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Abstract 

Herbicide Propanil is a toxicant that can adversely affect the health of fish. The present study 

was conducted to ascertain the toxicity effect of Propanil on hematology and serum 

biochemistry in Oreochromis niloticus juvenile. Fish specimens were exposed to sub-lethal 

concentrations (0.0, 0.22, 0.44 and 0.87 mg/L) of Propanil derived from the 96hour Lethal 

concentration for eight weeks. Fish specimens were sampled for hematological and biochemical 

analysis at 2, 6 and 8 week’s duration exposure. Significant changes and dose dependent 

decreases in red blood cell, pack cell volume, hemoglobin values were observed in Propanil 

exposed fish compared to the control. Progressive increase in white blood cell count and 

leukocyte differentials (neutrophils and lymphocytes) were found in Propanil exposed fish 

compared to the control. Significant increases in biochemical parameters (glucose, protein, 

triglycerides, glutamic oxalo-acetic transminase and glutamate pyruvate transaminase) were 

observed in Propanil exposed fish groups compared to the control. However, cholesterol levels 

decreased significantly except for 8th week Propanil duration exposure. Findings of the present 

study revealed that Propanil adversely affected fish health. 
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1. INTRODUCTION 

 

Propanil (dichloropropionamide) is a known common herbicide, widely used in agriculture, agro-forestry 

and domestic homes to control unwanted plants [1,2].  It is mainly used in rice farms to control weeds. 

However, due to its accessibility in various forms, individuals including farmers indiscriminately apply 

this herbicide in farm lands and other facilities without recourse to its adverse impact on the immediate 

environment and aquatic health by extension. Presence of propanil in aquatic ecosystem and fish although 

in trace amount has been reported [3]. Propanil have been reported to be metabolized by mammals [4] and 

Salmo gairdneri [5]. Toxicity of Propanil have been reported in mammals [6-7] and fish [8-10].  Sancho 

[11] observed lethary and erratic movement in European eel (Anguilla Anguilla) after two day exposure to 

Propanil. Mallum [12] observed hyperactivity, nervousness and mortality in O. niloticus after 96h 

exposure to Propanil. Swollen abdomen, poor swimming, loss of balance, hypoxia and visible bloodlines 

around the eyes and pectoral fins have been reported in O. niloticus after 96h  exposure to Propanil [13,9]. 

Convulsion, erratic swimming and hyperactivity were also reported in Clarias gariepinus after acute 

exposure to Propanil [10]. 

http://dergipark.gov.tr/gujs
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Villarroel [14] reported reduced reproduction, declined feeding rate and poor growth in Daphnia magna 

exposed to sublethal doses of Propanil. Presence of toxic substances in aquatic environment can be 

detected using fish as bioindicators owning to the fact that these substances bioaccumulate in them for a 

prolonged period of time [15]. Hematology as well as biochemical parameters are important biomarkers 

for assessing the health status of animals [16,17]. Negative health conditions such as disease, 

physiological and metabolic dysfunctions including stress can be assessed via hematological and 

biochemical indices [2]. The present study seeks to investigate sublethal toxicity effect of herbicide 

Propanil   in O. niloticus juvenile using hematological and biochemical parameters as tool for the 

assessment. 

2. EXPERIMENTAL  

2.1.  Ethics  Committee Consideration  

Approval was given to authors by the University research ethics committee on her 40th regular meeting on 

the 15th February 2018, after critical review on the methodology used for the research which is in line with 

the Nigeria animal right act. 1978. The reference number of the research study is ABU/SEN/EC/18/VOL. 

10/03. 

2.2. Experimental Animal and Experimental Chemical 

 

Nile tilapia O. niloticus is one the commercial species, hardy and highly relished by Nigerians. Juveniles 

of O. niloticus of mixed sexes and fairly uniform size were obtained from Bagauda fish farm in Kano, 

Kano State and transported in water filled (50 Litres) plastic containers to the laboratory in the 

Department of Biological Sciences, Ahmadu Bello University, Zaria Kaduna State Nigeria. In the 

laboratory, the water from the farm was gradually replaced with dechlorinated tap water and acclimatized 

in plastic pond (500 Litres) for two weeks. Aeration was provided to all tanks round the clock in order to 

maintain dissolved oxygen contents. During the time of acclimatization, the fish were fed with 

commercial feed (4mm Coppens, Netherland) containing 45 % protein two times daily (9.00hr and 18.00 

hr). Feeding stopped 24 hours prior to the commencement of the experiment. Propanil 

(dichloropropionamide) purchased from Comfort agrochemicals Nigeria Limited, was dissolved in 

distilled water (80mg L) to formulate a stock solution that was used in the study. Different sub-lethal 

concentrations of Propanil were prepared from the stock solution, using distilled water. Stock solution 

was prepared fresh each time the concentrations were renewed. 

 

2.3. Determination of Sub-lethal Concentrations 

 Sub-lethal concentration ranges (0.22 mg/l, 0.44 mg/l and 0.87 mg/l) used in the current study were 

derived from, 1/5, 1/10, 1/20 of the 96h LC50 (4.37 mg/l) of Propanil to O. niloticus. Measurements for the 

toxicity test were done following the procedure of Spragne [18].  

2.4 Experimental Design  

 

Twelve (12) glass aquaria tanks (30.5cm × 30.5cm × 46.25 cm) were cleaned and setup for the 

experiment. Each tank contained 20 litres of dechlorinated water. Total of one hundred and twenty (120) 

juveniles of Oreochromis niloticus (24±0.52g and 9.1±0.68cm) were randomly selected assigned to four 

varying sublethal concentrations of Propanil; 0.00 mg/l (as control), 0.22 mg/l, 0.44 mg/l and 0.87 mg/l as 

treatments. Each treatment was triplicated in a completely randomized design (CRD). Each replicate tank 

contained ten fish. The experiment lasted for eight weeks and was done under natural photoperiod (12:12 

light-dark cycle).   
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Water quality of the test media were monitored and sampled daily while remnants of the unconsumed 

feed and the excreta were also siphoned. The exposed solution was renewed every 48 hours and nominal 

concentrations of Propanil replaced. The fish were fed twice daily (8:00h – 16:00 h) at 3% body weight 

with commercial fish feed containing 45% crude protein. Water quality parameters such as temperature, 

pH, and dissolved oxygen were monitored and estimated, following the procedure of APHA [19], and the 

means for the respective parameters  are reported as follows; 29.15±0.12°C, 6.01-6.87  and 

5.78±0.14mg/L-1. The treated fish were sampled in weeks 2, 6 and 8 to ascertain the toxic effect of 

Propanil on the fish. 

2.5 Hematological Studies  

2.5.1. Blood Sampling  

 

Three fish per replicate were sampled at 2nd, 6th and 8th week intervals for blood collection and were never 

returned to the respective test mediums. Collection of blood from fish specimens was done following the 

procedure of Blaxhall and Daisely [20]. Fish specimens were anaesthetized using tricaine 

methanesulphonate (MS 222) to ensure easy collection of blood. Blood was collected by severance of 

caudal peduncle from the caudal artery. The caudal region was cut 2cm away and blood then collected 

with EDTA plastic tube [17]. Blood specimens were transferred to the laboratory unit, Ahmadu Bello 

University (ABU) Teaching Hospital for hematological analysis.  

 

2.5.2. Total Erythrocyte Count (Red blood cell) 

 

Hendricks solution was used for the erythrocyte count. Neubauer’s chamber haemocytometer was 

prepared and blood drawn just beyond 0.5 mark of the haemoglobin pipette wiped with cotton wool to 

adjust the volume to exactly 0.5 mark. The pipette was filled to 101 mark with the diluting fluid and 

shaken for 30 minutes to ensure mixing. The diluted suspension of cells then drawn into the chamber. The 

haemocytometer was placed under the microscope and the cells within the boundaries of five small 

squares of the haemocytometer were counted with 4mm objectives and x 40 eyepiece microscope. The 

number of cells was multiplied by x 10 and this gave the total number of cells per cubic millimeter (mm3) 

of blood [21]. 

2.5.3. Total Leucocytes Count (White blood cell) 

 

Leucocytes were counted using Shaw’s solutions A and B. The blood was drawn up to the 0.5 mark on 

the stem of a white cell pipette. Solution A was drawn to shaken the bulb of the pipette half way and then 

filled to 101 mark with solution B. A few drops were dispensed into the haemocytometer. The cells in the 

four large squares of the chamber were counted using a 4mm objective lens at 40 × magnification. The 

number of cells was multiplied 10 × to obtain the total number of leucocytes per cubic millimeter (mm3) 

of blood [21]. 

2.5.4. Haematocrit (packed cells volume) 

 

Determination of packed cells volume was carried out by micro-westegren method as described by 

Blaxhall and Daisely [20]. The well mixed sampled blood from the severance of caudal peduncle was 

drawn into micro-haematocrit tube, 75mm3 long, and 1.1-1.2 mm3 internal diameter. The tubes were then 
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centrifuged for five minutes. The reading was made with the aid of a micro- haematocrit reader and 

expressed as the volume of the erythrocytes per 100 cm3. 

2.5.5. Red Cell Indices 
 

The absolute values made up of mean corpuscular haemoglobin concentration (MCHC), mean 

corpuscular haemoglobin (MCH) and mean corpuscular volume (MCV) were calculated from the results 

of RBC, haemoglobin and PCV/(Ht) [22,23].  
 

                 MCV (µm3)       =                       Ht % × 10                                                                                              (1)                               

                       RBC (cells mm3) 

 

  

                 MCH (pg.Cell-1) =                Hb (g/100ml)  ×  10                                                                                   (2) 

                       RBC (cells mm3) 

 

                  MCHC (g/100ml) =             Hb (g/100ml) × 100                                                                                    (3) 

                       Ht% 

 

 2.5.6. Leukocyte Differential Count 

 

Two drops of blood were placed on a slide and made into a thin smear with another slide and left to dry. 

The smear was fixed with absolute methanol, then stained with giemsa’s stain and rinsed in buffered 

distilled water. It was allowed to stand for 20-30 minutes after which the slide was washed again with 

buffered distilled water and allowed to air dried. Counting was made by the use of microscope. 

2.6.   Biochemical Parameters 

2.6.1. Blood and Serum Collection  

 

Collection of blood for biochemical examination was done following the same procedure for hematology 

and blood was collected in 3ml non-heparinized tubes. Blood samples were immediately taken to ABU 

Teaching Hospital (Chemical and Pathology Department) for serum extraction and analysis. To obtain the 

serum, the blood was placed in micro centrifuge tubes, and immediately centrifuged at 1500 rpm for 10 

minutes. Serum was then removed by pipetting and stored at 40C prior to immediate determination of 

biochemical parameters. Glucose, total protein (TP), glutamic oxalo-acetic transminase (GOT), glutamate 

pyruvate transaminase (GPT), triglycerides (TG) and cholesterol levels were measured with an automatic 

biochemical analyzer (Olympus AU 400 biochemical analyzer, Tokyo Japan). Procedure for the analysis 

was done following the manufacturer’s instructions. 

 

2.7. Statistical Analysis 

Data obtained from hematology and biochemical analysis  were subjected to statistical analysis  using 

statistical package for social sciences,  one-way analysis of variance (ANOVA),, version 22.Results were 

presented as mean ± SE. Test for significant difference between treatment groups were done using Ducan 

multiple range test (DMRT) and significance declared at 5%. 
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3. RESULT AND DISCUSSION 

3.1. Hematology 

Hematological profiles of O. niloticus exposed to sub-lethal concentrations of Propanil at week 2 are 

presented in (Table 1). Fish exposed to sublethal concentrations recorded a significant (p<0.05) and dose 

dependent reduction in red blood cell (RBC), Hemoglobin content (Hb) and Pack cell volume (PCV) 

compared to the control fish. However, WBC of the exposed fish groups increased significantly (p<0.05) 

and also dose dependent compared to the control fish. MCV value of the control fish was not significantly 

different (p>0.05) from l the exposed fish groups, but significantly lower (p<0.05) than fish groups. MCH 

and MCHC values of the control were not significantly different (p>0.05) from the exposed fish (Table 

1).  

At 6 weeks exposure, RBC, Hb and PCV values of the control group were significantly higher (p<0.05) 

than those fish exposed to >0.44mg/L concentrations but not significantly different when compared with   

0.22mg/L exposed fish.  Propanil exposed fish groups had higher WBC values significantly (p<0.05) and 

dose dependent than the control group. However, MCV, MCH, and MCHC values of the control fish 

were not significantly different (p>0.05) from the exposed fish groups (Table 1).  

At week 8 exposure period, RBC values recorded in the exposed fish groups were significantly lower 

(p<0.05) and also dose dependent compared to the control fish (Table 1). WBC of Propanil treated fish 

groups (0.44 and 0.87 mg/l) were observed to be significantly higher (p<0.05) than the control and 0.22 

mg/l treated fish.. Hb of fish exposed to > 0.44mg/L were significantly lower (p<0.05) compared to 0.22 

mg/l exposed fish and the control group.. PCV values of 0.87 mg/l exposed fish was observed to be 

significant lower (p<0.05) compared to other Propanil treated groups (0.22 and 0.44 mg/l) and the control 

fish.. 0.44mg/l exposed fish had significantly increased (p<0.05)   MCV values than other treated fish 

groups and the control. MCH and MCHC of control fish recorded were not significantly different 

(p>0.05) from the exposed fish groups (Table 1). 

 

3.2. Leukocyte Differentials 

Leukocyte differential counts of O. niloticus exposed to sub-lethal concentrations of Propanil in static 

bioassay at week 2, 6 and 8 are presented in Table 2. No significant difference (p>0.05) was observed in 

propanil treated fish when compared to the control in terms of neutrophils percentage. . Lymphocytes of 

the exposed fish were significantly higher (p<0.05) compared to the control group. Basophils, eosinophils 

and monocytes were not observed in the blood of fish (Table 2).  At the 6 week exposure, highest 

neutrophils percentage value was observed in 0.87 mg/L Propanil compared to other treated groups and 

the control fish but not significant (p>0.05). Lymphocytes percentage of the exposed fish recorded were 

higher significantly (p<0.05), when compared to the control. Basophils, eosinophils and monocytes were 

not observed.  
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Table 1. Hematological data of O. niloticus juvenile exposed to sublethal doses of herbicide Propanil at week 2, 6 and 8 in static bioassay. Means 

with the same superscript along columns are not significantly different (p>0.05), (Mean values ±SE), n=3  

 Conc. 

(mg/l) 

RBC (x1012L) WBC (x109L) Hb (g/100ml) PCV (%) MCV (x106Pg 

cell) 

MCH 

(x106pg cell) 

MCHC 

(g/100mg) 

2 weeks 0.00 2.10 + 5.78a 28.33 +3.33d 8.67 + 0.67a  23.67 + 1.76a  1.13 + 0.09ab 0.43 + 0.03a  36.63 + 0.97a  

 0.22 1.70. + 2.89b 31.33 + 1.86c  7.67 + 0.67ab 22.67 + 0.67ab 1.37 + 0.07a  0.43 + 0.03a  33.70 + 1.90a 

 0.44 1.53+ 2.03c  49.33 + 1.77b 6.00 + 0.58bc  18.67 + 1.20b  1.23 + 0.09a  0.43 + 0.03a  32.77 + 5.03a  

 0.87  1.33 + 2.85d  50.67 + 2.73a  4.67 + 0.33c  12.67 + 1.20c  0.97 + 0.07b  0.37 + 0.09a  35.53 + 2.23a  

         

6 weeks 0.00 3.33 + 6.57a  26.00 ± 11.16c  14.00±1.15a 36.00±4.16a 1.33±0.18a 0.50 ±0.06a 39.29 + 1.86a 

 0.22 2.63 + 4.41a  38.30 ± 18.27bc 12.00 + 0.58a 35.00 + 1.15a 1.33±0.03a 0.43 + 0.03a 34.23 + 0.52a 

 0.44 2.03 + 8.82b  55.70 ± 7.69ab  7.33 ±1.45b 20.67±1.86b 1.20±0.26a 0.37 + 0.09a 30.83 + 0.73a 

 0.87  1.13 + 6.01c  65.70 ± 11.46a  6.00  ±1.15b 18.33 +  1.76b 1.80 + 0.17a 0.57 + 0.15a 33.63 + 10.82a 

         

8 weeks 0.00 3.41 + 7.69a  57.30 + 6.49c  11.67 + 1.20a  29.67 + 1.76a  0.87 + 0.03b 0.33 + 0.33a 39.10  + 1.67a 

 0.22 3.10 + 6.33b 57.23 + 6.01c 10.67 + 1.20a  26.67 + 2.91a  0.90 + 0.12b 0.33 + 0.03a  41.90 + 9.11a  

 0.44 1.63 + 6.01c  60.27 + 7.13b 6.67 + 1.20b  24.67 + 0.67a  1.50 + 0.00a  0.40 + 0.06a  26.80 + 4.08a  

 0.87  1.58 + 3.33c 78.13 + 1.53a  3.67 + 1.20b  14.67 + 1.76b 0.93 + 0.09b  0.23 + 0.09a  23.80 + 4.94a  

Red blood cell = RBC, White blood cell = WBC, Haemoglobin = Hb, Pack cell volume = PCV, Mean cell volume = MCV, Mean cell 

haemoglobin = MCH, Mean cell haemoglobin concentration = MCHC.
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Furthermore, neutrophils values recorded in 0.87 mg/l exposed fish was significantly higher (p<0.05)   

than other treated fish groups and the control fish. (Table 2). Highest lymphocyte percentage value 

(p<0.05)   was seen in0.22 mg/l treated fish when compared to other treated groups and the control. 

Basophils, eosinophils and monocytes were not traced.  

 

Table 2.  Leukocyte differentials of O. niloticus exposed to sublethal doses of herbicide Propanil at week 

2, 6 and 8 in static bioassay. Means with the same superscript along columns are not significantly 

different (p>0.05) (Mean values ± SE), n=3 

 Conc. 

(mg/l) 

Neutrophils (%) Lymphocytes (%) Basophils (%) Eosinophils (%) Monocytes 

(%) 

2 

weeks 
0.00  33.33 + 1.76ab 61.33 + 12.45b 0.00  0.00  0.00  

 0.22 28.33 + 0.88b 92.00 + 2.08a 0.00  0.00  0.00  

 0.44 34.33 + 2.33ab 83.67 + 5.49a  0.00  0.00  0.00  

 0.87 36.67 + 3.53a  81.00 + 8.62a  0.00  0.00  0.00  

       

6 

weeks 

0.00  28.33 + 1.76ab  56.33 + 12.45b 0.00  0.00  0.00  

 0.22 23.33 + 0.88b  87.00 + 2.08a  0.00  0.00  0.00  

 0.44 29.33 + 2.33ab 78.67 + 5.49a 0.00  0.00  0.00  

 0.87 31.67 + 3.52a  76.00 + 8.62a 0.00  0.00  0.00  

       

8 

weeks 

0.00  36.33 + 1.76bc  64.33 + 12.45b  0.00  0.00  0.00  

 0.22 31.33 + 0.88c  95.00 + 2.08a  0.00  0.00  0.00  

 0.44 39.67 + 0.88b 85.33 + 4.63ab 0.00  0.00  0.00  

 0.87 46.00 + 2.65a  69.33 + 6.74b  0.00  0.00  0.00  

  

 

3.3 Biochemical Response 

 

Fish after exposure to sublethal doses of Propanil at week 2 recorded insignificant changes in glucose 

levels compared to the control. Significant changes (p<0.05)   was seen at week 6 and 8 with highest 

glucose level seen in 0.87 mg/l exposed group when compared to the control (Figure 1).Significant and 

dose dependent increases in protein levels were observed in both 0.87 mg/l and 0.44 mg/l treated groups 

compared to the control at week 2. Protein level in the control group was seen to be significantly lower 

(p<0.05)   compared to Propanil exposed fish groups at week 6 while at week 8, highest value for protein 
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was observed in 0.87mg/l treated fish followed by 0.44 mg/l and 0.22 mg/l exposed fish (Figure 1). GOT 

levels increased progressively and were observed to be dose dependent with consequential increase in 

duration exposure. GPT values  significantly increased (p<0.05)   in 0.87 mg/l exposed fish followed by 

0.44 mg/l treated fish with reference to the control at week 2 and 6, while no significant changes (p<0.05)   

observed in GPT among Propanil treated groups compared to the control at week 8 (Figure 1).  

 

Triglyceride values increased significantly in 0.87 mg/l exposed fish compared to other treated groups 

and the control in both week 2, 6 and 8 respectively (Figure 2). Significant decreases in cholesterol levels 

were observed in 0.44 mg/l exposed fish with reference to the control at week 6 while at week 2 and 6, 

cholesterol level of 0.87 mg/l exposed fish decreased significantly (p<0.05)   when compared to the 

control. Insignificant changes in cholesterol level were observed among Propanil treated fish compared to 

the control group at week 8 (Figure 2). 

 

Findings of the present study revealed that prolonged exposure to herbicide Propanil caused significant 

reduction in RBC, PCV and Hb content in exposed fish groups (Table 1). The reduction in the values of 

RBC may suggest impairment in erythrocyte production caused by toxic effect of herbicide Propanil.  

Inhibition in   Hb and PCV levels of the exposed fish could also be as a result of toxic effects of Propanil 

which interrupted the synthetic pathway by distressing the enzymes involved in haemoglobin synthesis. 

Mallum [12] reported significant reduction in RBC, PCV and Hb values in O. niloticus juvenile exposed 

to acute doses of Propanil. Similar findings were reported by Sancho [11] in European eel (Anguilla 

anguilla). Moraes [24] also reported the toxicity of Propanil in Leporinus obtusidens after 90 days 

exposure. Several authors have reported similar findings in other various fish species exposed to 

herbicides [1,2,25]. Oppositely, progressive significant increases in WBC values were seen in Propanil 

exposed fish with reference to the control, irrespective of duration exposure. The increase in WBC counts 

suggests the incidence of leucocytosis, a condition where more WBC is released in the blood system for 

adaptive immune response to Propanil. Leucocytosis in O. niloticus was reported after 96h propanil 

exposure [12]. Nwani [26] reported significant increase in WBC count in C. gariepinus exposed to sub 

lethal concentrations of pesticide Fenthion and attributed it to adaptive immune response to Fenthion 

toxicity. Significant increase in WBC values has been in O. niloticus exposed to pesticide Malathion [27].  

Red cell indices (MCV, MCH and MCHC) are important indicators of anaemic conditions [17], providing 

useful information regarding the type of anaemia found in animals [28].  Insignificant changes in MCH 

and MCHC values observed in Propanil exposed groups with reference to the control suggest 

normochromic anaemia while the significant elevation in MCV values of 0.44 mg/l exposed fish at week 

8 indicate  macrocytic anaemia which probably was  induced by Propanil toxicant. Similar findings were 

reported in different fish species exposed to various herbicides [29-30]. 
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Figure 1.  Biochemical response (glucose, protein, GOT and GPT) in O. niloticus exposed to sub-lethal concentrations of Propanil in a static 

bioassay. Different letters indicate significant difference (p>0.05) in mean values of different concentrations and control. Error bars denote SE. 
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Figure 2. Biochemical responses (Triglyceride and Cholestrol) in O. niloticus exposed to sublethal concentrations of Propanil in a static bioassay 

for 2, 6 and 8 weeks. Different letters indicate significant difference (p>0.05) in mean values of different concentrations and control. Error bars 

denote SE. 
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Leukocyte differentials have been reported to be sensitive markers of stress and provide information on the 

immune status of organisms [31]. Leukocyte differentials are also known as cells of innate immune 

responses which are myeloid in nature and comprised of mononuclear (monocytes) and polymorpho-

nuclear (neutrophils, Eosinophils, Basophils and lymphocytes) phagocytes [32]. They are responsible for 

identifying foreign bodies within the system of an organism and get rid of them by the process known as 

phagocysis [32].  Increases in lymphocyte and neutrophli counts in Propanil exposed fish especially at 

week 8 suggest possible immune defence against the stress induced by herbicide Propanil (Table 2). 

Several authors reported similar findings in other fishes and attributed it to stress induced by pesticides [14, 

26,33,34,35].  Basophils, monocytes and eosinophils were not observed in Propanil treated fish. This 

suggests reduction in concentration of cell types. Difficulty in the preservation of basophils may be the 

reason why basophils are difficult to identify in fish blood [37]. Absence of basophils, Eosinophils and 

granulocytes were reported in Hopliias malabarcus captured from the wild [36]. Similar observation was 

reported in C. gariepinus juvenile exposed to pesticide fenthion [26].  

 

Elevation in glucose levels of the exposed fish with reference to the control may be as a result of chronic 

stress caused by prolonged exposure to Propanil. Stress condition is accompanied by the stimulation of 

plasma cortisol whose role is to maintain allostasis and initiate response to stress by way of regulation [38]. 

Canli [39] in his findings revealed that glucose levels in fish under environmental stress might be minimal 

as a consequence of superfluous energy demand in the metabolism which   may probably reflect elevated 

levels of glucose in the serum. On the contrary, Ogueji [15] reported significant decrease in glucose level in 

C. gariepinus exposed to diazepam. Similar trend were observed for serum protein in Propanil treated fish 

compared to the control. Increases in serum protein, GOT and GPT levels may suggest liver damage, loss 

of protein and reduced absorption [40].  

 

Contrary to the findings of the present study, Nwani [2] reported significant reduction in protein levels in 

pesticide paraquat exposed fish and suggested that the reduction could be linked to liver and kidney 

damage caused by paraquat induced stress. GOT and GPT (also known as Aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) are liver function enzymes also known as biomarkers for 

assessing health status of the liver. Increased GOT and GPT activities in propanil treated fish with 

reference to the control indicate liver damage caused by toxic effect of Propanil. Increases in GOT and 

GPT levels were reported in pesticide metasystox treated fish (Mystus vittatus) [41] and verapamil treated 

fish (O. mykiss) [30].   Triglyceride levels are essential to assess lipid metabolism and functions chiefly in 

providing cellular energy which can be used as biomarker of nutritional status [39]. Higher levels of 

triglyceride reported in the present study indicate impairment in glycogen storage caused by Propanil 

invasion, thus leading to the release of triglyceride in the blood system. Yaji [42] reported significant 

increase in triglyceride levels of O. niloticus exposed to sub lethal concentrations of aronil herbicide.   

Cholesterol concentrations are important structural constituent of membranes and the precursor of all 

steroid hormones [36]. Dose dependent reduction in cholesterol levels observed in 0.44mg/l (week 6) and 

0.87 mg/l (week 2 and 6) exposed fish may indicate liver damage caused by Propanil toxicant. Changes in 

cholesterol levels in fish were attributed it to liver and kidney damage caused by different toxicants [15,39, 

43].  

 

 

4. CONCLUSION 

 

 Findings of the present study reveal that herbicide Propanil is toxic to fish. Following the progressive 

decreases in RBC, Hb and PCV values in Propanil exposed fish with reference to the control. Leucocytosis 

and alterations in biochemical parameters observed in Propanil treated fish denote liver damage and stress 

elicited by the toxicant. Caution should be applied during the application of Propanil on agricultural lands. 

Also, use of herbicide Propanil   should be controlled especially around riverside to avoid exposure to 

aquatic ecosystems. 

 

 

 

 



1059 Abubakar YAJI, Stanley IHEANACHO, Emaanuel OGUEJI/ GU J Sci, 31(4): 1048-1062 (2018) 

 

 

ACKNOWLEDGEMENT 

We appreciate with thanks the inputs of Mr Angus Iheanacho and Mrs Oluchi Iheanacho, during data 

collection and analysis. 

CONFLICT OF INTEREST 

No conflict of interest was declared by the authors. 

 

REFERENCES 

 

[1] Okayi, R.G., Tachia, M.U., Ataguba, G.M., DiKwahal, S.H., “Toxicity of herbicide propanil on 

Oreochromis niloticus fingerlings”, Journal of  Fisheries and  Aquatic Sciences, 8: 233 237, 

(2013). 

 

[2] Nwani, C.D., Ekwueme, H.I., Ejere, V.C., Onyeke, C.I., Chukwuka, C.O., Somdare, P.O., 

Nwadinigwe, A.O., “Physiological effects of paraquat in Juvenile African catfish Clarias 

gariepinus (Burchell, 1882)”, Journal of  Coastal  Life Medicine, 3(1):35-43. http:// doi.org 

10.12980/JCLM.3.2015JCLM-2014-0113, (2015).  

 

[3] Call, J.D., Brooke, L.T., Kent, R.J., Knuth, M.L., Anderson, C., “Moriarity C.Toxicity, 

bioconcentration and metabolism of the herbicide Propanil (3, 4 dichloropropionanilide) in 

Freshwater Fish. Archive in Environmental Contamination  Toxicology”, 12, 175-182, (1983). 

 

[4] Haghbin,S., Zareifar, S., Mohammadi, M.H., “ Propanil poisoning and toxin-induced 

methaemoglubinemia”, Shiraz E-Medical Journal, 10(1):37-41. (2009). 

  

[5] Chow, A.Y.K., Murphy, S.D., “Propanil (3,4-dichloropropionanilide)-induced methemoglobin       

formation in  relation to its metabolism in vitro”. Toxicology and Applied Pharmacology”, 

33:14–20, (1975). 

 

[6] Ambrose, A.M., Larson, P.S., Borzelleca, J.F., Hennigar, G.R.J., “Toxicologic studies on 3′,4′-

dichloropropionanilide”. Toxicology and  Applied  Pharmacolog,, 23, 650.(1972). 

 

[7] Chand, N., “ Acute toxicity of 3′,4′-dichloropropionanilide in rats”. Indian Veterinary  Journal,  

50,  1122, (1973). 

 

[8] McCorkle, F.M., Chambers, J.E., Yarbrough, J.D.,  “Acute toxicities of selected herbicides to     

fingerling channel catfish ,Ictalurus punctatus”. Bulletin of   Environmental Contamination  

Toxicology”, 18, 267, (1977). 

 

[9] Oyibo-Usman, K.A., Oladimeji, A.A., Olayemi, I.K., Omalu, I.C.J., Dangana, M.C., Auta, Y.I., 

Eke, S.S., “Acute toxicity of Propanil to the juvenile of Nile Tilapia (O. niloticus)”, International 

Journal of Applied Biological Resources, 6 (2): 71-79, (2014). 

 

[10] Okoh, F., Akpu, A., “Behavioral responses of African Freshwater Fish Clarias gariepinus to 

different concentrations of a commercial herbicide  Orizoplus (Propanil /2,4-p)”, Journal of  

Biology and  Agriculture  Healthcare, 5(8):59-63, (2015). 

 

[11] Sancho, E., Fernandez-vega, C., Andrew, E., Ferrando, E., “Effect of propanil on European eel 

Anguilla anguilla and post-exposure recovery using selected biomarkers as effect criteria”, 

Ecotoxicology and  Environmental  Safety, 72: 704-713, (2009). 



1060 Abubakar YAJI, Stanley IHEANACHO, Emaanuel OGUEJI/ GU J Sci, 31(4): 1048-1062 (2018) 

 

 

[12] Mallum, S.S., Sogbesan, O.A., Haruna, A.B., “Haematological assessment of Oreochromis 

niloticus (Linn, 1787) exposed to acute toxicity of the herbicide Propanil”, International  Journal 

of   Research and  Life Science, 2(10: 49-56, (2015). 

 

[13] Omoriegie, E., Ufodike, E.B.C., “Toxicity of 2, 4-Dichlorophenoxyacetic acid on African mud 

fish Clarias gariepinus (Teugals)”, Agriculture  Journal,  6 (4): 177-180,(2011). 

 

[14] Villarroe, M.J., Sancho, E., Ferrando, M.D., Andrey, E., “Acute, chronic and sublethal effects of 

the herbicide Propanil on Daphnia magna”, Chemosphere, 53(8):857-864, (2003).  

 

[15] Ogueji, E.O., Iheanacho, S.C., Nwani, C.D., Mbah, C.E., Okeke, O.C., Ibrahim, B.U., “ Toxicity 

of diazepam on lipid peroxidation, biochemical and oxidative stress indicators on liver and gill 

tissues of African catfish Clarias gariepinus (Burchell, 1822)”, International Journal of Fisheries 

and   Aquatic Studies, 5(3): 114-123, (2017). 

 

[16] Iheanacho, S.C., Ikwo, T.N., Igweze, N., Chukwuidha, C., Ogueji, E.O., Onyeneke, R.,  “Effect 

of different dietary inclusion levels of melon seed (Citrullus lanatus) peel on growth, 

haematology and histology of Oroechromis niloticus juvenile”, Turkish  Journal of Fisheries and 

Aquatic Science, 18(3): 377-384, http:// doi.org 10.4194/1303-2712-v18_3_03, (2018). 

 

[17] Iheanacho, S.C., Ogbu, M., Ude, E., Ayotunde, I., Ogueji, E.,  “Growth, Hematology and 

Immuno-Modulatory Potential of Ginger (Zingiber officinale) Supplemented Diets in Clarias 

gariepinus Juvenile (Burchell, 1822)”, Aquaculture Studies, 18, 41-49. 

http://doi.org/10.4194/2618-6381-v18_1_05, (2018). 

 

[18] Spragne, J.B., “Measurement of  pollution toxicity to fish: In: Bioassy methods for acute 

toxicity”, Water Resources, 3: 125-127,(1975). 

 

[19] APHA (American Public Health Association).  Standard methods for the examination of water 

and waste water 21st, 401 Edn. American Public Health Association, American Water Works 

Association and Water Environmental Federation, Washington (DC), (2005) 

 

[20] Blaxhall, P.C., Daisley, K.W., “Routine haematological methods for use with fish blood.”, 

Fish Biology, 5: 771-781, (1973). 

 

[21] Hesser, E.F., “Method for routine fish haematology prog”,  Fish culture, 22: 164-171, (1960). 

 

[22] Dacie, J.V., Lewis, S.M., “Practical hematology”. 11th edition, New York: Churchill 

Livingstone, pp 41, (2011). 

 

[23] Iheanacho, S., Ogueji, E., Yaji, A., Dada, O., Mbah, C., Ifejimalu, A., Ibrahim, B.U. Effects of 

herbal plants (Zingiber officinale and Hibiscus sabdariffa) as dietary additives on serum 

biochemistry and some metabolites in Clarias gariepinus (Burchell, 1822). J. Coast. Life Med., 

5(12): 516-520, https://doi.org/10.12980/jclm.5.2017.167, (2017). 

 

[24] Moraes, B.S., Loro, V.L., Pretto, A., Fonseca, M.B., Menezes, C., Merchesan, E., Reimche, G.B, 

De   Anila, L.A., “Toxicological and metabolic parameters of the teleost fish (Leporinus 

obtusidens) in response to commercial herbicides containing clomazone and Propanil”, Pesticide 

Biochemistry and Physiology, 95 (2):52-62, (2009). 

 

[25] Tilak, K.S.,  Veeraiah, K., Butchiram, M.S., “ Effect of phenol on hematological components of 

Indian major carps Catla catla, Labeo rohita, and Cirrhinus mirgala”. Journal Environmental 

Biology, 28:177–179, (2007). 

 

http://doi.org/10.4194/2618-6381-v18_1_05
https://doi.org/10.12980/jclm.5.2017.167


1061 Abubakar YAJI, Stanley IHEANACHO, Emaanuel OGUEJI/ GU J Sci, 31(4): 1048-1062 (2018) 

 

[26] Nwani, C.D, Somdare P.O, Ukonze, J.A, Ejere, V.C, Nwadinigwe, A.O, Nwani, J.C, Odo, G.E,  

Ugbor, O.N.,  “Subchronic exposure to fenthion induces haematological changes in liver tissue of 

African catfish Clarias gariepinus”, Journal of  Aquatic Animal Health, 28 (4): 229-234. 

http://dx.doi.org/10.1030108997659.2016.1194907, (2016). 

 

[27] Khalid, A.A.,  “Acute toxicity and effects of sublethal malathion exposure on biochemical and 

hematological parameters of Oreochromis niloticus”. Scientific Research  Essays, 7:1674–1680, 

(2012). 

 

[28] Eldibary, M.M., Totonchi, K.F., Joseph, N.J., Rhone, D., “Usefulness of certain red blood cell 

indices in diagonising and differentiating Thalassemia trait from Iron-deficiency anaemia”. 

American  Journal of  Clinical Pathology., 111:676-682, (1999). 

 

[29] Zhang, X Z,  Xie P,  Wang, WM,  Li DP, Shi ZC., “Plasma biochemical responses of the 

omnivorous Crucian Carp (Carassius auratus) to crude cyanobacterial extracts. Fish Physiology 

and  Biochemistry, 34:323–329, (2008). 

 

[30] Li, ZH, Zlabek, V., Velisek, J, Grabic, R, Machova, J, Kolarova, J., “Acute toxicity of 

carbamazepine to juvenile rainbow trout (Oncorhynchus mykiss): effects on antioxidant 

responses, hematological parameters and hepatic EROD”, Ecotoxicology and Environmental   

Safet, 74: 319-327, (2011). 

 

[31] Cole, M.B., Arnold, D.E., Watten, B.J., Krise, W.F.,  “Hematological and physiological 

responses of brook charr, to untreated and limestone neutralized acid mine drainage”. Journal of 

Fish Biology,  59:79–91, (2001). 

 

[32] Jeney, G.,  “Fish diseases ; Prevention and Control Strategie”s. Academic press, London wall, 

8p, (2017). 

 

[33] El-Sayed, Y.S, Saad, T.T., El-Bahr, S.M., “Acute intoxication of deltamethrin in monosex Nile 

tilapia, Oreochromis niloticus with special reference to the clinical, biochemical and 

haematological effects.”, Environmental Toxicology  and Pharmacology, 24: 212-217, (2007). 

 

[34] Saravanan, M., Kumar, K.P., Ramesh, M., “ Haematological and biochemical responses of 

freshwater teleost fish Cyprinus carpio (Actinopterygii: Cypriniformes) during acute and chronic 

sublethal exposure to lindane”. Pesticides Biochemistry and  Physiology,  100: 206-211, (2011). 

 

[35] Ogueji, E.O., Nwani, C.D., Iheanacho, S.C, Mbah, C.E., Okeke, C.O., Yaji, A., “Acute toxicity 

effects of ibuprofen on behaviour and haematological parameters of African catfish Clarias 

gariepinus (Burchell, 1822)”, African Journal of Aquatic Science, 43(3): 293-303, 

http://dx.doi.org/10.2989/16085914.2018.1465393,  (2018) 

 

[36] Ranzani-Paiva, M.J.T., “Celulas do sangue periferico e contagem diferencial de leucocitos de 

tainha Mugil platanus, Gunther, 1880 (Osteichtyes, Mugilidae) da regiao estuarinalagunar de 

Cananeia SP (Lat. 25 00’S- Long 47 55W)”, Boletin Instituto de Pesca, 22 (1): 23-40, (1995). 

 

[37] Romao, S., Donatti, L., Freitas, O.M., Teixeeira, J., Kusma, J., “Blood parameter analysis and 

alterations as biomarkers on the health of Geophagus brasiliensis”, Brazilian Archive on  

Biological Technology, 49(3): 344-347, (2006). 

 

[38] Galhardo, L., Oliveira, R.F., “Psychological stress and welfare in fish. Annual  Reviews  in 

Biomedical  Sciences, 11:1-20, (2009). 

 

[39] Canli, M.,  “Effects of mercury, chromium, and nickel on glycogen reserves and protein levels in 

tissues of Cyprinus carpio”, Turkish  Journal of  Zoology, 20:161–168, (1996). 

http://dx.doi.org/10.1030108997659.2016.1194907
http://dx.doi.org/10.2989/16085914.2018.1465393


1062 Abubakar YAJI, Stanley IHEANACHO, Emaanuel OGUEJI/ GU J Sci, 31(4): 1048-1062 (2018) 

 

 

[40] Oner, M.A, Atli, G, Canli, M., “Changes in serum biochemical parameters of fresh water fish 

Oreochromis niloticus following prolonged metal (Ag, Cd, Cr, Cu, Zn) exposures”, 

Environmental Toxicology and Chemistry, 27(2): 360-366, (2008). 

 

[41] John, P.J., “Alterations of certain blood parameters of freshwater teleost Mystus vittatus after 

chronic exposure to Metasystox and Sevin”, Fish Physiology and Biochemistry, 33: 15-20, 

(2007). 

 

[42] Yaji, A.J., Iheanacho, S.C., Ogueji, E.O., “ Haematology and biochemical responses in 

Oreochromis niloticus exposed to sub-acute doses of Aronil in a flow through bioassay” Egyptian 

Journal of Aquatic Biology and Fisheries, 22(3): 89-98,  

http://dx.doi.org/10.21608/ejabf.2018.8770, (2018). 

 

[43] Singh,  H.S., Reddy, T.V.,  “Effect of copper sulfate on hematology,blood chemistry, and 

hepatosomatic index of an Indian catfish, Heteropneustes fossillis (Bloch), and its recovery”, 

Ecotoxicology and  Environmental  Safety, 20:30–35, (1990). 

 

 

http://dx.doi.org/10.21608/ejabf.2018.8770

