verma et al.,[15] reported on the 
toxic effect of some toxicants on certain biologically important enzymes. 
 
Nowadays, enzymogram plays an important role in diagnosis and prognosis of animal disease 
[16]. Modifications in enzyme activity occur by cell death, increase or decrease enzyme 
production, obstruction of normal excretory route, increase cell membrane permeability, or 
impaired circulation [17]. Lactate dehydrogenase (LDH) is released to liver, lung, muscle, heart 
and kidney tissue after cellular damage. Skeletal and cardiac muscle damage results in great 
increase of plasma creatine phosphokinase (CPK).  
 
This research work is conducted with the objective of investigating the effect of sublethal 
concentration of potassium permanganate (KMnO4) a commonly used disinfectant and 
chemotherapeutic agent in aquaculture management of diseases and parasites on lactate 
dehydrogenase and creatine kinase activities in the plasma of the widely consumed African 
catfish Clarias gariepinus with particular reference to the concentration of the agent and duration 
of exposure. 
 

MATERIALS AND METHODS 
           
 Apparently healthy live specimens of Clarias gariepinus (mean weight, 165.15+3.45g; mean 
length 29.42+6.56cm) were purchased from Tomab Fish Farms, Obiaruku, Delta State, Nigeria; 
and transported to the Animal and Environmental Biology Research Laboratory, Delta State 
University, Abraka where they were kept in large plastic drums supplied with clean borehole 
water. Fish were acclimatized to the experimental conditions for two weeks. Mortality during the 
period of acclimatization was less than 2%.   
 
Stock solution of potassium permanganate (KMnO4) was prepared from 1g standard AnalaR 
grade granules in 1 litre of deionised water to form 100% concentration.  From this stock 
solution, various concentrations used in the investigations were prepared by dilution.  
 
Three concentrations of KMnO4   (2mgL-1, 6mgL-1 and 10mgL-1) as well as a control with no 
KMnO4 were used for the experiment. Each treatment was triplicated. The experimental tanks 
consisted of large plastic containers of 150L capacity, filled to half their capacities and covered 
with a lid made of fine polyethylene gauze screen of 1mm mesh size, to prevent the fish from 
jumping out of the containers. Experimental fish were fed daily with Catfish feed (Dizengoff; 
4.5mm; Protein 42%, Fat 13%, Fibre 1.9% and Ash 1.2%) at 3% of their body weights. The fish 
were not fed 24hours prior to the experimental period, as well as during the experimental period, 
which lasted 192 hours. Natural photoperiod was maintained during the acclimation and 
experimental period. 
 
The water quality parameters of the experimental set up bioassay, with KMnO4 toxicant and 
control, were conducted at every sampling time according to APHA [18] procedures. The water 
quality parameters measured included pH 6.48 + 0.32, temperature 28.4 + 1.2oC, dissolved 
oxygen 7.36 + 1.12mgL-1, free carbon dioxide 4.85  + 0.06 mgL-1 and total alkalinity 34.6 + 1.54 
mgL-1. 
 
The test was performed using a semi-static renewal method in which the exposure medium was 
exchanged every sampling time to maintain toxicant strength and level of dissolved oxygen as 
well as minimizing the level of ammonia excreted during this experiment.  
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Two fish were randomly caught individually using a small hand net from each experimental tank 
at each sampling time. The experiments were conducted three times, yielding a total of six fish 
for each treatment at each sampling time. The sampling was done just before the initial addition 
of KMnO4 (0hr = start) and then at 12, 24, 48, 96 and 192 hours.  
 
Blood from the selected fish was drawn from the caudal vessels with a heparinised disposable 
plastic syringe and hypodermic needle.  The use of plastic syringe is a necessary precaution with 
fish blood, because contact with glass results in decreased coagulation time [19].  
 
Plasma was obtained by centrifugation and diluted 1:20 with deionised water. The diluted 
plasma was then stored in a refrigerator at -4oC and later analysis were conducted for enzyme 
activities: plasma lactate dehydrogenase and creatine kinase. All determinations were carried out 
in duplicates for each sample. 
 
The plasma lactate dehydrogenase was measured by using the optimized kinetic method which is 
based on the fact that reduced nicotinamide adenine dinucleotide is oxidized to nicotinamide 
adenine dinucleotide, the resulting decrease in absorbance using a spectrophotometer at 340 nm 
being directly proportional to the lactate dehydrogenase in the sample [20 - 22]. 
 
The plasma creatine kinase was measured using the optimized standard colorimetric method [22] 
according to the recommendations of the Deutsche Geselischaft für Klinische Chemie (DGKC) 
using a commercial kit (Randox Laboratories Limited, U.K., using a spectrophotometer at a 
wavelength of 340 nm  
 
Results obtained for the triplicates from all three experiments were combined, subjected to 
statistical analysis using two-way analysis of variance (ANOVA) to test differences between the 
various levels of sublethal concentrations of KMnO4 and the exposure periods. Multiple 
comparisons of the means were analyzed by the Bonferroni tests. All analyses were performed 
using the software programme (GraphPads Prism® Software version 5.0, San Diego, CA). 
Results were considered significant at the 95% confidence level (P< 0.05). 
 

RESULTS 
 

Plasma lactate dehydrogenase levels observed in C. gariepinus following exposure to the various 
concentrations of potassium permanganate over the period of 192 hours is graphically shown in 
Fig.1.; while the percentage variation with respect to the control values are listed in Table 1. The 
mean control values of the plasma lactate dehydrogenase ranged from 39.86 U/L to 41.77 U/L. 
Increased activities of lactate dehydrogenase were recorded in the plasma of the C. gariepinus 
exposed to the three concentrations (2, 6 and 10mg/L) of potassium permanganate over the 
exposure period of 192 hours. Statistical analysis using ANOVA showed that there was 
significant difference exposed fish with increase in concentration of the KMnO4 and exposure 
time. However, multiple comparison of means using Bonferroni test showed that the means of 
plasma lactate dehydrogenase in the treated fish at the start of the experiment (zero time) did not 
differ significantly (P<0.05) from the increased values in all treatments following 12 hours 
exposure. At higher exposure periods of 24, 48, 96 and 192 hours, the activities of the plasma 
lactate dehydrogenase were statistically (P<0.05) different from the zero time values. The 
maximum elevation (14.01) was recorded in the 10mg/L KMnO4 exposed fish at 192 hours. The 
observed increase was also time-dependent. 
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Fig. 1: Mean values of activities of plasma lactate dehydrogenase in C. gariepinus exposed to the various 
sublethal concentrations of potassium permanganate over a period of 192 hours. Each column represents the 

mean value and vertical bars indicate the standard error of the mean. 
 

Table 1: Percentage variation of activities of plasma lactate dehydrogenase of C. gariepinus exposed to the 
various sublethal concentrations of KMnO4 over a period of 192hours. 

 

Concentration 
(mg/L KMnO4) 

Exposure Period (Hours) 

START 12 24 48 96 192 

2 0.00 4.71 9.63* 10.23* 13.62* 11.47* 

6 0.00 4.36 9.34* 10.53* 11.81* 10.49* 

10 0.00 1.95 10.40* 8.86* 10.82* 14.01* 

* Indicates significant difference (P < 0.05) from the zero time (start) values. 
 
The levels of plasma creatinine kinase observed at different concentrations and during different 
exposure period of the test organism is given in Fig. 2.; while the percentage variation with 
respect to the control values are presented in Table 2. The activities of the plasma creatinine 
kinase in the control group varied between 65.87 U/L and 68.56 U/L.   There was a steady 
increase in the mean values of plasma creatinine kinase with increase in concentration and 
exposure time with the exception of a slight decrease of – 0.66% in the fish exposed to 2mg/L 
KMnO4 after 24 hours exposure. There was however no significant difference (P>0.05) observed 
statistically (ANOVA) in the change of plasma creatinine kinase levels with concentration and 
however an aposteriori comparison using Bonferroni test showed that the means of plasma 
creatinine kinase levels of the zero time was statistically (P<0.05) different from the values of 
the fish exposed to 10mg/L KMnO4 at 96 hours and all treatment of KMnO4 at 192 hours. The 
maximum elevation percentage (18.21) was recorded in the fish exposed to 2mg/L KMnO4 for 
192 hours. 
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Fig. 2: Mean values of activities of plasma creatine kinase in C. gariepinus exposed to the various sublethal 

concentrations of potassium permanganate over a period of 192 hours. Symbols as in Fig. 1. 
 

Table 2: Percentage variation of activities of plasma creatine kinase of C. gariepinus exposed to the various 
sublethal concentrations of KMnO4 over a period of 192hours. 

 

Concentration 
(mg/L KMnO4) 

Exposure Period (Hours) 

START 12 24 48 96 192 

2 0.00 0.37 -0.66 4.38 9.80 18.21* 

6 0.00 0.09 0.01 2.75 12.87 17.19* 

10 0.00 9.27 8.36 11.35 14.06* 16.83* 

* Indicates significant difference (P < 0.05) from the zero time (start) values. 
 

DISCUSSION 
 

Plasma enzymes levels in fish have been proposed to be good indicators of extreme stress and 
provide information of organ dysfunction [23]. Toxicants cause a disturbance in the 
physiological state of the animal which affects enzyme activity. Toxicants bring about distortions 
in the cell organelles, which may bring about elevation or inhibition in the activities of the 
enzymes [14]. Plasma enzyme levels depend on the rate of release of enzymes from damaged 
cells, which in turn depend on the rate at which damage is occurring and at the extent of cell 
damage. 
 
The activity of LDH showed a marked elevation in the plasma of C. gariepinus exposed to the 
various concentrations of potassium permanganate over the 192h exposure period. The increase 
in plasma LDH activity may therefore reflect an increased dependence on anaerobic 
carbohydrate metabolism of the exposed fish. Thus, sublethal levels of potassium permanganate 
affect the efficiency of tissue metabolites and cause pathological changes possibly in the gills, 
kidney and liver as seen in the histopathological findings below. The increase in LDH level 
indicated metabolic changes i.e. the glycogen catabolism and glucose shift towards the formation 
of lactate in the stressed fish, primarily in the muscle tissue [24]. 
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Supporting evidence that LDH activity may be enhanced due to sublethal effect of aquatic 
pollutants (11 in number) in the case of the African sharptooth catfish, Clarias gariepinus 
inhabiting Lake Maryut in Egypt is provided in the work of Adham [25]. 
 
Creatine kinase catalyzes the reversible transfer of the phosphoryl group from phosphocreatine to 
ADP, regenerating ATP. CK participates in an ubiquitous role to meet the energy demand for 
homeostasis during environmental changes. The phosphocreatine/creatine kinase is present in 
some excitable tissues, such as Narcine brasiliensis electric organ [26], and in nonexcitable 
tissues, such as Squalus acanthias rectal gland [27], Gillichthys mirabilis gills [28], and 
Oreochromis mossambicus gills [29], with high and fluctuating energy demand. Plasma CK 
exhibits the physiological stress responses in big game fish after capture, perhaps because of 
muscle damage and subsequent release of cytosolic soluble CK in the plasma [23]. Total CK 

activity significantly declined 20% in the fish (O. mossambicus) brain after exposure to 
hypergravity for 7 days [30]. 
 
The serum levels of CK showed significant variation in the presence of environmental stressors 
(acute handling and transport stress) in channel catfish [31].  
 
 The result obtained in the activities of CK in the current study is indicative of the fact that 
potassium permanganate caused damage to the skeletal musculature causing the release of CK 
into blood plasma possibly resulting from a disturbed permeability and integrity of the cell 
membranes. 
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