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Abstract: Herbicide activities in any aquatic system can disrupt the biological functions of the biota therein. 
This study investigated the toxicity, hematological, and biochemical responses of Clarias. gariepinus to a new 
brand of herbicide. Before the acclimatization of the fish, a range-finding test was done to determine the lethal 
dosage of the herbicide. The lethal dosage of the concentrations on the test fish was done using the endpoint 
(LC50). Standard methods were used to assess and compute the hematological and biological parameters from 
the sub-lethal test. The Statistic Package for Social Science and Microsoft Excel version 2019 was used to 
compute the mean data collated and the Probit analysis. The analysis of the physical and chemical parameters 
of the borehole water used in this study showed p<0.05 and p>0.05 for the mean parameters analyzed. The 
water was considered suitable for the bioassay test. Findings from the lethal concentration (LC50) short test at 
log 0.65 Probit, for 96 h, demonstrated that the herbicide was also toxic to the fish and provoked behavioral 
stress. The findings of the sub-lethal test using the biochemical and hematological biomarkers showed the 
following ranks; ALT (Alanine transaminase) > Urea > ALP (Alkaline phosphatase) > ALB (Albumin) > 
Creatinine and LYM (Lymnocytes) > WBC (White blood cell) > GRAN (Granulocytes) > RBC (Red blood cell) 
> HGB (Hemoglobin) > PLT (Platelet). There was no significant difference in the mean values for both 
biomarkers at p> 0.05 in the treatment and the control groups. There was a reduction in the hematological and 
biochemical indices which resulted in microcytic anemia in the fish after exposure to the herbicides at various 
concentrations exempting the control. This was due to oxidative stress as a result of the discharge of ROS 
(reactive oxygen species) in the blood cells and serum. 
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INTRODUCTION 

Across the globe, sustainable food security is a 

vision of many international and governmental 

organizations to fight and prevent mortality, food 

shortages, starvation, and hunger, which are serious 

pointers that have been long identified as major 

difficulties that would encircle the globe around 2050, 

when the world population is due to reach 10 billion.  

In Agriculture, there has been a rapid rise in the use 

of herbicides to boost the production of food to meet the 

demands of the evolving population rise (Lengai et al., 

2020; Oladokun et al., 2020). 

In line with this demand, different forms of 

herbicides used in targeting special plant weeds, are 

employed to increase the yield of crops. In Nigeria and 

many developing nations of the world, one of the most 

widely used herbicides is 1,1'-dimethyl-4-4'-

bipyridinium, commonly called Paraquat (Mbuk et al., 

2009; Nwani et al., 2014). Contrarily, this herbicide was 

outrightly banned in developed countries like the EU 

(European Union) back in the year 2007 (Dinis-Oliveira 

et al., 2008).  

It has been established that Paraquat is applied to 

desiccate and defoliate economic plants like sugarcane, 

sunflowers, potatoes, soybeans, beans, and cotton before 

harvesting (Bromilow, 2004; Gwathway and Craig, 

2007). Based on the continuous utilization and high 

level of solubility of Paraquat in the areas of horticulture 

(non-agriculture) and agriculture, large quantities of it 

could have infiltrated the aquatic bodies via runoffs and 

surface water thus posing serious health and 

environmental threats to the biota living in there, even 

when the concentration is at sublethal (Marin-Morales 

et al., 2013). Severe conditions like mortality, 

physiological influence, and cytogenetical damages 

might ensue when aquatic resource comes in contact 

with the residues of herbicides in water (Tortorelli et al., 

1990; Dinis-Oliveira et al., 2008; Huang et al., 2013; 

Ensibi et al., 2013; Tsai, 2013). This mechanism of 

action can result in ecosystem instability, food web 

modification, and food chain disruption (Forget et al., 

1998; Burkepile et al., 2000; Sande et al., 2011).  

However, to establish the hematological and 

physiological changes in aquatic resources like fish and 

the management and control of certain diseases, several 

biomarkers and indices have been proposed to ascertain 

what takes place in the biota. Parameters such as PCV, 

WBC, Hb RBC, MCHC, MCH, and MCV (packed cell 

volume, white blood cells, hemoglobin, red blood cells, 

mean corpuscular hemoglobin concentration, mean 

corpuscular hemoglobin, and mean corpuscular 

volume), have been suggested by Dogan and Can (2011) 

to verify anomalies in the blood system of the fishes. 

Meanwhile, enzymes like Alanine transaminase (ALT), 

Alkaline phosphatase (ALP), glucose, and plasma 

proteins, have been suggested by El-sayed et al., (2007) 

and Suvetha et al., (2010) to ascertain the irregularities 

in the biochemical compositions of the fishes.  

The African catfish is known as C. gariepinus; the 

family Clariidae is a sharp-tooted Pisces that is 
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commonly used for ecological and toxicological 

assessment of chemicals. It is biologically relevant and 

cheap to purchase as an experimental model compared 

to other species because of its high adaptability to the 

environmental factors in Nigeria waters in-situ and ex-

situ, and the juvenile stage responds variably to any 

induce biological settings (US EPA, 2000; Adeyemi et 

al., 2014; Olaniyi and Omitogun, 2014; Olorunfemi et 

al., 2015; Ndimele et al., 2015; Olaniran et al., 2019; 

Ibor et al., 2020). 

Few studies have elaborated on the influence of 

Paraquat on some biochemical and physiological 

parameters as well as on the toxicology of chemicals on 

the catfish ex-situ (Ogamba et al., 2011, Ada et al., 

2012, Safahieh et al., 2012; Ayanda et al., 2015a and b; 

Nwani et al., 2014; Olorunfemi et al., 2015). 

Nonetheless, this study intends to expand on already 

existing works on the acute toxicity, biochemical, and 

hematological responses of C. gariepinus to varying 

concentrations of a novel brand of paraquat herbicide 

since the effects of paraquat on tropical fish species have 

not been exhausted. It will also stress and foster the 

importance of the toxicities when used for agricultural 

purposes and the likely impact on the aquatic 

environment in the long run across the food chain. 
 
MATERIALS AND METHODS 
Study location 

This study was carried out in the toxicology 

laboratory of the University, of Benin City, Edo State, 

Nigeria. 

 

Ethical approval 
The ethical committee in charge of the regulation 

and use of animal species in laboratory studies of the 

University of Benin, Benin City, Edo State, Nigeria, 

sanctioned and approved this study. The experiment was 

done according to the standard set by Bennett et al., 

(2016) and Sloman et al. (2019).  

 

Procurement and maintenance of fish 
The juvenile African catfish, C. gariepinus of 

average weight, and length of (18.24±2.22) g and 

(9.17±1.73) cm, respectively, were procured from a 

commercial fish farm on Ekehuan Road, Benin City. 

They were kept in glass tanks (aquaria) of dimensions 

20 by 15 by 30 cm in the laboratory with a water 

capacity of about 6 liters. The water used was devoid of 

chlorine contents (de-chlorinated) which were later 

exposed to room temperature (28.5 ± 0.5 °C) as well in 

atmosphere air for about 24 hours. Dust and other air 

impurities were prevented by constantly changing the 

water every 12 hours. C. gariepinus diploid 

chromosome 2n = 58 (Lui et al., 2010) was chosen for 

this study because of its sensitivity to pollutants (Bailey 

et al., 1992). 

 

Acclimatization 
The fish were acclimated for one week (7 days) 

under controlled room temperature (28.7-29.4 ºC), pH 

(4.81 ± 0.32), biological dissolved oxygen (BOD5) 6.8 

± 0.42 mg l-1, and DO 6.6 ± 0.1 mg l-1. During the 

period of acclimatization, the test organisms were fed to 

satisfaction two times daily with a fish meal consisting 

of pellets and crude protein, 42 %, and 3,400 Kcal kg-1 

DE respectively, at 3 % body weight. Before the 

controlled biological experiment, feeding was altered a 

day to the experiment under established standards by 

UNEP, (2000). Also, during this period, the test 

organisms were scrutinized for diseases and pathogens. 

The organisms were scrutinized for disease by the 

observation of their breathing rate, white patches or 

spots on their fins and body, and darting or twitching 

around the body of the test tanks. Fishes observed are 

immediately isolated and quarantined in a separate test 

tank and treated accordingly depending on the 

symptoms observed. The water used for the bioassay 

test was changed every 24 h to avoid the accumulation 

of wastes of metabolic origin (Olorunfemi et al., 2015). 

A total of 400 juvenile fishes were acclimatized before 

the main experiment. 

 

Toxicant selected 
The total contact herbicide product of The Candel 

company limited, Plot 40, block 4, Jokyemi Street of 

Christ Avenue, Lekki Scheme 1, Lagos, manufactured 

by Hubei Sandonda Co. Limited 93, East Beijing Road 

Jingzhou, Hubei 434001 China, was procured from the 

Venco Nigeria Limited, Textile Mill Road branch, 

Benin City, Nigeria. The active ingredients therein were 

1,1'-dimethyl-4-4'-bipyridinium – 24 % WW with 

emetic, dye, and stench formulations. NAFDAC Reg. 

No.: A5-0966, Batch No.: 20150425, Manufactured 

April 25, 2015, and Expiry date on April 24, 2017. 

 

Acute toxicity testing 
The static renewal acute toxicity test was carried out 

under the guidelines set by the OECD (1992) as 

modified by Olorunfemi et al., (2015). A serial dilution 

was carried out to determine the range of concentrations 

to be used for the experimental setup. Ten (10) fishes 

each in triplicates were exposed to 0, 2.2, 4.3, 6.4, and 

8.5 ml/L of the test concentrations, making it a total of 

150 used to determine the 96 h LC50 of the herbicide. 

The survival and death rates were documented 

sequentially at every 24 h for 4 days (96 h) in each of 

the concentrations used. Any deceased fish observed in 

the test tank was removed to avoid build-up or the 

addition of organic wastes. Spasmodic movements, 

appendage movement, spinning rate, equipoise status, 

and hyperactivity, were the most observed behaviors in 

the experimental setup. 

 

In vivo sub-lethal testing 
The concentrations used in the sub-lethal testing 

were 0, 0.1, 0.2, 0.3, and 0.4 ml/L in triplicates. Every 

24 h, the test water was changed and the same 

concentrations were re-introduced into the test tanks. 

The experimental exposure period lasted for 21 days. On 

day 21, blood samples were collected from the fish 

through the caudal vein by pricking it with a 5 mL 

needle syringe (heparinized). About 100 mL of blood 

was extracted from the fish from each test tank. 

The blood samples were stored in treated EDTA 

(ethylene-diamine tetra-acetic acid) vials. The collected 

samples were used for the valuation of the 

hematological analysis for WBC, RBC, and Hb count. 

Some samples of the collected samples were centrifuged 
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at 10 000 r/min for five minutes, to determine the plasma 

and serum counts for the valuation of Creatinine, ALB, 

ALP, and ALT.  

 

Hematologic analysis 
The method of Rusia and Sood (1992) as modified 

by Nwani et al., (2014) and Lengai et al., (2020), was 

used to determine the WBC and RBC counts with an 

enhanced Neubauer hemocytometer. The blood content 

was assessed at 540 nm wavelength by employing the 

cyanmethemoglobin technique of Blaxhall and Daisley, 

(2006). According to the technique of Nelson and 

Morris (1986), as modified by Nwani et al., (2014) and 

Oladokun et al., (2020), the PCV counts were estimated 

at 11 000 r/min for six minutes with the aid of an 

enhanced centrifuge (Hawksley hematocrit).  

The technique of Dacie and Lewis (1984) as 

modified by Nwani et al., (2014) and Lengai et al., 

(2020), was used to assess the following Red blood cell 

indices, such as MCV (Mean corpuscular volume), 

MCH (mean corpuscular hemoglobin), MCHC (Mean 

corpuscular hemoglobin concentration), LYM 

(Lymnocytes), WBC (White blood cell), GRAN 

(Granulocytes), RBC (Red blood cell), HGB 

(Haemoglobin), RDW-SD (Red cell distribution width-

standard deviation), PLT (Platelet), RDW-CV (Red cell 

distribution width-coefficient of variation), PDW 

(Platelet distribution width), MPV (Mean platelet 

volume), PCT (Plateletcrit) and P-LCR (Platelet larger 

cell ratio). 

 

Biochemical estimation 
The o-toluidine plasma glucose technique by Lowry 

et al., (1951), Reitman and Frankel (1957), and Cooper 

and Daniel (1970) as modified by Lengai et al., (2020) 

and Oladokun et al., (2020) was used to determine the 

ALB, ALT, and ALP levels. 

 

Physical and chemical parameters 
The water used in the experimental setup was 

characterized and determined using the APHA (2005) 

and ASTM (2013) methodologies. Concerned 

parameters assessed were pH, EC (Electrical 

conductivity), water temperature, TDS (total dissolved 

oxygen), DO (dissolved oxygen), BOD5 (biological 

dissolved oxygen), COD (chemical dissolve oxygen 

demand), Cl (chlorine), P (phosphate), NO2 (nitrite), 

NO3 (nitrate), Fe (iron), Zn (zinc), Mn (manganese), Cu 

(copper) and TCC (total coliform counts). 

 

Statistical Analysis 
The mean values of the water parameters used in this 

study were subjected to ANOVA; one-way analysis was 

set at P < 0.05. The lethal dosage of the concentrations 

on the test fish was done using the method of Finney 

(1971) to determine the endpoint (LC50). The SPSS 

(Statistic Package for Social Science) version 21.0 Inc. 

Chicago, Illinois, USA, and Microsoft Excel version 

2019 were used to compute the mean data collated in 

this study. 

 
RESULTS AND DISCUSSION 
The results of the behavior, percentage of 
mortality, and LC50 of the novel brand of 
paraquat in C. gariepinus after exposure for 96 
h 

The results of the percentage of mortality of the 

novel brand of herbicide in C. gariepinus after exposure 

to different concentrations for 96 h are presented in 

Tables 1-4. The behavioral observations when the 

herbicide was exposed to C. gariepinus were wheezing 

for air, irregular movement, and restlessness, Though, 

standard behavior was detected in the control groups. 

The mean percentage of mortality was noticed to be 

between 4 and 5 out of the 10 test organisms used. 

 
Table 1. 

Mortality rates of C. gariepinus juveniles exposed to varying concentrations of the novel herbicide (N=10) 
 

Mortality 

Concentration 
(mg/l) /L 

No of Mortality 
Percentage 

Mortality 
24 

hours 
48 hours 

72 
hours 

96 hours 

Control 0 0 0 0 0/10 0 
2 0 2 0 2 04/10 50 
4 2 0 1 2 05/10 50 
6 2 1 2 0 05/10 50 
8 4 1 0 0 05/10 50 

 
Table 2. 

Percentage mortality rates of C. gariepinus juveniles exposed to varying concentrations of the novel herbicide (N=10) 
 

No of deaths at 96 hours in Triplicates 

Concentration (mg/l)/L   Mortality  Percentage 
Mortality (%) 

Probit   

 1 2 3        

Control 0 0 0 0/10  0  2.5   
2 0 2 2 04/10  40  4.75   
4 2 0 3 05/10  50  5   
6 2 3 0 05/10  50  5   
8 4 1 0 05/10  50  5   
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Table 3. 
Mortality records of C. gariepinus juveniles exposed to the novel herbicide concentrations for 96 h 

 

Concentration 
Log Conc. Total No. of Fish 

No. Dead 
Mean Mortality % Mortality Probit 

(mg/L)/L 96 hours 

0 0 10 0 0 0 2.5 
2 0.3 10 4 1.33 40 4.75 
4 0.6 10 5 1.66 50 5 
6 0.77 10 5 1.66 50 5 
8 0.9 10 5 1.66 50 5 

 
Table 4. 

Mean mortality rates of C. gariepinus juveniles exposed to acute concentrations of the novel herbicide for 96 hours 
 

Concentration (mg/L) Log Conc. 
% Mean Total 

Mortality 
Mean Valve Probit 

0 0 0 0 2.5 

2 0.3 40 1.33 4.75 
4 0.6 50 1.66 5 
6 0.77 50 1.66 5 
8 0.9 50 1.66 5 

 

The results from the behavioral activities of the fish 

when exposed to the novel brand of herbicide in this 

study, showed a level of toxicosis of the herbicide. The 

symptoms observed in this study conformed to what was 

obtained and noted by Ayuba and Ofojekwu (2002), 

Onusiriuka (2002), Auta and Ogueji (2007), Okomoda 

and Ataguba (2011), Aderolu et al., (2010), Olorunfemi 

et al., (2015), Nwani et al., (2014), Olaniran et al., 

(2019) and Ibor et al., (2020) such as the air gulping, 

abnormal restlessness, erratic and stressful symptoms. 

These symptoms could have been a result of the 

physiological influences and mechanism of action of the 

herbicides on the gills and blood (respiratory, 

biochemical, and hematological) systems of the fish. 

The probit of death against the log concentration of 

C. gariepinus at 96 h and LC50 was also determined 

(Figure 1). The LC50 at 96 h was 0.65 mg/L (4.47 L) with 

lower and upper confidence limits of 0.678 mg/L (4.76 

L) and 0.735 mg/L (5.43 L) respectively. The computed 

regression equation was found to be Y= 20*x + -13 (R 

= 4.447 (log 0.65) Y = probit kill) Figure 1. The Person 

goodness of fit using Chi-square showed no significant 

difference (P > 0.05) among the concentration of the 

chemical used and the Z score mean estimate (3.736) 

revealed that there was a significant difference (P < 

0.05) amongst the concentrations with the standard error 

of 3.025. 

 

 
Fig. 1. Linear relationship between the mean probit death and log concentration of C. gariepinus Juveniles exposed to the 
novel herbicide for 96 h. 
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The findings from the short toxicity evaluation for 

96 h, revealed that the herbicide is highly noxious. The 

96 h LC50 obtained in this study, showed that when the 

herbicide is released into the natural environment, there 

is a possibility that about 50% of the population of fish 

in the region at which the concentration is median, will 

be exterminated. The trend of mortality observed in this 

study demonstrated that the death of the test organism 

was both concentration and time-reliant. A previous 

study also established similar trends in different species 

of fish (Pandey et al., 2005; Ada et al., 2012; Safahieh 

et al., 2012; Nwani et al., 2013 and 2014; Olaniran et 

al., 2019; Ibor et al., 2020). It can be asserted here, that 

C. gariepinus showed a positive response to the toxicant 

likely because of the age of the species used, and the 

positive environmental conditions affecting them at the 

time the study was conducted.  

The results of the hematological and 
biochemical parameters 

The results of the changes in the various 

hematological parameters are presented in Table 5. It 

was observed that the values obtained showed no 

significant increase at P > 0.05 in the mean 

concentration as compared to the control groups. 

However, there was a decrease in the MCV, MCH, and 

MCHC count in the exposed fish at the end of the 

biological test. The values are MCV: control (140.43 fl). 

0.1 ml (141.70 fl), 0.2 ml (97.70 fl), 0.3 ml (86.33 fl) 

and 0.4 ml (36.83 fl), MCH: control (46.33 pg). 0.1 ml 

(46.83 pg), 0.2 ml (32.60 pg), 0.3 ml (28.73 pg) and 0.4 

ml (12.27 pg) and MCHC: control (32.67 g/dl). 0.1 ml 

(32.83 g/dl), 0.2 ml (22.10 g/dl), 0.3 ml (22.00 g/dl) and 

0.4 ml (11.00 g/dl).  

 
Table 5. 

Summary of the hematological parameters of C. gariepinus exposed to varying concentrations of the novel herbicide for 
21 days (three weeks) 

 

  Control 0.1 ml 0.2 ml 0.3 ml 0.4 ml  P-value 

Analytes Units 
Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max)   

WBC (×10^9/µl) 
0.87±0.50 

(0.2-2) 
11.33±6.5 
(0.00-32.7) 

26.53±15.32 
(0.1-59.1) 

3.47±2.00 
(0.00-5.5) 

0.97±0.56 
(0.1-2.6)  P>0.05 

LYM % 
32.83±18.96 

(0-98.5) 
60.83±35.1 
(0.00-99.0) 

65.47±37.80 
(0.00-99.3) 

65.83±38.01 
(0.00-99.0) 

33.00±19.05 
(0.00-99.0)  P>0.05 

MID % 
0.13±0.08 

(0-0.4) 
1.13±0.7 
(0-2.8) 

0.83±0.48 
(0.00-2.2) 

0.23±0.13 
(0.00-0.40) 

0.10±0.06 
(0.00-0.30)  P>0.05 

GRAN % 
0.37±0.21 

(0-1.1) 
1.13±0.7 
(0.00-2.8) 

0.37±0.21 
(0.00-0.7) 

0.60±0.35 
(0.00-1.10) 

0.23±0.13 
(0.00-0.7)  P>0.05 

LYM (×10^9/µl) 
0.67±0.38 

(0-2) 
11.17±6.4 
(0.00-32.4) 

25.90±14.95 
(0.00-57.4) 

3.40±1.96 
(0.00-5.40) 

0.87±0.50 
(0.00-2.60)  P>0.05 

MID (×10^9/µl) 
0.00±0.00 
(0.00-0.00) 

0.07±0.00 
(0.00-0.20) 

0.47±0.27 
(0.00-1.3) 

0.00±0.00 
(0.00-0.00) 

0.00±0.00 
(0.00-0.00)  P>0.05 

GRAN (×10^9/µl) 
0.00±0.00 
(0.00-0.00) 

0.10±0.10 
(0.00-0.20) 

0.13±0.08 
(0.00-0.40) 

0.07±0.04 
(0.00-0.10) 

0.00±0.00 
(0.00-0.00)  P>0.05 

RBC (×10^12/µl) 
0.09±0.05 
(0.02-0.21) 

0.34±0.20 
(0.03-0.9) 

0.70±0.40 
(0.00-1.44) 

0.20±0.12 
(0.00-0.31) 

0.06±0.04 
(0.00-0.19)  P>0.05 

HGB (g/dl) 
0.40±0.23 
(0.1-0.96) 

1.71±1.0 
(0.13-4.4) 

3.68±2.12 
(0.4-7.7) 

0.88±0.51 
(0.00-1.33) 

0.30±0.17 
(0.10-0.70)  P>0.05 

HCT % 
1.20±0.69 
(0.3-2.9) 

5.13±3.0 
(0.40-13.2) 

10.63±6.14 
(0.00-23.1) 

2.63±1.52 
(0.00-4.00) 

0.70±0.40 
(0.00-2.10)  P>0.05 

MCV (fl) 
140.43±81.08 
(133.3-150) 

141.70±81.8 
(133.3-153) 

97.90±56.52 
(0.00-160.4) 

86.33±49.85 
(0.00-130) 

36.83±21.27 
(0.00-110.5)  P>0.05 

MCH (pg) 
46.33±26.75 

(43.3-50) 
46.83±27.0 
(43.3-51.1) 

32.60±18.82 
(0.00-53.5) 

28.73±16.59 
(0.00-43.3) 

12.27±7.08 
(0.00-36.8)  P>0.05 

MCHC (g/dl) 
32.67±18.86 

(32-33) 
32.83±19.0 
(32.5-33.0) 

22.10±12.76 
(0.00-33.3) 

22.00±12.70 
(0.00-33.0) 

11.00±6.35 
(0.00-33.0)  P>0.05 

RDW-CV % 
3.63±2.10 
(0-10.9) 

5.53±3.2 
(0.00-8.90) 

9.30±5.37 
(0.00-15.5) 

11.30±6.52 
(0.00-23.9) 

5.00±2.89 
(0.00-15.0)  P>0.05 

RDW-SD (g/dl) 
21.30±12.30 

(0-63.9) 
23.30±13.5 
(0.00-69.9) 

60.00±34.64 
(0.00-99.5) 

53.30±30.77 
(0.00-81.7) 

24.47±14.13 
(0.00-73.4)  P>0.05 

PLT (×10^3/µl) 
14.33±8.28 

(2-33) 
12.67±7.3 
(0.00-30.0) 

28.00±16.17 
(8.00-50.0) 

16.33±9.43 
(0.00-38.0) 

4.67±2.69 
(1.00-10.00)  P>0.05 

MPV  

3.87±2.23 
(0-6) 

4.00±2.3 
(0.00-6.1) 

9.27±5.35 
(5.8-12.6) 

5.60±3.23 
(0.00-10.8) 

1.97±1.14 
(0.00-5.90)  P>0.05 

PDW (fl) 
4.63±2.68 

(0-7.5) 
0.00±0.00 
(0.00-0.00) 

6.53±3.77 
(6.4-6.8) 

3.47±2.00 
(0.00-10.4) 

0.00±0.00 
(0.00-0.00)  P>0.05 

PCT % 
0.00±0.00 
(0-0.01) 

0.00±0.00 
(0.00-0.00) 

0.03±0.02 
(0.00-0.06) 

0.01±0.01 
(0.00-0.04) 

0.00±0.00 
(0.00-0.00)  P>0.05 

P-LCR % 
0.00±0.00 
(0.00-0.00) 

0.00±0.00 
(0.00-0.00) 

15.53±8.97 
(0.00-31.7) 

7.67±4.43 
(0.00-23) 

0.00±0.00 
(0.00-0.00)  P>0.05 

         
Note: MID means the combined worth of other leukocytes not categorized as granulocytes or lymphocytes 

 

60



 Osayande Ernest E.I., Osikemekha A.A. 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 33, issue 2, 2023, pp. 56 - 66 

© 2023 Vasile Goldis University Press (www.studiauniversitatis.ro) 

Similarly, the variations in the chief hematological 

parameters (MCHC, MCH, and MCV), indicated that 

there were no significant differences in their mean when 

likened to their respective control at P>0.05. More so, it 

was observed that the lymphocytes dominated the 

leukocytes in the C. gariepinus peripheral body fluid 

when the novel brand of herbicide was exposed to it 

(Table 5). The ranks of the other hematological 

parameters in terms of abundance were in this form: 

LYM>WBC>GRAN>RBC>HGB and RDW-

SD>PLT>RDW-S>PDW>MPV>PCT>P-LCR.  

The diagnostic influence of the herbicide on the fish 

was determined by using hematological and 

biochemical assays. From this study, it was observed 

that the PCV, Hb, and RBC blood parameters of the fish 

decreased when exposed to the novel brand of herbicide. 

This could be linked to swift hemolysis and deformed 

erythropoiesis of the red blood cells. Erythropoiesis 

takes place at the head of the renal organ with about 10% 

of the immature blood cells specifically red blood cells, 

containing tetrameric iron and globin (hemoglobin) 

materials low in oxygen. This might lead to hypoxia 

condition of the fishes thus changing their physiological 

and metabolically reactions. Possible anomalies include 

cell deformation, swelling, vacuolation of the 

cytoplasm, and nuclear deformities of the blood cells 

(Zaahkook et al., 2016; Elias et al., 2018; Amaeze et al., 

2020; Oladokun et al., 2020). Similarly, there was also 

a reduction in the level of the MCHC, MCH, and MCV 

in the fish. This agrees with what was obtained by Haux 

et al., (1985), Nussey et al., (1995), Nwani et al., (2014), 

and Amaeze et al., (2020). The reduction in the 

hematological parameters could result in microcytic 

anemia and an imbalance in the osmoregulatory system. 

This denoted that the novel brand of herbicide has 

inhibitory potentials that can impede hematological 

functions that can also affect the O2 carrying volume of 

the erythrocytes.  

The presence of abundant leukocytes in the 

peripheral cells of the blood is an indication of 

leucocytosis stress to the herbicide (Nwani et al., 2014). 

The implication is that the fish's immune system was 

trying to adjust to the herbicide's toxicants thus releasing 

enough defense lymphocytes from the leukocyte tissue; 

lymphomyeloid.  

Generally, there is a local link between the levels of 

glucocorticoid and leukocytes in their stimulation of the 

lymphocyte percentages in living things in turn 

decreasing the levels of lymphocytes. This study 

revealed that the level of lymphocytes exceeded that of 

the leucocytes because the test fishes were trying to 

develop immunity to stress when exposed to the 

sublethal concentrations of the herbicide to survive. 

That is the reason no death was recorded. With this 

information, the lymphocytes can be identified as an 

immuno-   capable cell. Similar defense mechanisms in 

fish ecotoxicological response have been established by 

El-Sayed et al., (2007), Suvetha et al., (2010), and 

Nwani et al., (2014). 

The results of the biochemical parameters showed no 

significant increase at P>0.05 in the treated group when 

likened to the control group at the end of the biological 

test (Table 6). The differences in the enzyme parameters 

showed that the parameters were in the following ranks: 

ALT>Urea>ALP>ALB>Creatinine Table 6. The results 

of the biomarkers for the liver enzymes of the fish, when 

exposed to the novel brand of herbicide, provoked an 

increase in the activities of the ALT and AST. This 

increased in the biochemical activities responded as the 

concentration increased. Thus, the action of the 

herbicide on the test organism was concentration-

dependent. Philip et al., (1995), John et al., (2007), 

Suvetha et al., (2010), Li et al., (2011), Ayanda et al., 

(2015 and 2015b), Adesina et al., (2017), and Michael 

(2018), have also established similar concentration-

dependent activities in related fish species exposed to 

varying chemical concentrations. This elevated serum 

activity of the biochemical parameters could elicit 

transamination, which is a process to meet the metabolic 

energy demand of the fish when the toxicant impacts cell 

damage. Besides, this process elevated the levels of 

glucose in the fish. The concentration of the protein was 

increased as a result of the fish responding to the high 

demand for metabolic functions caused by the herbicide. 

Overproduction of protein enzymes like alkaline and 

acid phosphates due to the physiological response in the 

fish to the herbicide might cause kidney and liver 

damage. This is due to the production of ROS (reactive 

oxygen species) which could lead to the inhibitory 

defense of the antioxidant, proteins, and lipids because 

of oxidative stress (Nwani et al., 2014; Kaur and Jindal, 

2017). Variations in percentage composition and 

distributions of varied hematological and biochemical 

parameters in the whole blood, the tissue of catfish 

exposed to varying concentrations of novel herbicides. 

 
Table 6. 

Summary of the biochemical parameters of C. gariepinus exposed to varying concentrations of the novel herbicide for 21 
days (three weeks) 

 

  Control 0.1 ml 0.2 ml 0.3 ml 0.4 ml  P-value 

Analytes Units 
Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max) 

Mean± SE 
(Min-Max)   

ALT (u/l) 
36.33±20.98 

(21-48) 
44.00±25.4 
(32-60.0) 

52.33±30.22 
(30-77) 

36.67±21.17 
(0.00-62) 

36.33±20.98 
(25.0-45.0)  P>0.05 

ALP (u/l) 
7.70±4.45 

(6-9) 
11.03±6.4 
(8.2-16.5) 

15.13±8.74 
(8-29.4) 

10.03±5.79 
(0.00-20.7) 

8.33±4.81 
(7.40-8.90)  P>0.05 

ALB (g/l) 
4.90±2.83 
(2.6-8.5) 

16.27±9.4 
(9.7-25.0) 

11.53±6.66 
(3.6-27) 

18.37±10.60 
(0.00-34.6) 

6.80±3.93 
(5.20-8.10)  P>0.05 

Urea (mg/dl) 
30.90±17.84 
(25.1-39.6) 

35.03±20.2 
(28.4-41.0) 

35.63±20.57 
(27.5-44.7) 

32.57±18.80 
(0.00-49.4) 

27.33±15.78 
(16.5-38.5)  P>0.05 

Creatinine (mg/dl) 
0.47±0.27 
(0.2-0.9) 

0.23±0.1 
(0.2-0.3) 

0.40±0.23 
(0.2-0.7) 

0.33±0.19 
(0.00-0.60) 

0.23±0.13 
(0.20-0.30  P>0.05 
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The percentage composition and distributions of 

varied hematological parameters in the whole blood 

tissue of catfish. It was noticed that MCV had the 

highest percentage (45 %) of peripheral hemoglobin. 

This was followed by MCH (15 %), MCHC (11 %), 

LYM (11%), RDW (7 %), PLT (5 %), PDW (2 %), 

RDW-CV (1 %), MPV (1 %) and others (0 %) (Figure 

2). 

 

 
Fig. 2. Percentage composition and distributions of varied hematological parameters in the whole blood tissue of catfish. 

 

Moreover, it was noticed that the percentage 

composition and distribution were as follows: ALT (45 

%), Urea (38 %), ALP (10 %), ALB (6 %), and 

Creatinine (1 %) in the peripheral hemoglobin (Figure 

3).  It can be inferred that both the hematological and 

biochemical parameters of the fish, were influenced by 

the activities of the novel herbicides. This could be seen 

from the fluctuation of the percentage composition and 

distribution of the parameters with MCV and ALT 

dominating. Evidence of these indicates oxidative stress 

due to the formation of ROS (Nwani et al., 2014; 

Adesina et al., 2017; Kaur and Jindal, 2017). 

 
Fig. 3. Percentage composition and distributions of varied biochemical parameters in the whole blood tissue of catfish. 

 

Quantification and assessment of the physical 
and Chemical parameters of the borehole water 

The outcome of the physical and chemical analysis 

of the Borehole water used in this study is presented in 

Table 7. Some of the elements were present above 

permissible limits and showed significant and non-

significant values (P < 0.05 and P > 0.05) respectively. 

The minimum and maximum limits of the parameters 

analyzed were. The minimum and maximum limits of 

the parameters analyzed were pH (6.42-7.48), EC 

(184.5-224 µS/cm), water temperature (28.7-29.4 ºC), 

DO (5.8-7.1 mg/l), BOD5 (0.00-0.40 mg/l), COD (2.2-

3.4 mg/l), Cl (18.6-25.3 mg/l), P (0.10-0.25 mg/l), NO2 

(0.01-0.04 mg/l) NO3 (0.38-0.57 mg/l), Fe (0.24-0.53 

mg/l), Mn (0.01-0.034 mg/kg), Zn (0.07-0.11 mg/l), Cu 

(0.00-0.005 mg/l) and TCC (0.00-1.00 mg/l). 

The findings from the quantification of the borehole 

water parameters showed that the range of values is 

within the slated limits recommended for toxicity trials 

as recommended by OECD (1992). These values agree 
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with what was obtained from related studies by 

Okomoda and Ataguba (2011), and Olorunfemi et al., 

(2015). Hence, the water quality is deemed to be fit for 

the use of toxicity examination, without causing any 

deleterious harm to the fish.  

 
Table 7. 

Summary of the physical and chemical characteristics of the Borehole water used for the acute and chronic toxicity of 
dilution 

 

Code Units 
Mean± SE 
(Min-Max) DPR/FMEnv 1997 

 
P-values 

pH  

6.46±0.57 
(6.42-7.48) 6.5-9.2 P<0.05 

EC µS/cm 
199.4±21.14 
(184.5-224) NS P<0.05 

H2O Temp. ºC 
29.07±0.35 
(28.7-29.4) 30 ºC P<0.05 

TDS mg/l 
97.93±10.84 
(90.1-110.3) 2000 P<0.05 

DO mg/l 
6.5±0.66 
(5.8-7.1) 5 P<0.05 

BOD5 mg/l 
0.13±0.23 
(0.00-0.4) NS P>0.05 

COD mg/l 
2.83±0.60 
(2.2-3.4) 40 P<0.05 

Cl mg/l 
21.1±3.66 
(18.6-25.3) 200-600 P<0.05 

P mg/l 
0.16±0.08 
(0.10-0.25) 5 P>0.05 

NO2 mg/l 
0.023±0.01 
(0.01-0.04) NS P>0.05 

NO3 mg/l 
0.46±0.10 
(0.38-0.57) 20 P<0.05 

Fe mg/l 
0.36±0.15 
(0.24-0.53) 20(0.1-1.0) P>0.05 

Mn mg/l 
0.017±0.02 
(0.01-0.034) 5(0.05-0.5) P>0.05 

Zn mg/l 
0.09±0.02 
(0.07-0.11) 1(5-15) 

P<0.05 

Cu mg/l 
0.002±0.003 
(0.00-0.005) 0.05-1.5 

P>0.05 

TCC MPN/100m 
0.33±0.57 
(0.00-1.00) 0.00 

P>0.05 

NS: Not specified. All metals and non-metals are expressed in mg/l except conductivity (μS/cm) and pH (no units). DPR = 
Department of Petroleum Resources (1997), FMEnv = Federal Ministry of Environment (1997) maximum permissible limits 
for domestic water pollutants. The P<0.05 is significant; P>0.05 is non-significant. 

 
CONCLUSIONS 

The findings of this study have shown and 

established that a novel brand of herbicides is noxious 

and has inhibitory effects on C. gariepinus. If this 

herbicide finds its way via runoffs from the point and 

non-point sources to river bodies, it could induce severe 

toxicity, severe behavioral changes, oxidative stress and 

alter the biochemical and hematological activities of 

fishes in the water. Therefore, we recommend the 

outright ban of herbicides in agronomic activities and 

suggest an eco-friendly approach like bioherbicides for 

the management of farm weeds. 

 

Findings 
The findings of the sub-lethal test using the 

biochemical and hematological biomarkers showed the 

following ranks; ALT (Alanine transaminase) > Urea > 

ALP (Alkaline phosphatase) > ALB (Albumin) > 

Creatinine and LYM (Lymnocytes) > WBC (White 

blood cell) > GRAN (Granulocytes) > RBC (Red blood 

cell) > HGB (Hemoglobin) > PLT (Platelet). It was 

observed that the PCV, Hb, and RBC blood parameters 

of the fish decreased when exposed to the novel brand 

of herbicide. This could be linked to swift hemolysis and 

deformed erythropoiesis of the red blood cells.  There 

was a reduction in the hematological and biochemical 

indices which resulted in microcytic anemia in the fish 

after exposure to the herbicides at various 

concentrations exempting the control. This was due to 

oxidative stress as a result of the discharge of ROS 

(reactive oxygen species) in the blood cells and serum. 
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