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ABSTRACT 

Herbicide performs a vital role in the management of weeds. As the name indicates, herbicides are 

chemicals that kill or control vegetation. The indiscriminate use of herbicide i.e. “Glyphosate” careless 

handling accidental spillage or discharge of untreated effluents into aquatic environment have harmful 

impact on the fish population and other aquatic organisms and may contribute to long term eco 

toxicological effects to resident aquatic organisms. The aim of the present studies therefore, was to 

determine the acute toxicity of glyphosate (Excel Mera 71) herbicide and its impact on the toxicity stress, 

behavioural alterations and biochemical changes on fresh water fish channa punctatus. The bioassay 

studied after 24h or 96h exposure with 40% and 80% of LC50 of 24h. The freshwater fish Channa 

punctatus is an important fish of Indian capture fishery. The LC values (LC10, LC50, LC 90) was dose as 

well as time dependent. Alteration in biochemical profile (Total protein, amino acid, glycogen, and 

nucleic acid) of fish was also time & dose dependent. On the basis of present study we should avoid 

extensive use of this herbicide in near water bodies.   
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INTRODUCTION 
Herbicides are important part of the agricultural field. It is specifically made for weed control, hence, it is 

also known as weed killers, and it is composed of a heterogonous family of chemical product. Herbicide 

can kill the plants, by affecting their biochemical mechanisms involved in photosynthesis, respiration, 

growth, cell and nuclear division or synthesis of protein carotenoides or lipids (Ecobichon, 1991). They 

can purposely direct or indirect reach aquatic ecosystem through soil surface runs off or from area where 

they are applied. Due to extensive usage of pesticide in agricultural field, the exposed non-target 

organisms are in a source of concern. Therefore, it seems essential to study the lethal toxicity and stress of 

such environmental pollutants on Channa punctatus so as to formulate the strategies for safe guarding 

aquatic organisms.  

Fishes being the first level of consumers in the aquatic ecosystem, are widely accepted as bio indicator to 

study the health of an aquatic ecosystem as they are directly or indirectly exposed to chemicals resulting 

from agricultural production via surface run-off or through food chains of ecosystem. Accumulations of 

toxic chemical pollutant are known to adversely affect the liver, kidney, muscles and other tissues of fish. 

The various workers have reported on the effects of herbicides on aquatic organisms such as Rainbow 

trout, Chinook and salmon (Mitchell et al., 1987), Salmon, daphnia and trout (Serivizi et al., 1987), 

Cyprinus carpio (Neskovic et al., 1996), and Nile tilapia (Oreochromis niloticus) (Jiraungkoorskul et al., 

2002).  

Glyphosate (N-Phosphonomethyl glycine) is a broad spectrum, translocated herbicide, used primarily in 

agricultural field for the control of a great variety of annual, biennial, and perennial grasses, sedges, broad 

leaved weeds and woody shrubs. It is also used for aquatic weeds control in fish ponds, lakes, canals and 

slow running water (Tsui and Chu, 2008). Glyphosate act by the inhibiting the enzymes EPSPS, which 

block the aromatic amino acid biosynthesis via. Shikimate pathway (Steinruicken and Amrhein, 1980). In 

India there are some well known glyphosate formulations which are used widely and it is known as 

Glycel, Excel Mera 71, and Veggru glyphosate.  
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Bioaccumulations of these pesticides threat the long – term survival of fishes by disrupting the ecological 

relationships between organisms and loss of biodiversity. Long – term exposure of pesticides induces 

physiological disturbance, behavioural alteration, histological damages, haematological alteration, 

biochemical changes, immune-suppression, hormone disruption, diminished intelligence, reproductive 

abnormalities of aquatic organisms such as Channa punctatus (Bloch) (Pandey et al., 2014), Labeo rohita 

(Mishra et al., 2008), and Tor putitora (Ullah et al., 2014).  

Toxicity varies with species and age of the fish, their nutritional status (more toxic to hungry fish), and 

the temperature, pH, hardness of water (toxicity increases with temperature and pH), young fish are 

particularly vulnerable when water temperature increase in spring and summer and the glyphosate causes 

water temperature increases several years after herbicidal treatment hence could increase the toxicity of 

fish and aquatic invertebrates (Folmar et al., 1979) and changes in the temperature regime of a valley 

(Holtby, 1989).  

The sub-lethal doses also caused damage and change in the liver and kidney structure in Nile tilapia, 

Oreochromis nitoticus (Jiraungkoorskul et al., 2003). The aim of this study was to evaluate the toxicity 

stress, behavioural alterations and biochemical effect of glyphosate on the level of total protein, total free 

amino acid, nucleic acid (RNA and DNA) and glycogen in the liver and muscle tissue of fresh water fish 

Channa punctatus (Bloch). 

 

MATERIALS AND METHODS 

Collection of Experimental Animals: The experimental species selected for present investigation is fresh 

water air breathing fish Channa punctatus (Bloch; Family: Channidae, Order: Perciformes) were 

collected from local water bodies of Gorakhpur, U.P. India. The specimens had an average weight and 

length of 160 to 200 gm and 10 to 15 cm, respectively.  

Fish are belonging to both the sexes were used. Fish were stored in 45 litre capacity of glass aquaria 

containing de-chlorinated tap water for acclimatization under laboratory conditions for 3 weeks and fed 

with commercial fish food.  

The dead animals (if any) were removed as soon as possible to avoid water fouling and contamination. 

The physico-chemical parameter of test water is (temperature = 22-25
0
 C, pH= 7.2-7.4, alkalinity = 130-

150 mg /L CACO3, DO = 6.5-7.3 mg/L, free carbon dioxide = 4.4- 6.4 mg/L.) measured in the beginning 

of experiment by the standard method of (APHA/AWWA/WPCF, 2005). 

Herbicide Used 

Glyphosate is the isopropyl amine salt of N-(Phosphonomethyl) –glycine, glyphosate is a very effective 

non-selective herbicides and it is only herbicide that acts by blocking the Shikimate pathway through 

inhibition of S-enolpyruvyl-shikimate-3-phosphate synthase (EPSPS). Molecular Structure: 

(C3H8NO5P), Molecular weight = 169.09, Chemical group – Phosphinic acid, Chemical name – (N-

Phosphonomethyl glycine). 

Toxicity Test  

Toxicity test had performed by the method of (Singh and Agarwal, 1988). Twenty experimental fish 

Channa punctatus were kept in glass aquaria containing 6 litre de-chlorinated tap water. Fish were 

exposed for 24h, 48h, 72h and 96h at four different concentrations of glyphosate “Excel Mera 71” 

herbicide in laboratory. Control fishes kept in similar conditions without any treatment. Each group of 

fish replicated six times. Mortality and Behaviour was recorded after every 24 hrs up to 96 hrs exposure 

periods.  

Dead animals were removed to prevent the decomposition of body in experimental aquarium. The 

effective dose (LC value, upper and lower confidence limits, slope value and heterogeneity) calculated 

through POLO computer program of Robertson et al., (2007). Product moment co-relation co-efficient 

was applied in between exposure time and lethal concentration (Sokal et al., 1973).    

Biochemical Analysis  
Fishes exposed to 40% and 80% of LC50 of 24h. Experiment conducted from 24h or 96h. After 

completion of treatment the test fishes removed and washed with water and killed by severe blow on head 
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and operated their liver and muscle quickly dissected out in ice tray and used for biochemical analysis. 

Control fishes kept in similar condition without any treatment. Each experiment replicated at least 6 times 

and values expressed as mean ± SE of six replicates. Following parameters estimated by different method. 

Protein 
Protein levels were estimated according to Lowry et al., (1951) using bovine serum albumin as standard. 

Homogenates (50 mg/ml, w/v) were prepared in 10% TCA. Tissues homogenized for 5 minutes using an 

electric tissue homogenizer, centrifuged at 6000 g for 20 minutes. Values have been express as µg 

protein/mg of tissue.  

Total Free Amino Acid 

Estimation of total free amino acid on the basis of Spice, (1957) method. Homogenates (10 mg/ml, w/v) 

were prepared in 96% ethanol in an electric tissue homogenizer for 5 minutes and centrifuged at 8000 g 

for 20 minutes and supernatant was used for amino acid estimation. Free amino acids have been express 

as µg/mg of tissue.  

Nucleic Acid 

Estimation of nucleic acid (DNA and RNA) was performed, by the methods of Schneider, (1957) using 

diphenylamine and Orcinol reagents, respectively.  

Homogenates (100 mg/ml, w/v) were preparing in 5% TCA at 90
O
 C by electric homogeniser for 5 

minutes, and centrifuged at 5000 g for 20 minutes and supernatant was use for estimation. Both DNA and 

RNA have been express as µg/mg tissue. 

Glycogen  
Glycogen was estimated by the Anthrone method of (Van der Vies, 1954). Homogenates (100 mg/ml, 

w/v) were prepared in cold 5% TCA, and 1.0 ml of filtrate was use for assay. Result has been express as 

mg glycogen/g of tissue. 

Statistical Method 
Each experiment was replicate at least six times and data has expressed as mean ±SE. Student’s’-test was 

applied for locating significant differences (Sokal and Rohlf, 1973). 

 

RESULTS AND DISCUSSION 

Toxicity and Behavioural Response  

Fish exposed to the different concentration of “Excel Mera 71” (Ammonium salt of Glyphosate 71% S.G., 

“Systemic Herbicide”) show uncoordinated behaviour. After fifteen minutes of treatment all the 

experimented fishes were alert, stopped swimming and remained static in position in response to the 

sudden changes in the surrounding environment. After some time they tried to avoid the toxic water with 

fast swimming and jumping.  

And symptoms of toxicosis observed in fish behaviour with glyphosate include lack of balance; erratic 

swimming, air gulping, excessive secretion of mucus, rolling movement, and the treated fish became very 

weak, settled at the bottom and died and the skin colour was shining that’s why the  behavioural changes 

or any mortality and colour of the control fishes was  normal.  

The toxicity of gyphosate was time & dose dependent. There was a significant negative correlation 

between LC values and exposure periods i.e. LC values of glyphosate is decreased from 47.05 mg/L (24h) 

˃ 39.23 mg/L (48h) ˃ 34.35 mg/L (72h) ˃ to 30.62 mg/L (96h) in case of channa  punctatus (Table 1).  

Biochemical Estimation 

Exposure of sub-lethal doses (40% and 80 % of LC50 of 24h)  of glyphosate for  after 24h or 96h against 

the freshwater non-target fish Channa punctatus caused significant (P<0.05) alteration in biochemical 

parameters in liver and muscle tissues of this fishes (Figure 1 & Table 2). Total protein level was reduced 

to 85% and 88% of controls in liver and muscle tissues, respectively, after exposure to 40% of LC50 (24h) 

of glyphosate. The maximum decrease in protein level (80%) was observed in fish treated with 80% of 

LC50 (24h) of glyphosate. Same trend was observed in case of nucleic acid (RNA) also reduced of 

controls in liver and muscle tissues of the fish C. punctatus (Figure 1). Total free amino acid levels were 

induced to 120% and 115% of controls after treatment with 40% of LC50 (24h) of glyphosate in liver & 
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muscle tissues of fish respectively. The maximum increase in total free amino acid level (127% of 

control) was observed in fish treated with 80% of LC50 (24h) of glyphosate. Same trend was observed in 

case of nucleic acid (DNA) also induced of controls in liver and muscle tissues of fish after treated with 

(40% & 80% of 24h) glyphosate (Figure 1). Glycogen was also reduced to 87% and 82% of controls in 

liver and muscles tissues, respectively, after exposure to 40% of LC50 (24h) of glyphosate. The maximum 

decrease in glycogen level (78% of control) was observed in fish treated with 80% of LC50 (24h) of 

glyphosate. Likewise, the exposure of 40% of LC50 for 96h of ‘glyphosate’ herbicide, the level of total 

protein, total free amino acid, glycogen, nucleic acid (RNA & DNA) was observed at 40% and 80% of 

LC50 shows in (Table 2). 

  

Table 1: Toxicity (LC Values) of Different Concentrations of Glyphosate “Excel Mera 71” 

Herbicide against Fresh Water Fish Channa Punctatus at 24h to 96h Exposure Period 

Exposure  

Period (Hours) 

Effective Dose 

(mg/L) 

Limits (mg/L) Slope Value ‘t’  Ratio Heterogeneity 

LCL UCL 

24 LC10=23.73 8.43 31.02  

4.312±1.357 

 

3.178 

 

0.126 LC50=47.05 39.82 59.85 

LC90=93.29 68.47 316.98 

48 LC10=20.73 7.62 27.70  

4.627±1.352 

 

3.422 

 

0.019 LC50=39.23 30.97 45.50 

LC90=74.24 58.90 159.73 

72 LC10=19.23 7.43 25.80  

5.089±1.421 

 

3.581 

 

0.065 LC50=34.35 25.41 39.51 

LC90=61.34 51.25 102.61 

96 LC10=18.03 6.70 24.38  

5.572±1.564 

 

3.562 

 

0.134 LC50=30.62 21.00 35.54 

LC90=52.00 44.75 76.23 

 Batches of twenty fishes were exposed to four different concentrations of Glyphosate “Excel 

Mera 71” herbicide.  

 Concentrations given are the final concentration (w/v) in glass aquarium containing de-

chlorinated tap water. Each set of experiment was replicates six times. 

 Mortality was recorded after every 24h. 

 Regression coefficient showed that there was significant (P˂0.05) negative correlation between 

exposure time and different LC values. 

 LCL:  Lower confidence limit; UCL: Upper confidence limit. 

 There was no mortality recorded in the control group.   

 

Glyphosate is highly toxic to various aquatic organisms. It is extensively used chemical in agricultural 

field. During the unsafe spraying and improper handling, accumulation in the water holding areas was 

mixed with river, pond, etc. and polluted the areas. Fish are particularly very sensitive to water 

contamination. Hence, pollutants such as insecticides, herbicides may significantly affect some 

physiological and biochemical processes when they enter into the organs of fishes Oreochromis 

mossambicus (Mathivanan, 2004), and Hetropneustes fossilis (Shrivastava and Singh, 2004). The result 

shows that the toxicity and behavioural alterations of glyphosate for C. punctatus is both time and 

concentration dependent, thus, accounting for differences in LC10-90 value obtained at different 

concentration and time exposure and the significant behavioural changes is (Loss of equilibrium, erratic 

swimming, air gulping, excessive secretion of mucus, rolling movement, etc.). Bioaccumulations of 

atrazine in different organs of fish have been noted and thus we concluded that environmental pollutants 

can enter fish bodies through the gill and skin (Ortiz et al., 2002). Behavioural changes are the most 

sensitive indicators of potential toxic effect in fishes and the changes like erratic swimming, interruption 
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in schooling behaviour, restlessness and surfacing, as observed in present study may be an avoiding 

reaction to the herbicide present in medium. Loss of balance during swimming might be due to some 

neurological impairment in central nervous system as evident by inhibition of AchE by pollutants in 

fishes such as Procambarus clarkii affected by mercury, cadmium and lead (Devi and Fingerman, 1995), 

Oreochromis mossambicu (Patro, 2006) and Clarias batrachus (Srivastava and Singh, 2013d). The 

observed behavioural alterations in the studied formulation of glyphosate (Excel Mera 71) are consistent 

with previous reports on glyphosate – based herbicides on Nile tilapia (Oreochromis niloticus) (Ayoola, 

2008), Proechilodus lineatus (Langiano and Martinez, 2008), Gold fish (Lushchak et al., 2009), and 

Neotropical fish “Piaractus mesopotamicus” (Shiogiri et al., 2012). Behaviour provides a unique 

perspective linking between physiological and ecological of an organism i.e., marine and Freshwater 

Teleost (Little and Brewer, 2001) and Clarias batrachus (Srivastava and Singh, 2013d). 

Fish liver carries out essential body functions, including regulation of metabolism and detoxification of 

toxic compounds. Secondary metabolites of pesticides induces sever biochemical and enzymatic changes 

in aquatic organisms such as Hetropneustes fossilis (Rawat et al., 2002) and Colisa fasciatus (Tiwari and 

Singh, 2009).  

During stress, fish need more energy to detoxify toxicants and to overcome stress. Proteins are the 

building blocks of animal’s body, and it is most fundamental biochemical substance to maintain the blood 

glucose and energy source during the stress period. Proteins play a major role in the interaction process of 

the cellular medium in the organism like Channa punctatus (Magar and Shaikh, 2012). The decrease in 

total protein level and increase in free amino acid level in both tissue and liver suggest the protein 

hydrolytic activity due to elevation of protease activity in fish Labeo rohita (Muley et al., 2007). Hence, 

protein reduction might observe due to high – energy demand in TCA cycle. Decrease in protein content 

under toxicity stress has already been reported by several workers on the different fishes like Cyprinus 

carpio (Choudhary and Gaur, 2001), freshwater snail Lymnaea acuminate (Tripathi and Singh, 2003), 

Anabas testudineus (Kumar et al., 2004), Labeo rohita (Muley et al., 2007) and Colisa fasciatus (Tiwari 

and Singh, 2009).  

Decrease in total protein content in the tissues of shrimp Streptocephalus dichotomus on exposure to sub-

lethal concentration of Malathion and glyphosate (Arun Kumar and Jawahar, 2013). 

Excel Mera 71 herbicide  in tissue degrade into different types of amino acids based metabolites so it 

incorporate with several polypeptide chains and altered its fate. The quantity of protein may also be 

affected due to impaired incorporation of amino acid in the polypeptide chains (Singh et al., 1996).  

Total Free amino acid content is highest in the liver as it is the chief organ of free amino acid synthesis, 

least in the muscle as they are less involved in protein metabolism (Figure 1 & Table 2). This rapid 

increase in FAA levels is probably attributed to step up proteolysis or increased synthesis of free amino 

acid by transaminases reaction (James et al., 1979), Channa striatus (Natarajan, 1983).   

Glycogen is a sub divisional polysaccharide and major storage of Glucose that serve as a form of energy 

in animals. It plays an important role in the glucose cycle. The glycogen content in both tissues of Channa 

punctatus was decreased with increased toxicant concentration in the present experiment. Muscle and 

Liver tissues are a major glycogen parts in animals, which contains full of carbohydrates. It is found in the 

liver (10%) and skeletal muscles (1-2%).  

Liver glycogen level was depleted during hypoxia or physical disturbances in fish (Heath and Fritechard, 

1965).  

Depletion of glycogen may be due to direct utilization of the compound for energy generation, a demand 

caused by pesticide-induced hypoxia.  

Under hypoxia condition, the fish derives its energy from anaerobic breakdown of glucose which is 

available to the cells.  

Under stress conditions the secretion of high amount of catecholamine depletes glycogen reserves 

(Pickering, 1981). Propiconazole treatment altered carbohydrate metabolism with the levels of a number 

of oligosaccharides reduced in a dose-response manner such as maltotriose and maltose level (Nesnow et 

al., 2011). 
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 .                

Figure 1: Total Protein (µg/mg), Total Free Amino Acid (µg/mg), Glycogen (mg/g) and Nucleic 

Acids (µg/mg) Level in Different Tissues of Fresh Water Fish C. Punctatus after Exposure to 40% 

and 80 % of  LC50  24h of Glyphosate 

 

Table 2: Total Protein (µg/mg), Total Free Amino Acid (µg/mg), Glycogen (mg/g) and Nucleic Acids 

(µg/mg) Level in Different Tissues of Fresh Water Fish C. Punctatus after Exposure to 40% and 80 

% of  LC50 24h of Glyphosate  after 96h 

  Parameter      Tissue      Control  40% of LC50  80% of LC50 

Protein 
(µg/mg) 

      Liver 0.760±0.0007 

       (100) 

0.601±0.0004* 

        (79) 

0.581±0.0008* 

        (76) 

      Muscle 0.805±0.0007 

        (100) 

0.676±0.0006* 

        (84) 

0.633±0.0004* 

        (79) 

Amino Acid 

(µg/mg) 

      Liver 0.183±0.0003 

        (100) 

0.237±0.0004* 

        (129) 

0.243±0.0004* 

        (133) 

     Muscle 0.161±0.0004 

        (100) 

0.199±0.0006* 

        (124) 

0.207±0.0003* 

        (128) 

Glycogen 

(mg/g) 

      Liver 0.402±0.0002 

        (100) 

0.341±0.0004* 

        (85) 

0.321±0.0005* 

        (80) 

    Muscle 0.393±0.0003 

        (100) 

0.306±0.0008* 

        (78) 

0.297±0.0003* 

        (75) 

RNA  
(µg/mg) 

     Liver 0.426±0.0003 

        (100) 

0.254±0.0004* 

        (60) 

0.234±0.0004* 

        (55) 

   Muscle 0.385±0.0004 

        (100) 

0.284±0.0003* 

        (74) 

0.266±0.0004* 

         (69) 

DNA  
(µg/mg) 

    Liver 0.304±0.0005 

        (100) 

0.367±0.0004* 

        (121) 

0.379±0.0004* 

        (125) 

   Muscle 0.355±0.0005 

         (100) 

0.416±0.0004* 

        (117) 

0.432±0.0007* 

        (122) 

 

 Values are mean ±SE of six replicates. 

 Doses are 40% and 80% of LC50   for period for which animals were exposed. 

 *Significance (P<0.05), when student s’ test were applied between control and treated groups. 
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Pesticide toxicity indicates alteration in nucleic acid synthesis. Impairment of nucleic acid metabolism the 

degradation of cells, resulting in the DNA content. Furthermore, inhibition of DNA synthesis, thus, might 

affect both protein as well as amino acid levels by decreasing the level of RNA in protein synthesis 

machinery.  

In present studies (Figure 1 & Table 2) show the result of glyphosate effect on nucleic acid i.e. reduced 

the RNA content but induced the DNA content in both tissues of fish. In present study, the maximum 

level of DNA was found in both tissues which is supported by earlier findings of Holbrooks, (1980) that, 

the thymine incorporation into hepatic DNA has markedly increased after 1 to 3 of days of administration 

of the various toxicants.  

The increase of DNA contents in both liver and muscle tissues in the present study was due to 

hypertrophic nature of chloride cells, secreting cell leading to less transcription & enlargement of nuclei 

in Channa punctatus exposed to glyphosate. Lepidocephalicthys thermalis exposed to cypermethrin, 

endosulfan and pyrethroids also showed a decline in the RNA content of the liver and muscle tissues 

(Sheela and Muniandi, 1992) Clarias batrachus (Tripathi and Verma, 2004a). The synthesis of RNA 

plays an important role in protein synthesis.  

The inhibition of RNA synthesis at transcription level may affect the protein contents (Singh et al., 2010). 

The development and growth of the fishes upon the DNA & RNA which serve as biochemical indices 

(Nordenskjold et al., 1979). 

Conclusion 

Our studies showed that the Glyphosate based herbicide (Excel Mera 71) which is widely used in 

agricultural fields have potential to damage aquatic organism. It is highly toxic for fish and it caused the 

severe toxicity stress, behavioural changes and different biochemical parameter of freshwater fish Channa 

punctatus (Bloch). Therefore, we should avoid extensive use of this herbicide in near water bodies. 
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