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Abstract 

The use of agrochemicals in developing countries for the eradication of different pests/weeds has been 

on the increasing trend. This might be due to increasing human population, intensive agriculture, 

industrialization and urbanization. However, the objective of this work is to study the sub-lethal 

toxicity effects of glyphosate and propanil on some haematological changes in the freshwater fish 

Clarias gariepinus juveniles. The experiment was conducted in the laboratory for a period of 56 days. 

Juveniles fish of Clarias gariepinus of mixed sexs, males and females were randomly exposed to sub 

lethal concentrations of the two herbicides, 0.11, 0.14, 0.21 mg/L and control (0.00 mg/L) for 

glyphosate and 0.23, 0.31, 0.46 mg/L and control (0.00 mg/L) for propanil respectively. However, 

blood samples were collected for the determination of some haematological changes after 56 days. 

Assessment of haematological parameters revealed significant decreases in RBCC, HB and PCV. In 

contrast, a highly significant (p≤0.05) dose and duration dependent elevation was recorded in WBCC 

and MCH in all experimental groups compared with control exposures. There was also increased in 

lymphocytes and decreased in neutrophils counts in glyphosate and propanil exposure of C. gariepinus 

juveniles. The study has shown that the exposure of the fish C. gariepinus juveniles to the herbicides 

glyphosate and propanil can lead to alterations in the haematological parameters of both stages of the 

fish which could inflicts unfavourable physiological changes in the target organism, therefore leading 

to death of fish. Howerver, there is the need to protect fish with a view to sustaining our rich 

biodiversity in Nigerian. The study therefore, revealed that exposing C. gariepinus juveniles to 

sublethal concentrations of glyphosate and propanil causes an upset on the haematological parameters 

and implies poor environmental fitness for fish exposed to herbicides in natural environments. 

 
Keywords: Haematological parameters, glyphosate, propanil, Clarias gariepinus, Sub lethal 

concentrations, herbicides 

 

1. Introduction 

Increased in concentration of different types of pollutants are connected with the industrial 

and communal waste waters and appearance of toxic materials in water ecosystem which 

enter water bodies. More than 60% of total pesticides used in agricultural sectors are 

herbicides, which are one of the main methods for controlling noxious weeds in agricultural 

and non-agricultural lands all over the world 
[1]

. However, contamination of adjacent aquatic 

bodies as a result of wide- spread, continuous, and extensive use of pesticides particularly 

herbicides in agricultural systems has led to potential risk to a range of aquatic biota such as 

fish 
[2]

. Sparling and Fellers 
[3]

, stated that more than 90% of pesticides sprayed to kill pests 

in agricultural lands never reach these target pests but it reached non-target organisms 

sharing these environments. Because of the agricultural drainage problems, herbicides and its 

degradations entered into water body resources include fish habitations 
[4, 5]

. Pollution of the 

aquatic systems by these pesticide residues has become a major threat and a serious problem 

to living aquatic organisms mainly fish at all growth stages all over the world 
[6, 7]

. 

Herbicides are chemicals are chemicals that are used for agricultural and industrial purposes 

for the eradication of different pests/weeds. They are detrimental against humans, plants and 

aquatic organisms such as fish because of their toxicity 
[8, 9]

. Herbicides also accumulate 

largely in the soil, aquatic and biotic environments where they can easily exert their effect to 

the target organism such as fish. For example, several herbicides are recognized for causing 

renal and hepatic lesions in fish 
[10]

. 
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In Nigeria, glyphosate and propanil are among the common 

herbicides being continually applied on farmlands for high 

crop yield, the herbicide glyphosate (N-phosphonomethyl 

glycine), is a biocide with a broad-spectrum activity 

introduced for weed control in agricultural production fields 

in 1974 
[11]

. The most extensively used herbicide in Nigeria 

and worldwide is glyphosate because of its effectiveness in 

killing weeds without affecting the crop. The herbicide also 

influences plants, microorganisms, animals, and many 

components of the food chain 
[12]

. In the formulation of 

glyphosate, some surfactants that are present are toxic to 

aquatic organisms and hence are not suitable for aquatic use 
[13]

. Propanil (dichloropropionamide) is a known common 

herbicide, widely used in agriculture, agro-forestry and 

domestic homes to control unwanted plants 
[14]

. 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 
[15, 16]

. According to 

Ensibi et al.
 [17]

, the presence of toxic substances in aquatic 

ecosystem can affect fish growth ultimately by reducing 

food accessibility, or by altering their metabolism. Toxic 

substances even at minute concentrations in aquatic 

environment can cause fish kill 
[18]

. Close association 

between the circulatory system and external environment 

has made it easy for the determination of toxic effect of 

substances during clinical diagnosis of hematological 

parameter 
[19, 20, 21]

. Clarias gariapinus has been the most 

popular choice as test organism because it is cheap and a 

rich source of animal protein, hardy, found in all fresh 

waters sources and widely cultured everywhere in Nigeria. 

Fish is considered as a model organism in conducting 

experimental studies such as toxicological and some 

pharmacological studies. Fish is a more attractive model 

organism in toxicology research because of it potentiality of 

application of the findings from these researches on humans 

and other environmental health issues
 [22]

. However, based 

on the scientific based evaluation on animals, glyphosate 

and propanil are considered probably human carcinogen 
[23]

. 

This prompts the need to investigate the toxicity of 

glyphosate and propanil herbicides on C. gariepinus 

juveniles through; the determination of haematological 

profile of glyphosate and propanil on C. gariepinus 

juveniles effect in this fish after its exposure for 56 days to 

different sub lethal doses of glyphosate and propanil 

herbicides respectively. Haematological indices have been 

recognized as valuable tools for evaluation of fish 

physiological status, the changes of which depend on fish 

species, age, cycle of sexual maturity and diseases 
[24, 25]

. 

However, valuables data generated would give additional 

information to the potentials of glyphosate and propanil to 

cause adverse effects on vertebrates (humans inclusive). The 

present work is to study the haematological changes in the 

fresh waterfish C. gariepinus juveniles treated with sub-

lethal doses of glyphosate and propanil. 

 

2. Materials and methods 

2.1 Experimental Fish 

Juveniles of C. gariepinus of mixed sexes and fairly uniform 

sizes were obtained from a private fish farm in Zaria, 

Kaduna State, Nigeria. The Clarias species averaging 

11.99±1.56 cm standard length and body weight of 

4.25±1.17 g were used for the study. The fish were then 

transported in oxygenated polythene bags to the Fisheries 

Laboratory, Department of Biology, Ahmadu Bello 

University, Zaria, Kaduna State, Nigeria. They were fed on 

a commercial pellet diet (3% of body weight per day) and 

acclimatized for three weeks in 800 L rectangular tanks 

containing dechlorinated tap water (conductivity 2000 

µs/cm; pH ≈ 7.5; Oxygen 90-95% saturation; temperature 

25 °C; photoperiod 12:12 Light: Dark). The feeding stopped 

24 hours prior to the commencement of the experiment. 

 

2.2 Preparation of Herbicides Test Solutions 
Two herbicides were used in the investigation. Both 

herbicides were purchased from a commercial outlet in 

Kaduna. Out of 360 g/L glyphosate, a stock solution (5 

mg/L) of the toxicant was prepared by adding 1mL of the 

toxicant to 999 mls of water 
[26]

. Similarly, out of 276 g/L 

propanil, stock solution of 1 mg/L was prepared in the same 

way as glyphosate. The stock solutions were used for 

preparing different concentrations of the test solutions by 

diluting measured volumes (i.e. 0.36 mL in 999.64 mL of 

dechlorinated tap water for 0.36 mg/L concentration). The 

dechlorinated tap water used had the same physical and 

chemical properties with the one used in acclimatizing the 

fish. The control solutions were made up of only 

dechlorinated tap water. 

 

2.3 Experimental Design 

From the result of the acute bioassay, fractions, 1/5, 1/10 

and 1/20 of the 96h LC50 were used to determine sub-lethal 

concentrations for the herbicides as recommended by 

Oladimeji and Ologunmeta 
[27]

, using a static experiment 

where the water in the tanks were renewed every 24h. 

Appropriate volumes of stock solution were dispensed using 

syringe and measuring cylinder into a 25L tank containing 

20L of dechlorinated tap water in each of the tanks except 

the control. The juveniles fish were exposed to nominal 

concentrations of toxicants for 56 days. The concentrations 

used for chronic study of the two toxicants were 0.11, 0.14, 

21 mg/L and control (0.00 mg/L) for glyphosate and 0.23, 

0.31, 0.46 mg/L and control (0.00 mg/L) for propanil. Each 

treatment was in triplicate. This means four treatments for 

each herbicide i.e. 12 experimental set-ups or tanks for each 

herbicide. The fishes were randomly assigned to give 10 fish 

per tank, given a total of 240 fish were used for both 

experiment with glyphosate and propanil. Fishes were fed 

3% body weight with 35% crude protein level pelleted diet. 

The natural 12:12 day/night photoperiod was maintained. 

Test solution was renewed after every 24 hours. 

 

2.4 Procedures for Haematological Studies of Clarias 

gariepinus Juveniles Exposed to Sub lethal 

Concentrations of Glyphosate and Propanil 

2.4.1 Fish blood collection and analysis 

For the sublethal study, five fish per replicate were sampled 

from the respective test mediums after 56 days for blood 

collection. Collection of blood from fish specimens was 

done following the procedure of Blaxhall and Daisely 
[28]

. 

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 
[29]

. Blood 



 

~ 96 ~ 

International Journal of Agriculture and Nutrition https://www.biologyjournal.net/ 
 

specimens were transferred to the laboratory unit, Ahmadu 

Bello University (ABU) Teaching Hospital for 

heamatological analysis. Blood from the various treatments 

were analysed for the following haematological parameters: 

pack cell volume (PCV), haemoglobin (HB), red blood cell 

count (RBCC), White blood cell count (WBCC) and 

differentials using standard haematological procedures 
[28]

.  

 

2.4.2 Total Erythrocyte Count (Red blood cell)  
The total erythrocyte count was made with Neubaur’s 

haemocytometer Hendricks solution was used for the red 

blood cell count. The blood was drawn up to 0.5mark in the 

RBC pipette and mixed the thoroughly taken in red pipette 

and diluted 1:200 with Hayem’s fluid. 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 haemocyto meter 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 

(mm
3
) of blood 

[30]
. 

 

2.4.3 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 

(mm
3
) of blood 

[30]
. 

 

2.4.4 Haematocrit (packed cells volume)  
Packed cells volume was determination according to micro-

westegren method as described by Blaxhall and Daisely 
[28]

. 

The well mixed sampled blood from the severance of caudal 

peduncle was drawn into micro-haematocrit tube, 75 mm
3
 

long, and 1.1-1.2 mm
3
 internal diameter. The tubes were 

then centrifuged for five minutes. The reading was taken 

with the aid of a micro- haematocrit reader and expressed as 

the volume of the erythrocytes per 100 cm
3
. 

 

2.4.5 Red Cells 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 RBCC, haemoglobin and 

PCV/(Ht)
 [31]

. 
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-1

)   
               ⁄

                 
 

 

MCHC (        ⁄    
                 ⁄

   
 

 

2.4.6 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.  

 

 2.5 Statistical Analysis 

One-way Analysis of Variance (ANOVA) was used to test 

for significant difference between means using IBM Statics 

Version 20.0 for Windows 8, statistical analysis software 

and Duncan Multiple Range Test (DMRT) was used to test 

for significant difference between treatments when (p<0.05). 

 

3. Results  

The physicochemical parameters of the test water measured 

daily during sublethal toxicity bioassay with cadmium 

concentrations are presented in Table 1 and 2. The 

Temperature (T)     range was between 20.10 to 26.70  , 

Hydrogen ion concentration (pH) was between 7.70 to 8.20, 

Electrical Conductivity (EC) (µS/cm) was between 122 to 

404 µS/cm, Total Dissolved Solids (TDS) (mg/L) was 

between 61 to 202 mg/L and Dissolved Oxygen (DO) 

(mg/L) was between 4.00 to 5.50 mg/L. 

 
Table 1: Physico-chemical parameters of diluting water monitored during the sub lethal exposure of Clarias gariepenus juveniles to 

glyphosate for 56 days 
 

Parameters Range Mean ± S.E 

Temperature (T) (°C) 25.80– 26.70 26.23±0.08 

Hydrogen ion Concentration (pH) 7.52–7.90 7.72±0.05 

Electrical Conductivity (EC) (µS/cm) 142–236 188.42±10.41 

Total Dissolved Solids (TDS) (mg/L) 71–118 93.33±5.22 

Dissolved Oxygen (DO) (mg/L) 4.50–5.50 4.98±0.09 

 
Table 2: Physico-chemical parameters of diluting water monitored during the sub lethal exposure of juveniles of Clarias gariepenus to 

propanil for 56 days 
 

Parameters Range Mean ± S.E 

Temperature (T) (°C) 20.10 – 25.70 22.78±0.58 

Hydrogen ion Concentration (pH) 7.70 – 8.20 7.38±0.16 

Electrical Conductivity (EC) (µS/cm) 122– 404 211.00±32.19 

Total Dissolved Solids (TDS) (mg/L) 61 – 202 106.17±15.94 

Dissolved Oxygen (DO) (mg/L) 4.00 – 5.20 4.46±0.12 
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Results of biochemical parameters of C. gariepinus 

juveniles exposed to sub-lethal nominal concentrations of 

glyphosate after 56 days are presented in Table 3. When the 

effects of sub-lethal concentrations of Glyphosate were 

considered, the toxicant elicited highly significant (p≤0.05) 

dose and duration dependent decreases in RBCC, HB and 

PCV. In contrast, highly significant (p≤0.05) dose and 

duration dependent elevations were recorded in WBCC and 

MCH. Control RBCC, HB and PCV were significantly 

(p≤0.05) higher than the exposed group. MCV and MCHC 

did not vary significantly between the control and the 

exposed fish. Fish exposed to the toxicant had significantly 

(p≤0.05) lower percentage neutrophils compared to the 

control group. For the exposed fish, neutrophil percentage 

was observed to decrease with increasing sub lethal 

concentrations of the toxicant. The percentage of 

lymphocytes in the exposed fish was observed to decrease 

with increasing concentrations of glyphosate. Lymphocyte 

level of the control group was significantly (p≤0.05) lower 

than those of the exposed fish. 

 
Table 3: The effect of sub-lethal doses of glyphosate on some biochemical parameters of C. gariepinus juveniles after 56 days of exposure 

 

Treatment (mg/L) 0.00 0.11 0.14 0.21 

Parameters 

RBC (x1012L 6.77±022a 4.12±0.27b 3.12±027c 2.55±0.16c 

WBCC (x109L) 7.20±0.41c 9.90±0.61b 12.06±0.66a 13.34±0.84a 

HB (g/100ml) 12.17±0.30a 7.44±0.48b 6.16±0.39c 5.73±0.40c 

PVC (%) 34.29±0.81a 19.29±1.49b 15.83±1.74b 15.04±1.72b 

MCV (x106Pgcell) 51.33±2.09ab 46.70±1.58b 50.18±3.29ab 57.83±4.23a 

MCH (x106Pgcell) 18.13±0.58c 18.13±0.30c 20.18±0.62b 22.40±0.73a 

MCHC (g/100ml) 35.58±0.86a 39.23±1.50a 42.36±3.50a 40.93±3.01a 

Neutrophils (%) 17.75±1.03a 8.00±2.92d 11.13±4.64c 13.25±5.49b 

Lymphocytes (%) 85.25±1.03d 95.00±2.92a 87.75±4.77b 86.50±5.78c 

Means with the same superscript along rows are not significantly different (p≤0.05) (Mean values ± SE) n=3 Red blood cell = RBC, White 

blood cell = WBC, Haemoglobin = Hb, Pack cell volume = PCV, Mean cell volume = MCV, Mean cell hemoglobin = MCH, Mean cell 

haemoglobin concentration = MCHC. 

 

Results of biochemical parameters of C. gariepinus 

juveniles exposed to sub-lethal nominal concentrations of 

propanil after 56 days are presented in Table 4. The results 

clearly showed highly significant (p≤0.05) dose dependent 

decreased in RBCC, HB and PCV. In addition, the control 

values for RBC, HB, PCV, MCH and MCHC were 

significantly (p≤0.05) higher than the exposed group. 

However, the control value for WBCC was significantly 

lower compared to the exposed groups at the higher propanil 

concentrations. It was significantly (p≤0.05) elevated in 0.31 

and 0.46 mg/L respectively, but the elevation recorded no 

significant (p≤0.05) difference at the lowest concentration 

0.23 mg/L. MCV did not vary significant (p≤0.05) between 

the control and the exposed fish as well as between 

concentrations. Fish exposed to the toxicant had 

significantly (p≤0.05) lower. The percentage neutrophils of 

the control fish were higher than the exposed group, but 

only significantly (p≤0.05) at the highest concentration of 

propanil. For the exposed fish, neutrophil percentage was 

observed to decrease with increasing sub lethal 

concentrations of the toxicant. The percentage of 

lymphocytes (87%) in the exposed fish to the lowest 

propanil concentration (0.23 mg/L) was observed to 

decreased significantly (p≤0.05) to 81% and 82% with 

increasing concentrations 0.31 and 0.46 mg/L respectively. 

 
Table 4: The effect of sub-lethal doses of propanol on some biochemical parameters of juveniles in C. gariepinus after 56 days of exposure 

 

Treatment (mg/L) 0.00 0.23 0.31 0.46 

Parameters 

RBC (x1012L 183.58±9.33a 147.17±10.29b 122.67±3.78c 130.33±3.62bc 

WBCC (x109L) 1825.17±131.42c 2057.83±171.95bc 2331.17±150.52ab 2611.42±95.03a 

HB (g/100ml) 10.167±0.30a 5.44±0.48b 4.16±0.39c 3.73±0.41c 

PVC (%) 37.08±1.14a 27.25±1.16b 24.00±1.47bc 21.50±1.20c 

MCV (x106Pgcell) 2.06±0.08a 1.97±0.20a 1.98±0.14a 1.66±0.10a 

MCH (x106Pgcell) 0.57±0.03a 0.40±0.05b 0.34±0.03b 0.29±0.03b 

MCHC (g/100ml) 27.46±0.41a 19.44±0.71b 16.95±0.69c 16.75±1.01c 

Neutrophils (%) 22.75±1.35a 21.45±2.94ab 18.74±0.66ab 16.20±1.54b 

Lymphocytes (%) 84.67±0.56ab 87.50±1.13a 81.58±0.70b 82.92±2.36b 

Means with the same superscript along rows are not significantly different (P≤0.05) (Mean values±SE) n=3 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. 

 

4. Discussion 
After exposure to sublethal concentrations of Glyphosate 

and Propanil, the result for haematological indices showed 

significant differences (p<0.05) in Hb, RBC, WBC, PCV, 

MCV, MCH and MCHC between the control and the 

various treatments. Blood is considered to be the only liquid 

tissue thus; contained different types of cells which help in 

homeostasis 
[32]

. However, haematology has been used as an 

index of fish health status in a number of fish species to 

detect physiological changes, as a result of exposure to 

different pollutants, such as herbicides 
[32]

. These often leads 

death of an organism including fish. Reduction in Hb 

concentration with increased concentration of Glyphosate 

and Propanil observed conforms with report of Yaji et al.
 

[16]
, in which O. niloticus was exposed to sublethal 

concentrations of propanil. Reduction in Hb in the juveniles 
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of C. gariepinus could be due to an increase in the rate of 

erythrocyte destruction or decrease in the release of 

erythorocytes in to circulation. Ada et al.
 [32]

, states that Hb 

reduction contributes to the anaemic state of organisms 

which leads to alteration in respiration, metabolism and 

triggers morbidity and death of an organism. Hence, Hb 

decrease in exposed fish might have altered the available of 

oxygen in the body tissues, resulting to the production of 

low energy and reduced metabolic rate, these explains the 

changes in their biochemical, histological and low food 

consumption and further leads to loss of body weight. The 

decreased in RBC with concentrations increased of 

Glyphosate and Propanol observed implies impairment in 

erythrocyte production caused by the toxicant. The result 

agrees with the report of George et al. 
[34]

, that the 

alterations were attributed to direct or feedback response of 

structural impairment to RBC membranes resulting in 

haemolysis and impairment in haemoglobin producyion 

stimulated by exposure to atrazine and metolachlor. showed 

significant difference (p<0.05), it increased with increase in 

concentration of both glyphosate and propanil. 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 glyphosate and Propanil. 

Leucocytosis in O. niloticus was reported after 96 h propanil 

exposure 
[35]

. Nwani et al.
 [36]

 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. Similarly, 

the findings of Mukherjee et al. 
[37]

, suggested that when the 

pollutant entered the animal tissues, it could have combined 

with biochemical constituents of the cells and formed 

xenobiotics. Due to these reactions, the production of WBCs 

might be increased thereby increasing the process of 

elimination of toxic substances from the tissues. The trend 

in WBC with increased concentration of glyphosate and 

propanil is also similar to that observed in C. gariepinus 

exposed to paraquat dichloride by Seiyaboh et al.
 [38]

. The 

WBC showed a marked increase in the least treated 

concentration (0.11 mg/L glyphosate, 0.23 mg/L propanil) 

followed by the highest concentration 0.21 mg/L 

glyphosate, 0.46 mg/L propanil; the high elevation of WBC 

count might be as a result of an attempts made by the fish to 

fight against stress and trauma cause by herbicides. Ada et 

al.
 [32]

, reported that increase in WBC count is regarded as 

an adaptation of organisms to fight foreign bodies from 

cells. Baker et al.
 [39]

, also opined that sharp increase in 

exposed blood cells above that of the control group could be 

resistance to prevalent adaptability and unwanted change to 

the environment. The study. The low values of PCV in fish 

exposed to the herbicides glyphosate and propanil could 

have arisen from the reduction in RBC volume caused ionic 

exchange as a result of hypoxic conditions, osmotic 

concentration and changes that occurs due to ion losses from 

the blood plasma 
[33]

. Red cell parameters MCV, MCH and 

MCHC are important indicators of anaemic conditions
 [29]

. 

The analysis of red cell indices (the values of MCH, MCHC 

and MCV are the lowest statistically significant) suggests 

that these specimens exhibit anemic changes of a microcytic 

and hypochromic type. This is further authenticated by the 

fact that Hb and RBC were observed to be statistically lower 

in the exposed fish than in the control over the exposure 

period, however, this is in tandem with the report of Ada et 

al.
 [32]

, that herbicides may trigger the multiplication of the 

blood cells to make up for the low load of haemoglobin per 

cell, Zubair 
[40]

 and Edori et al.
 [41]

, reported similar trends in 

fish exposed to different toxicants. Insignificant changes 

observed in MCV values exposed to sublethal 

concentrations of propanil and MCHC values exposed to 

sublethal concentrations of glyphosate, when compared with 

the control, suggested normochromic anaemia, while the 

significant elevation in MCV, MCH and MCHC values of 

fish exposed the herbicides in sublethal concentrations, 

might be due to the swelling of RBC as a result of hypoxia 

or Macrocytic anaemia in the fishes exposed to glyphosate 

and propanil as also suggested by Jastrzebska and 

Protasowickiz 
[42]

. The increased in MCV, MCH and MCHC 

in the present study might also be due to defensive 

mechanism against the herbicides toxicity. Leucocytes are 

important biomarkers of stress thus give information on 

health condition of animals with regards to their immune 

status 
[43]

. Leukocyte differentials have been reported to be 

sensitive markers of stress and provide information on the 

immune status of organisms 
[42]

. 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 
[43]

. 

Increase in lymphocyte and decreased in neutrophils counts 

in C. gariepinus juveniles exposed to sublethal 

concentrations of Glyphosate and Propanil compare with the 

control suggested possible immune defence against the 

stress induced by the herbicides Glyphosate and Propanil. 

Micah et al.
[44]

, reported similar observations in neutrophils 

and lymphocytes of fingerlings of heteroclarias exposed to 

acute concentrations of glyphosate. Yaji et al.
 [11]

, revealed 

leukocytosis, neutrophilia and lymphopenia in Oreochromis 

niloticus in a Static Bioassay exposed to sublethal 

concentrations of propanil for 56 days when compared with 

the control group and they attributed the differences to stress 

induced by propanil. Basophils, monocytes and eosinophils 

were not observed in fish expose to Glyphosate and 

Propanil. This suggested reduction in concentration of cell 

types. Difficulty in the preservation of basophils might be 

the reason why basophils are difficult to identify in fish 

blood 
[45, 46]

. Absence of basophils, Eosinophils and 

granulocytes were reported for Hopliias malabarcus 

captured from the wild 
[47]

. 

 

5. Conclusion 
The haematological parameters are considered as most 

sensitive in monitoring toxicity of glyphosate and propanil 

with other herbicides especially at sublethal doses. Further, 

the fish C. gariepinus may be considered as a suitable model 

to study the toxicity of herbicides in the aquatic ecosystems. 

The present study records that glyphosate and propanil 

severely impairs various haematological parameters, hence, 

would serve as a useful tool for further monitoring and 

ecological assessment of these aquatic organisms, which is 

considered to be a rich source of animal protein including 

and also important food source for human beings. 

 

6. Recommendation  
Therefore, the effects of glyphosate, propanil and other 

herbicides should be investigated in the field hence, the use 

of herbicides should also be restricted or at least be 

minimized for the betterment of the ecosystem and 

conservation of aquatic habitat. 
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