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ABSTRACT: 

Pesticides are the major environmental pollutants, 
which contaminate the elements of the aquatic and 

terrestrial environments they are applied in, such as 
crops and soil. Globally, herbicides account for 

approximately 50% of all pesticides used. The present 
study is undertaken to investigate the effects of invitro 
exposure of glyphosate formulation on sperm motility 
in the freshwater fish, Trichopodus trichopterus. The 

environmental concentrations of glyphosate ranged 
from 0.09 to 1.7mg mg a.e./L in pond water and 0.26 to 
19 mg a.e./L in pond sediments. The glyphosate 
formulation used for the present study is Glyphosate 
41% S. L (GLYPHO). The effect of glyphosate 
formulation on sperm motility was assessed by 
preparing stock solution of 500 ppm from which test 
solutions with 0.01, 0.1, 1, 10 and 20 ppm concentrations 
were prepared by serial dilution. The results of the 

study revealed that exposure to Glyphosate formulation 
drastically reduced percentage of motile sperms as well 
as duration of motility in the activation medium. In the 
control group, percentage of motile spermatozoa was 
86% which immediately reduced to 76% in 0.01 ppm 
and lowest percentage of motile spermatozoa was 36% 
observed at 10ppm. The control group had duration of 
motility of 55.66± 2.80 secs which immediately dropped 

to 44.66± 2.67 secs in 0.01ppm and lowest duration of 
motility was obtained at 10ppm (34.33± 2.14secs). 
Therefore, results of the present study suggest that even 
low concentrations of the Glyphosate, causes 

deleterious effects on Trichopodus trichopterus 
spermatozoa, particularly in terms of percentage and 
duration of motility.  
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INTRODUCTION 
 
Glyphosate (N-[phosphonomethyl] glycine), an 
organic phosphate compound, acts as herbicide 
by inhibiting the synthesis of aromatic amino 
acids in plants (Boocock and Coggins, 1983). The 

primary mode of action of glyphosate is to target 
the shikimate pathway, specifically the enzyme 

5-enolpyruvylshikimate-3-phosphate synthase 
(EPSPS). The shikimate pathway is responsible 

for the biosynthesis of compounds such as 
phenylalanine, tryptophan, tyrosine, indole, 
indole derivatives, tannins, flavonoids, lignin, 
alkaloids, and other aromatic metabolites. 

Glyphosate inhibits EPSPS, preventing 
chorismite production, which is the last common 
precursor in the process of biosynthesis of 
aromatic compounds in bacteria, fungi, and 
plants (Pérez et al., 2011; Stenersen, 2004).  
 
Commercial glyphosate formulations vary in 
composition depending on the country and 

purpose.  The concentration of glyphosate in the 
formulations, expressed as glyphosate acid 
equivalent (a.e.) is commonly used to compare 
their properties and toxicity. Glyphosate has a 

strong adsorption to soil and undergo microbial 
degradation. However, despite its widespread 
use, glyphosate and its associated components 

can enter aquatic environments through various 
pathways, such as rainfall immediately after 

application, flood events increasing river 
sediment load, surface runoff, overspray or drift 
during herbicide application, urban runoff, and 
wastewater treatment effluent (Solomon and 

Thompson, 2003). These sources contribute 
significant amounts of glyphosate to rivers, with 
reported concentrations worldwide reaching up 

to approximately ∼10−15 μg/L in rivers (Byer et 
al., 2008; Struger et al., 2008). The highest 
environmental concentrations of glyphosate have 
been observed in pond water ranging from 0.09 
to 1.7 mg a.e./L and in pond sediment ranging 
from 0.26 to 19 mg a.e./L (Giesy et al.,2000).  
 
The Blue gourami (Trichopodus trichopterus) 

belongs to the order Anabantidae can be an ideal 

species for ecotoxicological study because of its 
wide environmental tolerances, ability to 
colonize anthropogenically disturbed habitats, 
trophic opportunistic nature and fast growth 

rates. It is highly tolerant of hypoxic conditions 
because of the presence of auxiliary respiratory 

organ (McKinnoon and Liley, 1987). The Blue 
Gourami species is considered an excellent 
model for toxicity studies due to its year-round 
availability, voracious feeding habit, prolific 

reproduction, and adaptability to cultured 
environments. In India, there is a high likelihood 
of agrochemical exposure to Blue Gourami, as 
they are abundantly present in water bodies near 

agricultural fields. Sperm motility is one of the 
crucial characteristics to assess sperm quality as 
it is an essential pre-requisite for fertilization 
(Rurangwa et al., 2004). The present study aims 

to investigate the invitro effect of glyphosate-
based herbicide on sperm quality parameters of 
freshwater fish Trichopodus  
 
MATERIALS AND METHODS 
 
Test Organism  
The fish species selected for the study was 
Trichopodus trichopterus (Pallas, 1770), commonly 
known as the Blue Gourami. This species belongs 

to the order Anabantidae, which encompasses 16 
genera and 50 species distributed across India, 

Southern Asia, and Central Africa. Trichopodus 
trichopterus collected from fish farms in 
Ernakulam, India, was used in the study. 
 
 Collection and Maintenance of Test Organism 
Healthy adult Trichopodus trichopterus used in the 
study were purchased from fish farms in 
Ernakulam. Prior to the experiment, fishes were 

acclimatized in laboratory conditions for a period 
of two weeks. During the acclimatization period 
fishes were fed with commercial fish food twice 
daily. The physio- chemical parameters of the 
water were daily monitored using a standard 
procedure (APHA, 2005) and maintained 
constant conditions during the acclimatization 
period. The acclimatization was done at room 

temperature.  
 

Chemical used for the study 
Commercially available formula Glyphosate 41% 

S.L (GLYPHO), manufactured by National 
Pesticides and Chemicals, Amaravati, 
Maharashtra was used for the present study. The 
chemical composition of the glyphosate 

formulation was isopropyl amine salt of 
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glyphosate 41% w/w and inert materials 59% 
w/w (Polyoxyethylene amine surfactant 
15%w/w, Manufacturing impurity 4.00%, water 

40% w/w). 
 
Effect of Invitro Exposure of Glyphosate 
Formulation on Sperm Motility in Blue 
Gourami Trichopodus Trichopterus 
The effect of glyphosate formulation on sperm 
motility in spermatozoa of Blue Gourami 
Trichopodus trichopterus was analysed. 
Commercially available formulation, Glyphosate 
41% S.L (GLYPHO), manufactured by National 
Pesticides and Chemicals, Amaravati, 

Maharashtra was used for the present study. The 
effect of glyphosate formulation on sperm 
motility was assessed by preparing stock solution 
of 500 ppm from which test solutions with 0.01, 

0.1, 1, 10 and 20 ppm concentrations were 
prepared by serial dilution. The environmental 
concentrations of glyphosate ranged from 0.09 to 

1.7mg mg a.e./L in pond water and 0.26 to 19 mg 
a.e./L in pond sediments (Giesy et al., 2000). 

 
In the present study, the three lower 
concentrations selected are concentrations that 
can be expected to occur in the environment 

regularly (0.01 ppm) and during occasional peak 

contamination events (0.1, 1 ppm). The highest 
concentration tested (10 ppm) was the highest 

environmental concentrations of glyphosate acid 
equivalents a.e./L in pond sediments. Different 
media were mixed with the milt sample and the 
percentage of motile spermatozoa and duration 

of motility were assessed (Goodall et al., 1989). 
Six samples were tested with each concentration 
of the activating medium. Three replications 

were done on each concentration. 
 
RESULTS 
 
Effect of In Vitro Exposure of Glyphosate 
Formulation on Sperm Motility in Blue 
Gourami Trichopodus Trichopterus 
Exposure to Glyphosate formulation drastically 
reduced percentage of motile sperms as well as 
duration of motility in the activation medium. In 
the present study, the sperms exposed to 

different concentrations showed a decrease in the 
motility parameters and the lowest motility was 

obtained at 10ppm (Table 1; Fig 1,2).  
 

The percentage of motile sperms vary inversely 
proportional to the concentration of glyphosate 
formulation. In the control group, percentage of 
motile spermatozoa was 86% which immediately 

reduced to 76% in 0.01 ppm. The lowest 

percentage of motile spermatozoa was 36% 
observed at 10ppm.  
 
The duration of motility of sperms was also 
found to vary inversely to the concentration of 
glyphosate formulation. The control group had 
duration of motility of 55.66± 2.80 secs which 
immediately dropped to 44.66± 2.67 secs in 

0.01ppm. The lowest duration of motility was 
obtained at 10ppm (34.33± 2.14). 

 
Table 1. Mean Percentage and duration of motility of spermatozoa of Trichopodus   trichopterus across 
various concentrations of glyphosate 
 

Concentration of Glyphosate (ppm) Percentage of motile 
spermatozoa (%) 

Duration of motility (s) 

0 86.67±4.92 55.66± 2.80 

0.01 76.66± 4.92 44.66± 2.67 

0.1 66.66± 4.92 43.83± 3.27 

1.0 56.66± 4.92 41.00±2.56 

10 36.66±4.92 34.33± 2.14 

20 19.67±3.11 23.12± 4.15 

   ̄ x±SD of 6 observations  
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Figure 1: Mean Percentage of motile spermatozoa of Trichopodus trichopterus across various 
concentration of glyphosate 

 
 
Fig 2. Mean duration of motility of spermatozoa of Trichopodus trichopterus across various 
concentrations of glyphosate 
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DISCUSSION 
 
The success of fertilization, whether in natural or 
artificial spawning, is influenced by the 
percentage of sperm motility and sperm 
velocities, which serve as predictors of semen 

quality. Sperm quality plays a crucial role in 
ensuring the correct process of natural or 

artificial spawning. Therefore, research on semen 
biology holds significant importance, 

particularly within the realm of fish 
reproduction. Sperm quality parameters such as 
motility and concentration are vital for successful 
fertilization (Krol et al., 2006). 

 
Several studies proved that glyphosate have 
negative effects on fertilization rates and the 
quality of gametes, leading to hindrances in 
reproductive success. The progressive sperm 
motility velocities were found to be directly 
correlated with fertilization rates in various fish 
species.  Silveira et al., (2019) demonstrated that 

the majority of kinetics parameters of Odontesthes 
humensis spermatozoa were significantly 
decreased after glyphosate exposure (7.8 mg/L).  
Similarly, exposure to Roundup (0.5 mg/L) for 96 

hours resulted in disruption of sperm quality, 
including sperm motility and concentration, in 
live-bearing Jenynsia multidentate. Studies on 

zebrafish (Danio rerio) reported a reduction in 
sperm motility and motility period after 

exposure to pure glyphosate at concentrations of 
5 and 10 mg/L for 24 and 96 hours, respectively 
(Lopes et al., 2014). Furthermore, Harayashiki et 
al. (2013) observed a reduction in sperm motility 

in adult guppies (Poecilia vivipara) following 
exposure to Roundup, a glyphosate-based 
herbicide 

 
Numerous studies by different authors have 
demonstrated that both glyphosate and its 
commercial formulation have the potential to 
disrupt the levels of antioxidant defense in 
various organisms, resulting in oxidative stress 
(Langiano and Martinez, 2008; Contardo-Jara et 
al., 2009; Ferreira et al., 2010). Excessive levels of 

reactive oxygen species can have detrimental 

effects on cells, leading to processes such as lipid 
peroxidation, amino acid oxidation, enzyme 
inactivation, co-factor oxidation, and DNA 
damage (Brooker, 2011). 

 
Based on the in vitro experimental results, 

exposure to Glyphosate formulation drastically 
reduced the percentage of motile sperms as well 
as the duration of motility in the activation 
medium. The percentage of motile sperms and 

duration of motility vary inversely proportional 
to the concentration of glyphosate formulation. 
This might be associated with increased reactive 
oxygen species production. Studies conducted by 

various authors have indicated that both 
glyphosate and its formulations have the 
potential to disrupt antioxidant defense 
mechanisms in different organisms, leading to 

oxidative stress (Langiano and Martinez, 2008; 
Contardo-Jara et al., 2009; Ferreira et al., 2010). 
Excessive reactive oxygen species can be 
detrimental to cells, resulting in processes such as 
lipid peroxidation, oxidation of amino acids, 
enzyme inactivation, co-factor oxidation, and 

DNA damage. Findings from the present study 
along with those already described in the 

literature support the idea that fish reproduction 
could be impaired in aquatic environments 
contaminated with Glyphosate based herbicides 
even at environmentally realistic concentrations.  

 
CONCLUSION 
 

In summary, the results of the present study 
suggest that even low concentrations of the 

Glyphosate, causes deleterious effects on 
Trichopodus trichopterus spermatozoa, 
particularly in terms of percentage and duration 
of motility. The percentage of motile sperms and 

duration of motility decreased with increase in 
herbicide concentration in the activating 
medium. Even environmentally realistic 

concentrations of this herbicide could have long-
term negative effects on the reproduction of 
Trichopodus trichopterus, potentially leading to 
changes in fish populations in environments 
contaminated with Glyphosate.  
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