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Recent works done on the effects of dichlorvos on various aspects 
of the fish are those of Nwamba HO, et al., [6]. They reported the 
impact of dichlorvos on African catfish and pointed out a strong 
evidence of stress responses characterised by hyperactive swimming 
with subsequent erratic jerky movements before death. In another 
report, dichlorvos was found to induce oxidative stress that may 
overwhelm the antioxidant system of juvenile catfish especially at 
higher concentrations with long exposure. The effects of dichlorvos 
on the liver of poultry birds was also reported [7]. Therefore, it is 
imperative to find out the biochemical effects of this pesticide on fish 
as they forman important link in food chain and their contamination 
by pesticides causes imbalance in the aquatic system. Fish form a 
part of diet for both humans and animals being an important source 
of protein. African catfish in particular is a common delicacy by 
locals in African countries. In general, fishes are severely affected by 
pesticides which mostly affect their vital organs such as the kidney 
and liver. The kidney plays an important role in the maintenance of 
internal environment of an organism. It regulates the volume and 
composition of extracellular fluid including the acid-base balance. 
The toxic chemicals target the kidney and disrupt its functions 
causing temporary or permanent derangement of homeostasis [8]. 

*Corresponding author: Onuabuchi Nnenna Ani, Department of Applied Biochemistry, Faculty of Applied Natural Sciences, Enugu State Uni-
versity of Science and Technology, Enugu, Nigeria; E-mail: nnenna.ani@esut.edu.ng

Citation: Achikanu CE, Ani ON (2021) Effect of Sublethal Dose of Dichlorvos on the Biochemical Parameters of African Catfish. J Biochem Analyt Stud 
5(1): dx.doi.org/10.16966/2576-5833.125

Copyright: © 2021 Achikanu CE, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract
The present study investigated the effects of sublethal concentrations of dichlorvos on liver marker enzymes (aspartate aminotransferase, alanine 
aminotransferase and alkaline phosphatase), acid phosphatase (ACP), serum total protein (STP), bilirubin, urea and creatinine in African Catfish 
(Clarias gariepinus) juveniles at sub acute period under laboratory conditions. A total of 90 juveniles of Clarias gariepinus with average weight and 
length of 200.15 ± 0.09g and 26.00 ± 0.00cm respectively were kept in three experimental groups of 30 per group in triplicate of 10 fishes. Groups 
1 and 2 were exposed to dichlorvos at dosages of 21 and 43mg/l respectively and group 3 served as control for 15 experimental days. Analyses 
were carried out on days 1, 5, 10 and 15. From the results, there was no significant changes in the biochemical parameters tested on day 1 of the 
experiment but levels of the liver enzymes, ACP and bilirubin increased significantly (p<0.05) on other experimental days when compared with 
the control group. However, there was insignificant increase in the urea level and also a non-significant decrease in the creatinine and Serum total 
protein (STP) levels of the experimental groups when compared with the control group. From the analyses and observations made, we conclude that 
the administration of sublethal concentrations of dichlorvos to African catfish induced some damages to the liver which affected the levels of the 
liver enzymes and the increase in ACP level is indicative of carcinogenicity.
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Introduction
Pollutants and toxic discharges from processes in industries, 

mining, and agriculture find their way into the aquatic environment. 
This may have adverse effects on aquatic lives. One of such pollutants 
is pesticides which cause great harm to the animals present in the 
aquatic environment including fishes [1]. A large amount of these 
pesticides reach aquatic ecosystem through various routes such as 
direct application, spray-drift, run-off, leaching, discharge from 
factories and sewage, and all these have negative health impacts 
on different non-target aquatic organisms [2,3]. Dichlorvos 
(2,2-dichlorovinyl dimethyl phosphate; DDVP), an organophosphate 
insecticide is widely used in agriculture and in control of household 
pests in public health, and protecting stored products from insects. 
It is also used as an anti-helminthic for dogs, swine, and horses, as a 
botacide; agent that kills fly larvae [4]. They act by interfering with the 
activities of cholinesterase, an enzyme that is essential for the proper 
functioning of the nervous systems of humans and insects. Exposure 
to an organophosphate such as dichlorvos could be lethal and cause 
death from respiratory failure [5].
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The liver is involved in digestion, absorption and procession of food. It 
also plays a vital role in detoxification of chemicals, drug metabolism 
and secretion of bile into the intestines. When these toxic chemicals 
get to the liver, they can overwhelm it and impair its function which 
can shut down the system leading to death. In this study, the effects 
of exposure of sub-lethal dose of dichlorvos on African catfish were 
examined by finding out the changes in the biochemical indices and 
activities of marker enzymes.

Materials and Method
Procurement of experimental fish and acclimatization

A total of 90 juveniles of Clarias gariepinus (African catfish) were 
obtained from CJ agro fish farm located at New Haven Enugu, Nigeria. 
They were transported to Heidin’s fishery unit, Emene, Enugu, Nigeria. 
They had average weight and length of 200.15 ± 0.09g and 26.00 ± 
0.00cm respectively. The fishes were acclimatized for two weeks under 
laboratory conditions prior to tests in semi-static system. They were 
fed with commercially available Coppens fish meal daily at 3% body 
weight. Water (24°C temperature and pH of 7.5) was changed daily to 
remove feacal matter and other waste materials. Feeding was stopped 
48 hrs before the commencement of the experiment and they were not 
fed throughout the experimental period.

Test pesticides

The pesticide; dichlorvos was procured from a commercial outlet in 
Ogbete market Enugu, Nigeria.

Experimental design: The study was carried out for a period of 15 
days. The fishes were kept in a container of 10 litres of fresh water 
in the laboratory at water temperature and pH of 24°C and 7.50 
respectively. They were kept in two experimental groups (2 and 3) of 
30 per group in triplicate of 10 fishes each. Group 1 served as control 
without treatment. Groups2 and 3 were treated with dichlorvos at 
concentrations of 21 and 43mg/l respectively. Each concentration 
was replicated three times. Feeding was stopped 48hrs before the 
commencement of the experiment. Three active juveniles were 
randomly harvested from each group at five days interval (day 1, 5, 10, 
15), sacrificed and blood drawn with a 2 ml syringe from the caudal 
vein for biochemical analysis.

Biochemical assay

Aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) were determined according to the method of Reitman S and 
Frankel S [9] while alkaline phosphatase (ALP) was determined 
according to the method of Babson AL, et al., [10] as outlined in 
Randox diagnostic kits. Acid phosphatase (ACP) activity, Urea, 
Creatinine and serum total protein levels were determined according 
to the method of Tietz NM, et al., [11] as outlined in Randox kit. Total 
bilirubin was determined according to Jendrassik-Grof analysis for 
total and direct bilirubin [12].

Statistical analysis

Analysis of data was carried out using SPSS version 7 statistical 
packages. Statistical significance of the results between groups was 
determined using one way analysis of variance (ANOVA). Differences 
between means were considered significant at P<0.05.

Results
The mean effect of dichlorvos pesticides on the catfish for day 1 

in comparison with the control is shown in table 1. There was no 

significant changes (p<0.05) in the biochemical parameters tested on 
day 1 following exposure of the fishes to dichlorvos.

The mean effect of dichlorvos pesticides on the catfish (Clarias 
gariepinus) juveniles for day 5 in comparison with the control is 
shown in table 2. There was significant increase (p<0.05) in the levels 
of the liver enzymes, ACP and bilirubin of the experimental groups 
(21 and 43mg/l) and non-significant increase in the urea level when 
compared with the control. STP and creatinine levels were reduced 
non-significantly.

The mean effect of dichlorvos pesticides on the catfish (Clarias 
gariepinus) juveniles for day 10 in comparison with the control is 
shown in table 3. There was significant increase (p<0.05) in the levels 
of the liver enzymes and ACP with non-significant increase in the 
bilirubin and urea levels of the experimental groups when compared 
with the control group. The creatinine level was reduced non-
significantly (p<0.05).

The mean effect of dichlorvos pesticides on the catfish (Clarias 
gariepinus) juveniles for day 15 in comparison with the control is 
shown in table 4. The levels of AST, ALP and ACP were significantly 
increased (p<0.05) in the experimental groups while ALT level was 
increased non-significantly when compared with the control. STP, 
bilirubin, creatinine and urea levels were reduced non-significantly 
(p<0.05) but at concentration of 21mg/l, STP increased significantly.

Discussion
Investigation of toxicity associated with use of pesticide especially 

to non-target organisms such as fish is essential in order to sustain 
aquatic life and subsequently protect man from dangers to health 
arising from consumption of contaminated aquatic products. From 
the report of WHO [13], dichlorvos is said to be highly toxic with 
LC50 in the range 0.1-1 mg/L to moderately toxic with LC50 in the 
range 1 to 10mg/L to fish, with a few reports indicating slight toxicity 
of LC50 in the range 10-100 mg/L. Several researchers have studied 
the acute toxic effects of dichlorvos in different species of fish. Shepard 
[14] reported 96-h LC50values between0.004-11.6 mg/Lof dichlorvos 
in fish. Nwamba HO, et al., [6] also reported 96 hLC50 in fishes of 
17.21mg/L with lower and upper confidence limits of 15.78–18.19mg/
L respectively.

Biochemical parameters are routinely used as indicators of sublethal 
response to stress to endogenous or exogenous changes in fish. In 
this work, the sublethal toxic effects of dichlorvos at concentrations 
of 21mg/l and 43mg/l on some biochemical parameters of African 
catfish were examined for 15 days and the analyses were made at 
5-days intervals of 1, 5, 10 and 15 days. It has been reported that the 
toxicity of dichlorvos to organisms depends on sex, concentrations, 

Parameter 21mg/l 43mg/l Control
AST 48.00 ± 1.00 42.33 ± 0.58 44.00 ± 1.00
ALP 60.33 ± 2.52 60.00 ± 1.00 61.00 ± 1.00
ALT 30.67 ± 3.06 30.00 ± 1.00 33.00 ± 2.00
ACP 81.33 ± 2.08 86.33 ± 1.53 81.00 ± 1.00
STP 4.33 ± 0.02 4.19 ± 0.01 6.28 ± 0.01
BILIRUBIN 0.66 ± 0.02 0.56 ± 0.015 0.54 ± 0.01
CREATINENE 4.29 ± 0.02 4.43 ± 0.02 4.34 ± 0.01
UREA 68.33 ± 0.58 65.33 ± 2.08 62.67 ± 0.58

Table 1: Mean effect of dichlorvos pesticide on the catfish (Clarias 
gariepinus) juveniles on day 1.
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developmental stages and exposure periods [15]. On day 1 of the 
experiment, there were no significant changes in the values of the 
liver enzymes at the two concentrations evaluated when compared 
with the control as shown in table 1. Liver enzymes (ALT, AST and 
ALP) are marker enzymes for liver function and integrity [16,17]. 
Liver enzymes are released into the blood during liver cells damage 
thereby increasing the enzyme activity [18,19]. Elevation of liver 
enzymes is also associated with cell necrosis of many tissues especially 
the liver [20]. From the result, the activities of transaminases were 
not significantly (p<0.05) altered on day 1 following exposure to 
dichlorvos. This indicates that dichlorvos did not cause immediate 
necrotic effect on the liver. However, there was significant increase in 
the activities of the liver enzymes at both concentrations on days 5 and 
10 but minimally on day 15 for ALT when compared with the control. 

This indicates that the damages to the liver tissues are dependent on 
the duration of exposure and the insignificant changes observed for 
ALT on day 15 could be as a result of regrowth of some of the damaged 
tissues overtime. Therefore, the toxic effect of dichlorvos on the liver 
of fish is dependent on duration of exposure and may not necessarily 
be attributed to dose as observed in tables 1-4. Of worthy of note is 
the increase in ALP level more than the other liver enzymes in all the 
experimental days. Alkaline phosphatase (ALP) is a membrane-bound 
enzyme and its elevation indicates intra- hepatic cholestasis. There 
was also a consequent rise in the bilirubin levels on the experimental 
days when compared with the normal control group. This suggests 
that dichlorvos induced intra-hepatic cholestasis and consequently 
jaundice in the experimental groups independent of the dose.

Acid phosphatases are group of lysosomal enzyme that hydrolyze 
phosphate at an acid pH. They are present in many tissues such as 
platelets, lung, liver and kidney [21]. It has been established that acid 
phosphatase is a tumour marker for prostate cancer [22]. An elevation 
of the serum acid phosphatase level has been considered indicative of 
metastasizing carcinoma of the prostate [23]. In this study, there was no 
significant increase (p<0.05) in ACP level on days 1 and 15. However, 
there was a significant increase (p<0.05) on days 5 and 10 which was 
not dependent on the dose when compared with the normal group. 
This elevation in the activity of ACP observed indicates that dichlorvos 
could predispose one to risk of prostate cancer following consumption 
of contaminated fish.

Serum total protein is a biochemical test used for measuring the 
total amount of protein in serum. It compares the amount of albumin 
with globulin which are the two classes of proteins found in the fluid 
portion of blood [24]. Proteins are the building blocks of tissues and 
cells. They are needed for growth and development. They also form the 
structural part of organs; make up hormones and enzymes. A change 
in the total protein levels could be attributed to various conditions 
which may cause either abnormal high production of protein, interfere 
with the production of albumin or globulin proteins or increase the 
loss or breakdown of proteins. Decrease in the serum total protein 
level due to toxicity could be as a result of massive hepaticnecrosis 
and chronic cirrhosis which significantly destroys the liver cells. From 
the result of the analysis, the level of serum total protein (STP) was 
reduced insignificantly (p<0.05) at the two concentrations tested on 
days 1, 5 and 10 but significantly increased (p<0.05) at 21mg/l on 
day 15 as shown in table 4. This indicates that longer exposure to 
dichlorvos interfered with protein synthesis or caused loss of protein 
via excretion and also suggests a negative effect in the kidney and the 
liver. This observation could also mean that the changes in the serum 
total protein is dependent on the duration and may not necessarily be 
on the exposure dose. 

Increase in blood urea is indicative of renal impairment. The most 
common cause of an elevated blood urea is poor kidney function, 
although a serum creatinine level is a more specific measure of renal 
function. Impaired renal excretion of urea may be due to temporary 
conditions such as dehydration or shock, or maybe due to either 
acute or chronic disease of the kidneys themselves. The exposure 
of C. gariepinus to two different doses of dichlorvos did not induce 
significant changes in the urea and creatinine levels. The increase 
observed in the urea and creatinine at 21mg/l on days 1, 5 and 10 as 
against the control group could be attributed to temporal conditions 
like dehydrations and may not be associated with damaged pancreatic 
cells. Creatinine is a metabolite of muscle creatinine and the amount 
in serum is said to be proportional to the body’s muscle mass [25]. 
Amount of creatinine is always constant and so increased levels indicate 

Parameter 21mg/l 43mg/l Control
AST 77.67 ± 1.53a 75.00 ± 5.00a 40.33 ± 2.51b

ALP 97.67 ± 1.53a 94.33 ± 5.03a 71.33 ± 3.21b

ALT 51.33 ± 1.53a 54.67 ± 1.53a 30.00 ± 1.00b

ACP 90.67 ± 2.08a 77.33 ± 2.08b 61.33 ± 1.53c

STP 5.56 ± 0.02a 5.20 ± 0.02a 7.02 ± 0.02a

BILIRUBIN 0.63 ± 0.02a 0.84 ± 0.02b 0.24 ± 0.01c

CREATININE 5.36 ± 0.02a 5.21 ± 0.02a 5.67 ± 0.01a

UREA 61.67 ± 1.53a 56.67 ± 1.53a 52.67 ± 1.16a

Table 2: Mean effect of dichlorvos pesticide on the catfish (Clarias 
gariepinus) juveniles on day 5.

Values in the same row marked with the same letter are not significantly 
different (p<0.05).

Parameter 21mg/l 43mg/l Control
AST 64.33 ± 1.53a 68.00 ± 1.00a 40.33 ± 1.52b

ALP 82.00 ± 1.00a 82.00 ± 1.00a 63.67 ± 1.00b

ALT 46.33 ± 1.53a 44.00 ± 1.00a 30.33 ± 1.53b

ACP 91.00 ± 1.00a 94.33 ± 2.00a 64.00 ± 1.00b

STP 5.19 ± 0.01a 5.23 ± 0.58a 6.30 ± 0.01a

BILIRUBIN 0.48 ± 0.01a 0.58 ± 0.01a 0.42 ± 0.01a

CREATININE 4.57 ± 0.01a 4.53 ± 0.02a 5.28 ± 0.02a

UREA 63.67 ± 0.58a 57.66 ± 0.58a 60.33 ± 0.58a

Table 3: Mean effect of dichlorvos pesticide on the catfish (Clarias 
gariepinus) juveniles on day 10.

Values in the same row marked with the same letter are not significantly 
different (p<0.05).

Parameter 21mg/l 43mg/l Control
AST 62.00 ± 1.00a 60.00 ± 2.00a 38.00 ± 1.00b

ALP 74.33 ± 0.58a 71.00 ± 1.00a 61.00 ± 1.00b

ALT 32.33 ± 0.58a 30.33 ± 1.53a 28.00 ± 2.00a

ACP 74.00 ± 1.00a 70.00 ± 1.00a 60.00 ± 2.00b

STP 14.21 ± 0.02a 4.15 ± 0.02b 5.36 ± 0.02b

BILIRUBIN 0.41 ± 0.01a 0.52 ± 0.01a 0.58 ± 0.01a

CREATINENE 5.35 ± 0.02a 5.30 ± 0.01a 6.92 ± 0.01a

UREA 52.33 ± 0.58a 49.00 ± 1.00a 54.00 ± 1.00a

Table 4: Mean effect of dichlorvos pesticide on the catfish (Clarias 
gariepinus) juveniles on day 15.

Values in the same row marked with the same letter are not significantly 
different (p<0.05).
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reduced renal function since it is easily excreted by the kidneys [26]. 
From the study, creatinine level throughout the experimental days did 
not increase rather there was an insignificant decrease in comparison 
with the control group. This indicates that exposure of C. garirpinus to 
dichlorvos did not significantly affect the levels of creatinine.

Conclusion
Aquatic lives are at risk to environmental pollution arising especially 

from agricultural practices. Toxicity due to pesticides as evidenced by 
the sublethal doses of dichlorvos in this study is detrimental to non-
target animals such as fishes. This study showed that exposure of fishes 
to sub-lethal doses of dichlorvos caused various biochemical changes 
which are fatal to survival. Care must be taken to safeguard these 
aquatic lives.
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