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ABSTRACT 

The current study was undertaken to assess the acute (96hr) histopathological alterations in gill and liver tissues of Clarias 

gariepinus (juveniles) exposed to Glyphosate. Fish samples with mean weight range of 27.2 - 29.7g and mean length range of 

10.95 -15.5cm were exposed to the 6-levels of concentrations of the herbicide (0.0, 4.50, 9.0, 13.5, 18.50 and 22.5mg/L 

respectively) in a Completely Randomized Design (CRD). The gill and liver samples were collected and examined using standard 

methods. The 96 hr lethal concentration (LC50) at 95% confidence limits was 8.098 mg/L. Significant histological changes 

observed in the liver tissues include: presence of lipid granules, hepatocyte necrosis, cellular infiltration, cytoplasmic 

vacuolation, haemorrhage and multifocal cellular degeneration. Lifting of epithelium thickening, distortion of the primary 

lamellae, degeneration of secondary lamellae, blood congestion and massive lamellae degeneration were observed in the gill 

tissues. It can be deduced that glyphosate exerted effect on the behavior, mortality profile and histology of the experimental fish. 

It is here by recommended that indiscriminate use of synthetic herbicides including glyphosate, should be reduced to the barest 

minimum due to their negative effect on aquatic biota such as fish and other non-target organisms. 
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INTRODUCTION 

Aquatic ecosystem pollution in recent time is a critical 

issue of concern globally due to its adverse effect on the 

biota (Muhammad et al., 2021).  This is due to the rapid 

industrialization, agrochemicals application, e-waste and 

domestic waste release into the water bodies leading to 

disruption of many biological processes among biota via 

food chain and food web (Dar et al., 2018).  Indiscriminate 

application of herbicides by farmers to regulate weeds 

population is among the agricultural practices causing 

harmful effect on non-target organisms (FAO/WHO, 2016). 

Herbicides are mixture of substances produced to regulate 

the growth of undesirable weeds (Bartosz et al., 2018). 

They are applied as agrichemicals to facilitate crop 

productivity (Ayanda et al., 2018). They include broad 

classes of pesticides with more than 500 active 

formulations in several commercial compositions (Annett 

et al., 2014; Ruhi, T and lkay, 2020). Herbicides applied 

during agricultural activities reach aquatic environment via 

many routes where they can be detected far from their 

sources of origin due to their persistency in nature, long-

range transport through atmospheric exchange, water 

currents, debris, animal migration and other anthropogenic 

activities such as pouring away spray leftovers and sprayer 

washing (Parrino et al., 2018; Abdullahi et al., 2021). 

Glyphosate a broad-spectrum herbicide, is among the most 

widely used herbicides for the control of annual and 

perennial grasses, broad leaved weeds, woody shrubs, 

aquatic weeds in fish ponds and canals (Gomes et al. 2014; 

Ahmad et al., 2018). It has been reported with low toxicity 

among the herbicides due to its biodegradable nature, with 

half-life of 7-14 days, low vapor pressure, high water 

solubility varying from 10000 to 15700 mgl-1 at 25°C and 

persists in the environment for only a short time (EPA, 

2016). Glyphosate was patented as a chemical chelator by 

binding metals such as calcium and manganese in plants 

only, inhibiting the biosynthesis of certain aromatic amino 

acid necessary for growth (shikimic acid pathways) (Annett 

et al., 2014). However, Acetylcholines (AChE) activity 

reduction is reported in fish exposed to glyphosate (Bartosz 

et al., 2018). 

Indiscriminate application of these herbicide pave way for 

detecting their residue in many water bodies (Afful et al., 

2010; Akan et al., 2013).  In addition FAO/WHO (2016) 

reported that at higher concentrations herbicides products 

are toxic to aquatic biota, causing a number of 

physiological distress depending concentration effects on 

the level, duration and route of the exposure (Akinsorotan 

et al., 2019). Chronic exposure to glyphosate herbicide 

often in significant fish wellbeing, biochemistry, 

physiology and population density adversely (Richmond, 

2018). 

The study of histopathological changes are applied to 

determine fish health in polluted area and can be used to 

establish a causal relation between exposure duration and 

the cellular responses in a biota (Mustapha et al., 2017). 

The common observed histological changes reported in fish 

exposed to chemical contaminants are hyperplasia and 

hypertrophy of gill epithelium, and changes in liver 

microstructure, such as vacuolation of hepatocytes 

(Amaeze et al., 2015; Bartosz et al., 2018). The roles of the 

liver in detoxification render it vulnerable to xenobiotic 

damage (George et al., 2017). The filtering mechanism of 

gills accumulated chemical contaminants responsible for 
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the damage was observed in histological preparations (Chaufan et al., 2014). 

However, the osmoregulatory mechanism of fish kidney 

provides a framework that entangles poisonous chemical 

substances escaped through the respiratory gills (Hao et al., 

2019). In view of the forgoing this research was aimed at 

assessing histological alterations in African catfish exposed 

to glyphosate based herbicide. 

 

 

MATERIALS AND METHODS 

Source of Experimental Fish 

A total of 360 healthy juveniles’ catfish (C. gariepinus) 

were procured from Dalar Kifi Fish Farm. Langel Town 

along Gwarzo Road, Kano State, Nigeria. Before the 

experimental take up, fish samples were maintained in 

2000L aquarium (filled with clean borehole water and 

renewed every 48hours) at Biological Sciences 

Department, Bayero University, Kano. The health status of 

selected fish was determined based on the presence or 

absence of physical injuries, and morphological 

deformations. The specimens were acclimatized at a 

temperature of 27±0.31°C for 14 days as adopted by 

Adeboyejo et al. (2011). The fish samples were fed twice at 

5% body weight of a 2mm pelletized diet (42% crude 

protein) produced by Vital fish feed Nigeria Plc. However, 

feeding was terminated at 24h prior to toxicity test as 

adopted by Tasneem and Yasmeen (2018). 

 

Water Quality Parameters Analysis  
Water quality parameters were determined before the acute 

toxicity test using multifunction water testing kit (Model 

no. EZ-9909-SP). Parameters such as pH and Dissolved 

oxygen, Electrical Conductivity, water temperature and 

Total Dissolved Solids were determined as described by 

Manufacturer. 

 

Source of Test Chemicals 

Glyphosate (Roundup) (360g/L) contains glyphosate in the 

form of potassium salt. It is one of the most widely used 

herbicides globally with NAFDAC Registration number 

A5-0292. The chemical was manufactured by Bayer 

Agriculture BVBA, Antwerpen Belgium; marketed by 

Monsanto Agriculture, Nigeria Limited, Wuse Zone 5, 

Abuja, Nigeria. 

 

Experimental Design 

Fish samples were subjected to Completely Randomized 

Design (CRD) using GenSta version 2.4 with 6(six) level of 

exposure concentrations as adopted by (Akinrotimi et al., 

2013). A set of ten fishes with six (6) treatments and three 

replications were randomly exposed to glyphosate, making 

a total of eighteen experimental units. One treatment with a 

set of 10 fishes was maintained in water, without test 

chemicals, which served as control.  

 

Range Finding Test and Acute Toxicity Test  

The acute toxicity test to determine the 96hr LC50 values 

for glyphosate was conducted in static renewal system 

(complete replacement of test water after every 24 hours) 

using 50 x 80 x 50 cm plastic tank (100L) containing 40L 

of borehole water as described by Reddy (2018). The 

experiment was carried out in a 100L plastic containers at 

Biological Sciences Department, Bayero University, Kano 

using the procedure described by OECD (2013). The 

glyphosate concentrations dispensed in each sample 

containers were 0.5ml, 1.0ml, 1.5ml, 2.0ml and 2.5ml/L 

which was converted to 4.5mg/L 9.00mg/L, 13.5mg/L, 

18.5mg/L and 22.5mg/L using the dilution formula 

described by Ezenwosu et al. (2020). The formula is as 

follows:                

 C1V1 ₌  C2V2 

Where C1 = initial concentration of stock solution (g/L) 

            V1 = volume of stock used (ml) 

           C2 = desired concentration (g/L) 

           V2 = required volume of water for dilution (ml) 

Therefore, forty liters (40L) of dechlorinated water was 

poured into each container, while 0.5ml, 1.0ml, 1.5ml, 

2.0ml and 2.5ml of water was removed and replaced with 

equal volume of glyphosate from the stock solution. The 

fish were starved for 24hr prior to acute toxicity test. The 

mortality rate was assessed and dead fish were discarded to 

avoid possible deterioration of the water quality.  

Histopathological Analysis of C. gariepinus Tissues  

The biopsies of fish tissues (gills and liver) were conducted 

at Histopathology Laboratory, Aminu Kano Teaching 

Hospital, Kano-Nigeria using the method described by 

Ochei and Kolhatkar (2008). The fish was euthanized with 

40% ethyl alcohol before individually excising their gills, 

liver and kidney for histopathological investigation. Fish 

tissues were fixed with 10% formal saline dehydrated with 

ascending grade of alcohol, cleared with toluene and 

infiltrated with molten paraffin wax. Microtome sections 

(5μm) were stained with Haematoxylin and Eosin stains 

and examined under microscope (LEICA DM 750 model) 

and photomicrographed with HD camera (LEICA ICE 50 

model).   

 

RESULTS  

Physicochemical Parameters of Water used for the 

Experiment 

The range values of water physicochemical parameters for 

control and the treatments before and after 96 hours acute 

exposure to glyphosate are presented in Tables 1. There 

was an increase in the range values after 96hr exposure 

duration for TDS, pH, EC and turbidity, but a decrease in 

range values for DO and temperature.  

 

Acute Toxicity (96hr LC50) for Glyphosate  

The concentrations of pesticides that caused 50% mortality 

of the test organism at different time interval is referred to 

as LC50. The LC50 corresponding to each concentration is 

illustrated in Figure 1. The 96hr LC50 values determined 

based on the transformed probit analysis was 8.098mg/L. 

Linear relationship between the probit mortality and the 

glyphosate concentration revealed a positive correlation of 

r2 = 0.9623; indicating that mortality rate increases as the 

concentration of the herbicide increases. 
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Table 1: Physicochemical Parameters of Water used for the Experiment 

Duration 
   Before 

            After       

Parameters 
Range 

   Mean (±SD)      Range      Mean(±SD)     FAO/WHO (2018) 

Water temperature (°C) 
24.6-26.8 25.7±1.09 25.1-28.3 26.7±0.62 <40°Cmg/L 

DO (mg/L) 
5.95-6.28 6.31±0.54 4.26-5.44 4.78±0.95 5.0-9.0mg/L 

TDS (mg/L) 
123-165 146.7±0.91 198-246 226.4±1.36 <500mg/L 

E.C (µS/cm)                                        
167-213 188.37±0.75 223-275 251±3.26 <1000μS/cm 

Turbidity (NTU) 
14-21 17.6±0.49 28-39 34.1±1.39 <25 NTU 

pH  
7.40-7.71 7.53±0.17 8.11-9.01 8.81±1.70    6.0-9.0 

 

 

 
Fig 1: Mean Lethal Concentration (LC50) of Clarias gariepinus Exposed with Varying Glyphosate Concentrations at 96hr 

 

Fish survival and cumulative mortality profile on exposure 

to varying test concentrations of glyphosate are presented 

in Table 3. The number of survived and dead fish were 

examined based on the exposure duration (24, 48, 72 and 

96 hr) of Clarias gariepinus. The glyphosate concentration 

of 22.5mg/L showed the highest fish mortality (100%) 

while no mortality was recorded in the control throughout 

the experiment (Table 3). This revealed that an increase in 

mortality rate resulted to decrease in survival rate of the 

experimental fish. 

 

Table 3: Data on Cumulative Mortality Profile of Clarias gariepinus Exposed to Varying Concentrations of Glyphosate 

(Round up) for 96hr  

Exposed 

conc.(mg/L) 

log conc. 

(mg/L) 

No. of 

exposed 

fish No. of fish at different duration (hr)  

% 

survival % mortality Probit 

   

24 48 72 96 

    
0.00 

 

10 0 0 0 0 

 

100 0 

 
4.50 0.653 10 0 0 1 1 

 

80 20 4.16 

9.00 0.954 10 0 1 2 2 

 

50 50 5.00 

13.50 1.130 10 1 3 1 3 

 

20 80 5.84 

18.50 1.267 10 2 2 2 3 

 

10 90 6.28 

22.50 1.350 10 2 2 3 3 

 

0.0 100 7.33 



In Vitro Toxicity Assessment of…  Savanna Journal of Basic and Applied Sciences 

154 
 

 

Acute toxicity of glyphosate indicates a treatment-related 

tissue alterations which intensified with an increase in 

herbicide concentration. Histological investigation of the 

gills indicates normal gill architecture of the lamellae in the 

control group without any discernable pathological change 

(Plate Ia). After 96hr exposure duration to varying 

glyphosate concentrations, 4.5mg/L revealed distortion of 

secondary lamellae (Plate Ib). At 9.0mg/L exposure 

concentration, lifting of epithelial thickening were observed 

(Plate Ic). Degeneration of gill filament and blood vessels 

congestion were observed at 13.5mg/L respectively (Plate 

Id). At 18.5mg/L concentration, the gills revealed massive 

lamellae degeneration, necrosis and distortion of secondary 

gill lamellae (Plate Ie).  At 22.5mg/L concentration, 

necrosis, distortion of secondary gill lamellae and 

multifocal cellular degeneration were observed. 

        

         

                         
 

Plate I: Photomicrograph of gills tissue of C. gariepinus 

indicating normal gill architecture of the lamellae in the 

control group without any discernable change (Plate Ia). 

Distortion of secondary lamellae (Plate Ib). Lifting of 

epithelial thickening were examined (Plate Ic). 

Degeneration of gill filament and blood vessels congestion 

were observed (Plate Id). Massive lamellae degeneration, 

necrosis and distortion of secondary gill lamellae (Plate Ie). 

Necrosis, distortion of secondary gill lamellae and 

multifocal cellular degeneration (Plate 1f). (H&E, mag x 

100) 

 

 

Liver tissue revealed normal architecture with normal 

hepatocytes morphology, vacuolation and hepatic cord 

arrangement in the control samples without any discernible 

alterations (Plate IIa). At 4.5mg/L the treated fishes showed 

lipid granules and necrosis (Plate IIb). Liver tissue revealed 

degeneration of hepatocytes and blood vessels congestion 

at 9.0mg/L concentration (Plate IIc). Cellular Infiltration, 

central vein disruption, haemorrhage hepatocyte necrosis 

were observed at 13.5mg/L and 18.5mg/L respectively 

(Plate IId and Plate IIe). At 22.5mg/L congestion of blood 

around the central vein (black arrow) and multifocal 

necrosis region (Plate IIf).  
 

    

Ia 

Ic 

IIa 

Ib 

 

Ie 

1f 

Id 

IIb 
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Plate II: Liver tissue revealed normal architecture with 

normal hepatocytes morphology, vacuolation and central 

vein in the control samples without any discernible 

alterations. At 4.50mg/L revealed lipid granules and 

hepatocyte necrosis (black arrow) (Plate IIb). At 9.00mg/L 

of Glyphosate, Liver tissue revealed degeneration of 

hepatocytes (red arrow) and blood vessels congestion (Plate 

IIc). At 13.5mg/L concentration, cellular Infiltration and 

central disruption (Plate IId). At 18.5mg/L of Glyphosate, 

haemorrhage, cellular Infiltration and necrosis of the 

hepatocytes were observed (Plate IIe). At 22.5mg/L, 

congestion of blood around the central vein (black arrow) 

and multifocal necrosis region were seen (Plate IIf) (H & E 

mag x 100) 

 

DISCUSSION 
Aquatic ecosystem is a sink for various pollutants which 

are absorbed by biota such as fish, which ultimately alter 

their wellbeing (Ani et al., 2017). Fish are used as a model 

for the bio-monitoring of contaminants in aquatic 

environment (Ezike et al., 2019). The present finding 

revealed that exposure of the treated fish to glyphosate led 

to an increased mortality rate with an increase in 

concentrations. Similar observation was reported by Olele 

and Zelibe (2013) and Ayanda et al. (2015).  

The LC50 values depend on varying chemistries of the 

compound, fish age, species and the nature of the test 

solution (Santos and Martinez, 2012; Doherty et al., 2019). 

After 96hr of exposure of the fish to glyphosate, the LC50 

recorded was 8.098mg/L. The value obtained was greater 

than 1.05mg/L, 3.74mg/L and 0.53mg/L recorded in C. 

gariepinus exposed to glyphosate by Ayoola (2008), 

Shiogiri et al. (2012) and Ayanda et al. (2015) respectively. 

The value obtained in the present finding (8.098mg/L) was 

higher than 43.65mg/L and 33.39mg/L recorded by 

Akinsorontan et al. (2013) and Ezike et al. (2019) in C. 

gariepinus exposed to glyphosate. The variation in the LC50 

might be attributed to the susceptibility to the herbicide, 

health status, age, size and the fish species (FDA, 2017; 

Juliet et al., 2019).  The differences in the LC50 could also  

 

be attributed to the bioaccumulative capacity, 

biomagnification and excretion of the herbicide in the water 

(Ezike et al. 2019; Pocron et al., 2020). Muhammad et al. 

(2014) reported that toxicity of glyphosate herbicides was 

both time and concentration dependent, leading to variation 

in LC50 values. 

Histopathological alterations in various tissues/organs of 

aquatic biota are often attributed to presence of xenobiotic 

compounds such as pesticides and heavy metals in aquatic 

environment (Raibeemol and Chitra, 2016; Pochron et al., 

2020). These chemicals have been reported to cause 

alteration in the exposed issues. Lifting of epithelium, 

thickening and distortion of primary lamellae were among 

the alterations observed in gill tissues. This could be 

attributed to the reaction of the gill filaments to toxicants 

intake or due to defensive mechanism to block the entry of 

the herbicide compounds via the gills surface and as such 

increased capillary permeability, which in turn affected the 

thickening of the epithelium (Umar and Aisami, 2020). 

Similar observation was reported by Raibeemol and Chitra 

(2016) and De Moraes et al. (2013) who reported severe 

secondary gill lamellae degeneration in freshwater fish 
(Pseudetroplus maculatus) exposed to cyhalothrin.   

Slightly swollen secondary lamellae and blood congestion 

observed at 0.75mg/L glyphosate could be attributed to an 

increased cellular capillary permeability within the tissues 

which lead to asphyxiation of the exposed fish as reported 

by Faheem and Lone (2017). Asphyxiation due to damage 

of secondary lamellae has been reported in C. gariepinus 

exposed to glyphosate; causing a decline in the gill 

filaments efficiency and ultimately diffusion of oxygen 

across the gill lamellae thereby creating a hypoxic 

compartment within the fish body (Michael, 2018).  It 

could also be due to glyphosate metabolism during intake 

into the tissues or due to defense mechanism against the 

entry of the herbicide derivatives via the gills compartment 

(Akinsorotan et al., 2019; Ullah et al., 2019). At the highest 

concentrations of (1.0mg/L), massive lamellae 

degeneration and necrosis were examined in the exposed 

gills, which could be due to thickening of secondary 

IIc IId 

IIe IIf 
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lamella and loss of epithelial cells as observed by Altinok 

and Capkin (2010) and Aghoghovwia and Izah (2018). The 

degree of damage in the present finding was less severe 

compared to the finding of Michael (2018) who reported 

thickening of lamella and sloughing off of the gill filament 

on exposure of C. gariepinus to glyphosate. Nieves-

Puigdoller et al. (2007) reported hyperplasia, necrosis in 

epithelium region and lamellar fusion in Atlantic salmon. 

Similarly, changes in gills were observed after acute 

exposure of common carp to glyphosate (Velisek et al., 

2009). The present finding is in consistence with the work 

of Ayanda et al. (2018) and Ezike et al. (2019) on 

glyphosate. However, Bais and Lokhande (2012) recorded 

degenerative alteration of mucosal epithelium necrosis in 

the intestine of Ophiocephalus striatus exposed to 

cadmium chloride.  

Liver has been regarded as the metabolic organ where 

detoxification happens (Moreno et al., 2014; Ullah et al., 

2019). Liver of the control fish samples had normal 

hepatocytes architecture whereas in the exposed samples 

varying degree of alterations were identified. At 9.0mg/L, 

liver tissue displayed lipid granules and necrosis indicating 

inflammatory response in the liver cells/tissues to the 

toxicants. The presence of lipid granules could be due to 

the depression in respiratory metabolism by the liver tissues 

leading to utilization of stored intracellular glycogen and 

the release of hyperglycaemic hormone stimulating the 

breaking down of more glycogen and glucose in the tissues. 

Similar observation was reported by Khoshnood et al. 

(2014).  On exposure to 13.5mg/L of glyphosate, vacuolar 

degenerations were observed, resulting in stress to fish. 

Similar observation was reported by Deka and Mahanta 

(2012) who reported alterations in the liver tissues of 

Heteropneustes fossilis by Malathion pesticides. As the 

herbicide concentration increased to 18.5mg/L, cellular 

infiltration and cytoplasmic vacuolation were examined, 

which might be due to cytoskeletal rearrangement leading 

to inactivation of liver cells as reported by Dar et al. 

(2018). The cytoplasmic vacuolation could be due to the 

effort by the liver to metabolize glyphosate so that it can be 

excreted without causing any significant bioaccumulation 

in the tissues. This observation is in tandem to the finding 

of David and Kartheek (2014) and Mustafa et al. (2017).  

Blahova et al. (2014) reported vacuolar degeneration of 

hepatocyte, dilation of capillaries and hepatic tissue 

degeneration in common carp as a result of exposure to 

glyphosate. At 22.5mg/L concentration, haemorrhage, 

necrosis of the hepatocytes and multifocal cellular 

degeneration were observed in the liver tissues.  Multifocal 

cellular degeneration observed might be due to the energy 

production stimulation by the liver tissues in combating the 

stress induced by glyphosate concentration as reported by 

Micheal (2018). Necrosis seen reflects disrupted lipid 

metabolism, an indication of liver dysfunction which 

corroborates with the finding of Mela et al. (2013)  who 

reported necrosis in  the liver of neotropical catfish 

(Rhamdia quelen) exposed to glyphosate (2-100 𝜇g/L). The 

haemorrhage recorded could be due to failure of the liver to 

detoxify the glyphosate metabolites leading to an increased 

lesion index within the liver tissue (Al-Balawi et al., 2013). 

 

Conclusion and Recommendations 

The study revealed that behavioral and histopathological 

alterations observed in C. gariepinus were due to exposure 

and varying concentrations of period to glyphosate. It 

developed harmful effect in the experimental fish as it 

subjected them to varying histological distortions. It can be 

deduced that indiscriminate application of synthetic 

herbicide have negative impact on non-target aquatic biota 

such as fish. It is here by recommended that indiscriminate 

use of synthetic herbicides including glyphosate, should be 

reduced to the barest minimum due to their effect on 

aquatic biota such as fish and other non-target organisms. 
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