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Abstract— Herbicides are one of the most extensively used classes of pesticides, which provide a convenient, 

economical and effective way to manage weeds. However the regular and endless use of herbicides affects 

environmental, ecological, and human health. Herbicides can be classified in several ways but the most common 

method of classifying herbicides is by their mode of action and target site. Several stress events gene rated upon 

the herbicide action can lead to oxidative dis-balance in various non-target species. Most of the perturbations 

caused by herbicide treatment in plants are related to ROS generation. Overproduction  and accumulation of 

ROS result in metabolic disorders and can lead to oxidative destruction of the cell. This review provides  a brief 

overview of alterations in enzymatic antioxidants on exposure to different herbicides in various experimental 

models.  
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I. INTRODUCTION 

Pesticide is defined as any substance or a mixture 

of substances (chemical or biological) that deters, 

incapacitates or kills pests.  Pesticides are generally used 

to eliminate or hinder the growth of a variety of 

agricultural pests that can damage crops, livestock and 

reduce farm productivity. There are many different types 

of pesticides, each is meant to be effective against specific 

pests and minimize the losses. Besides their widespread 

use and as a friend to farmer, these agricultural pesticides 

create an imbalance in the ecosystem and add to that most 

of the pesticides are broad spectrum, resulting in affecting 

other organisms including humans directly or indirectly.  

According to Kumar et al. 2013 extensive use of pesticides 

has a harmful impact on biological diversity resulting in 

biodiversity loss. Pesticide use raises a number of 

environmental concerns. A report (Miller GT 2004) says 

that over 98% of sprayed insecticides and 95% of 

herbicides reach a destination other than their target 

species, including non-target species, air, water and soil. A 

recent study (Fan 2017) found nearly 3000 children were 

poisoned by pesticides in eastern China’s Zhejiang 

province between 2006 and 2015, with most cases 

occurring during the farming season. As the substituent of 

chemical pesticides (Jafarbeigi et al. 2014), bio-pesticide 

use is quickly increasing and they are expected to become 

the predominant pesticides in the future. Herbicides are 

one class of pesticides used to prevent or eliminate weeds. 

Herbicides can be broadly classified into 2 types, Contact 

and Systemic herbicides. Contact herbicides kill only, 

whereas the systemic herbicides are absorbed by the roots 

or foliage and trans-located throughout the plant. 

Herbicides ensure a convenient, economical, and effective 

way to help manage weeds. Weeds reduce the yield and 

originality of valuable commercial crops, ornamentals, 

forestry, and turf grass. Weeds also damage crops and 

other landscapes in a secondary way, serving as hosts for a 

variety of insects and fungi. However, the regular and 

endless use of herbicide carries risks that include 

environmental, ecological, and human health effects. It is 

important to understand both the benefits and 

disadvantages associated with chemical weed control 

before selecting the appropriate control.  

Herbicides can be classified several ways, 

including by weed control spectrum, labelled crop usage, 

chemical families, mode of action, application timing/ 

method, and others. Many factors determine when, where, 

and how a particular herbicide can be used most 

effectively. A common method of classifying herbicides is 

by their mode of action and target site. Herbicide mode of 

Action is related to herbicide treatment and is a step by 

step process.  Each herbicide mode of action (MOA) has a 

specific target site (TS) which is referred to as a 

mechanism of Action (MA). This is usually an 

enzyme/protein which is inhibited by the herbicide at  a 

molecular level. The MOA for some herbicides induces the 

generation of ROS in plants as secondary effects after the 

specific TS are sufficiently inhibited. Caverzan et al. 2019 

reports that after the active herbicide reach and inhibit the 

TS, a series of stress events are initiated by the signalling 
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of plant defense systems against perturbations. In this case, 

the oxidative stress generated is responsible for an 

important part of cellular and tissue damage. From total 

known groups of herbicides classified according to the 

mode of action, 71% of them are known to cause ROS 

overproduction after their target site inhibition.  

Globally, (Heap 2014) herbicides are the 

predominant method for controlling weeds in modern crop 

production, contributing to protecting the crop yield and 

economic profit. Cobb AH and Reade PHR et al. 2010 

reports that despite the inherent selectivity mechanisms 

that facilitate crop production, herbicides can cause some 

phytotoxicity to crop plants and cause reductions in leaf 

area index (LAI), shoot dry weight (SDW), plant height, 

and alterations in plant metabolism by generating ROS. 

Most of the perturbations caused by herbicide treatment in 

plants are related to ROS generation. Overproduction and 

accumulation of ROS results in metabolic disorders and 

can lead to the oxidative destruction of the cell. They also 

pointed that the response time for oxidative stress 

occurrence and visible plant damage varies with the 

herbicide mode of action, type of herbicide and 

formulation, plant species, development stage, and 

environmental conditions. For example, paraquat 

(photosynthesis inhibitor—PSI) damage could be observed 

from 2 hours after treatment under light conditions, and 

susceptible plants die from 3 to 7 days after. On the other 

hand, the first visible plant symptoms from glyphosate and 

plant death for susceptible species may occur around 5 

days and 7 to 15 days, respectively. Herbicide Resistance 

Action Committee (HRAC 2019) has classified some of 

the herbicides which show ROS production at some phase 

of their mechanism of action. Some of the herbicides kill 

plants by direct ROS production while others cause ROS 

production as a secondary effect. Table 1 gives the list of 

Herbicide chemical family which directly produce ROS 

upon action and which produce ROS as a secondary effect. 

 

Global Herbicide usage  

Herbicides are used to destroy weeds and are still 

the largest product type accounting for 47.6 % of global 

pesticide sales (Vats 2014) followed by insecticide 29.4 %, 

fungicide 17.5 % and others (5.5 %). According to Wenjun 

Zhang 2018, Global insecticides, herbicides, and 

fungicides & bactericides use and cost / benefit declined 

with time since 2007. Conversely, the cost/benefit of 

triazoles/diazoles and the use of triazoles/diazoles, plant 

growth regulators, and amides, have significantly 

increased since 2007. In his survey, he concluded that in 

case of herbicides the use of amides and other herbicides 

have continually increased since 1990. The use of 

triazines, urea derivates, uracil and bipiridils increased 

with time during 1990 and 2007, but bipiridils use declined 

since 2007. According to the Linear regressions and 

projection of global pesticide use made by him it shows 

that Tones of active ingredients of herbicides have been 

increased till 2014. Ascending trend was seen in herbicides 

Triazines, Amides, urea derivatives, Bipridils, uracil and 

other herbicides. Statistically significant regression was 

seen in amides and other herbicides during 1990-2007 and 

during 2007-2014. In the survey conducted in 2014, it was 

reported that amides is the most used herbicides, followed 

by phenoxy hormone products, bipridils, triazines, urea 

derivatives. In 2016, the registrations of the three major 

types of pesticides accounted for 92.4% of the newly 

registered in the year, and the registrations of fungicides & 

bactericides and herbicides exceeded that of pesticides, of 

which 774 were fungicides & bactericides, 749 were 

herbicides and 560 were insecticides. Fan 2017 reported 

that only 30-40% of pesticides directly act on target crops 

and pests. Therefore, if pesticides fully function without 

any waste, by using various accurate tools and methods, 

~0.18 to  ~0.24 g pesticide use (total) / kg crop production, 

or ~0.81 to ~1.08 kg / ha of pesticide use (total) are the 

most ideal indices for pesticide use (total) at the present 

crop yield levels and production conditions. From their 

report, the estimated cost / benefit (g herbicides use / kg 

crop production) for Brazil, Canada, France, Germany, 

Japan, Mexico, UK, and USA during 2017 -2020 are 

~1.05, ~0.80, ~0.30, ~0.25, ~0.41, ~0.35, ~0.20, and 

~0.45, respectively, and  the estimated  herbicides use 

during this period are ~3.4, ~2.1, ~2.1, ~2.1, ~4.1, ~1.6, 

~1.6, and ~2.0 kg / ha, respectively. 

 

II. EFFECT OF HERBICIDES ON NON 

TARGET SPECIES AND ENVIRONMENT 

Herbicides are the most widely used class of 

pesticides, accounting for more than 60 % of all pesticides 

applied in agriculture (Kniss AR 2017). An increasing 

number of epidemiological studies have suggested that 

current levels of exposure are associated with risks to 

human health, including chronic diseases, cancers, 

neurological deficits, birth defects, and reproductive 

disorders. Pesticides can produce adverse physiological or 

biological effects, with a variety of biochemical changes at  

the molecular, cellular, or tissue level. McCauley LA et al. 

2006 states that the most common biomarkers used to 

assess pesticide effects are related to DNA and RNA 

damage, modulation of gene expression, and oxidative 

stress. Study by Benbrook CM, 2016 reports that the 

widespread application of glyphosate to crops has spurred 

the spread of tolerant and resistant weeds in the US, and 
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worldwide, which in turn has created the need for more 

frequent applications at higher concentrations . In 2015, 

IARC classified glyphosate as  a “probable human 

carcinogen” (IARC 2016), although in the same year 

EFSA (European Food and Safety Authority) declared that 

“glyphosate is unlikely to pose a carcinogenic hazard to 

humans” (EFSA 2016) based on typical, expected 

exposures to the general public. Among the general 

population, the information available (Curwin BD et al. 

2007; Kruger M et al. 2014), suggests that mean levels of 

glyphosate in urine samples are generally below 4 μg/L. 

However, Acc to Varona  M et al. 2009 in areas where 

aerial spraying is administered, mean urinary 

concentrations in the population above the LOD can reach 

as high as 7.6 μg/L. Studies like Kongtip P et al. 2017 

shows that even expectant mothers, a population that 

typically avoids excess chemical exposure, can have serum 

glyphosate levels as high as 189 μg/L. Curwin BD et al. 

2005 detected glyphosate in the dust of both farming and 

non-farming households, indicating that this exposure 

extends beyond occupational settings. According to the 

EPA (Environmental Protection Agency) assessment the 

residues in food ranged from 100 μg/L in vegetables like 

tomatoes and pepper to 200,000 μg/L in peppermint and 

peppermint oils. 

Some herbicides may have lethal or sublethal, 

direct and/or indirect effects  (Moffett JO et al. 1972), on 

pollinators, whereas others do not appear to cause any 

effects. Herbicide such as paraquat is highly toxic to 

honeybees when applied topically Whereas when fed to 

honey bee colonies  (Morton HL et al. 1972), the herbicides 

2,4-D and 2,4-trichlorophenoxyacetic acid do not appear 

toxic to adult bees but can negatively influence brood 

development. Study done on microalgal species  (Prado et 

al. 2009) also reports adverse effects caused by paraquat 

on common fresh water green microalga. They have 

reported that paraquat induces alterations in the elemental 

and biochemical composition of non-target microalgal 

species. Despite the limited use, herbicide dicamba and 

2,4-D are often responsible for injury to non target plants 

but effects of these herbicides on insect communities are 

poorly understood. Study by Bohenblust EW et al. 2016 

reports that sublethal doses of dicamba approximating 

particle drift events can delay, reduce, or prevent flowering 

of plant species found in agricultural landscapes and lead 

to reduced visitation by pollinators.  Sublethal doses of 

dicamba (0.1–1% of the field application rate) caused 

delays and reductions in flowering of susceptible and agro 

ecologically significant plant species.  

Phenoxy acid (PA) herbicides often persist in the 

soil environment under natural conditions leading to 

leaching (Baelum J et al. 2012), in groundwater reservoirs. 

The herbicides reach the groundwater even though PA 

degraders are commonly found in natural soil 

environments. Silveyra GR et al. 2018 hypothesized that 

atrazine (a pre and post emergent weed controller) reduces 

the ovarian growth of Procambarus clarkii (female red 

swamp crayfish), presumably by interfering with the 

hormonal regulation of gonadal growth in females. The 

results indicate a clear inhibition of ovarian growth in 

crayfish exposed to atrazine, especially at the highest 

concentration used. Supporting the above results , Alvarez 

et al. 2015 reported a delay in ovarian rematuration of N. 

granulata with atrazine exposure, during the reproductive 

period. They have shown that atrazine was able to inhibit 

vitellogenin production in Procambarus clarkii females, via 

inhibition of its expression in both ovary and 

hepatopancreas, therefore reducing ovarian growth. On the 

other hand, atrazine produced higher titters of estradiol, 

which could have counteracted some of the inhibiting 

effects mentioned above, particularly in the 

hepatopancreas. Wetzel LT et al. 1994 also reported 

Atrazine  as a cause of formation of mammary gland 

tumours in female Sprague-Dawley rats, which implies 

that it may be carcinogenic. Remera, a French national 

birth defect agency, recently identified clusters of children 

born with malformed limbs in 3 rural regions in france. 

When they looked into the causes, they proposed that the 

limb malformations could result from exposure to 

environmental pollutants and toxins, which include 

pesticides & herbicides that are used in nearby farms 

(report by French national registry, March 2019). A study   

(Helen et al. 2018) on black grass reports that herbicides 

can no longer control the weeds that threaten the crop 

productivity and food security in UK because plants have 

evolved resistance and they found that the extent  o f 

herbicide resistance was primarily dictated by the 

historical intensity of number of herbicide applications.  

 

III. HERBICIDES AND INDUCTION OF 

OXIDATIVE STRESS 

In crops field, many herbicides are used to control 

weed, however, these toxicants can remain in the soil for 

long periods and can contaminate rivers and subterranean 

waters. Thus, these chemicals can promote several 

ecotoxicological and environmental effects  (Carla A et al. 

2018), as they elicit alterations on antioxidant system in 

non-target organisms, as on sensitive plants . Herbicides 

like fomesafen and sulfentrazone are inhibitors of 

protoporphyrinogen oxidase (PROTOX) system. Protox 

inhibition leads to generation of singlet oxygen through the 

action of protoporphyrinogen oxidase enzyme. This O2 in 
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the singlet state is responsible for peroxidation of lipids in 

cell membranes. As a cascade effect (Oliveira et al. 2002), 

free radicals are formed resulting in the degradation of 

lipids and proteins, leading to loss of chlorophyll, 

carotenoids and disruption of cell membranes. Various 

abiotic stresses like extreme temperatures, high winds, and 

droughts can lead to the overproduction of Reactive 

Oxygen Species (ROS) in plants, which are reactive and 

toxic causing damage to proteins, lipids, carbohydrates  and 

DNA, which ultimately results in oxidative stress (Gill and 

Tuteja 2010). Among the main enzymatic antioxidant 

defenses, are superoxide dismutase (SOD), ascorbate 

peroxidase (APX), guaiacol peroxidase (GPX) and 

catalases (CAT), which promote the control of ROS levels. 

Thus, the knowledge of role of SOD, APX, CAT and 

peroxidases enzymes defines the status of the antioxidant 

system, which is very important in the reduction of the 

levels of ROS in the cells (Apel and Hirt 2004), avoiding 

the oxidative stress promotion. The increase in SOD 

activity may be one of the possible reasons for an 

increased lipid peroxidation in plants treated with 

oxyfluorfen, while, as the activity of SOD increases, 

hydrogen peroxide levels also increase. SOD, considered 

the first line of defense against the damage caused by ROS 

(Wang et al. 2012), catalyzes the conversion of superoxide 

anion (O2-*) into H2O2 and O2 in chloroplasts, 

mitochondria, cytoplasm and peroxisomes .  

The herbicides pendimethalin and oxyfluorfen 

causes lower net photosynthesis, increase substomatic 

CO2, a lower water use efficiency and carboxylation.  

Langaro A.C. et al. 2017 reports that even selective 

herbicides registered for weed control in rice crops cause 

phytotoxicity, reduce height and alter the metabolism of 

plants, generating reactive oxygen species, activating 

enzymatic and non-enzymatic defense mechanisms and 

results in the degradation of photosynthetic pigments and 

in reduced protein content. Table 2 gives a brief overview 

of changes in antioxidant parameters in various 

experimental models after exposure to different herbicides. 

Generally, dysfunction in the antioxidant system results in 

establishment of oxidative stress, which could progress to 

lipid peroxidation.  

Study by Carla A et al. 2018 found that 

Fomesafen causes a significant decrease in CAT activity in 

V. sativa. R. sativus and L. albus, related to the herbicide 

concentration increase. On other hand, CAT activity 

increased significantly for A. sativa, with the increase of 

Fomesafen concentration. Herbicide sulfentrazone causes a 

significant decrease in GPX activity for A. Sativa (37%), 

R. sativus (89%), L. albus (95%), and V. Sativa. This study 

revealed the effect of herbicide exposure in the promotion 

of oxidative stress and response of antioxidant defense 

mechanism in species used as green manure. Decrease in 

the CAT enzyme activity, is directly related to the increase 

in the lipid peroxidation. Several studies  like (Agostinetto 

et al. 2016) demonstrated the effects of herbicides 

bentazon, clodinafop, iodosulfuron, metribuzin, 

metsulfuron and 2,4-D under Rhapanus sativus  which 

shows an increase in CAT activity. MDA accumulation in 

absolute values was observed in the treatments with 

metsulfuron and 2,4-D. Increasing fomesafen and 

sulfentrazone concentration (≥ 0.25 kg ha-1 and 0.6 kg ha-

1) induced increase in reactive oxygen species levels in the 

plant which could weaken the antioxidant defense system. 

Atrazine, a widely use herbicide, has been 

classified as a potential endocrine disruptor (Graymore M 

et al. 2001), especially for freshwater species. This report 

says that in waters adjacent to treated fields, as well as in 

groundwater, atrazine concentrations were as high as 1 

mg/L. Although this herbicide is not commonly absorbed 

in sediments (Jablonowski ND et al. 2011), the fraction 

associated to this substrate can be very significant. It is 

seen that mixture of atrazine with other pesticides such as 

glyphosate caused both lipid peroxidation and DNA 

damage (Santos and Martinez 2014) in several tissues of 

clams.  According to silverya GR et al. 2018 a metabolic 

effort (evidenced by the augmented lactate production), 

together with the increase of glutathione levels were 

observed, evidencing a clearly stressful effect of the 

herbicide. Thus, the role of antioxidant enzymes in stress 

situations is to control the accumulation of ROS (Sharma 

et al. 2012), limiting oxidative damage. Lipid peroxidation 

is one of the most investigated consequences of the actions 

of ROS on membrane structures  (Amri and Shahsavar  

2010), being one of the first responses to damage induced 

by stress in plant tissues. As for atrazine effects on 

antioxidant enzyme activities, sub-chronic exposure to an 

environmentally relevant concentration of atrazine (0.3 μg 

L-1) (Chromcova L et al. 2013), caused an increase in the 

activity of CAT, GPx, GST, and SOD in common carp 

embryos and larvae, whereas sub-chronic exposure to 

environmentally relevant concentration of atrazine-2-

hydroxy (0.66 μg L-1) did not affect their activities . In 

adult carp, Xing H et al. 2012 reported that a 40-day 

exposure to atrazine in concentrations  above 42.8 μg L-1 

resulted in a decrease in CAT, GPx, and SOD activities. In 

adult zebrafish (Danio rerio), a 28-day exposure to low 

atrazine concentrations, including the environmentally 

relevant 0.3 μg L-1 caused a decrease in CAT (Blahova J 

et al. 2013), but acc to Zhu LS et al. 2011 exposure to 

higher concentrations of atrazine (˃100 μg L-1) for 14 or 

21 days resulted in an increase in CAT and SOD activities 
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in the liver homogenate. Two studies in drosophilids 

(Torres C et al.1992; Marcus SR et al. 2016) observed 

developmental and genotoxic effects, which prompted 

Figuera et al. 2017 to expose the embryos (newly fertilised 

eggs) of the fruit fly Drosophila melanogaster to atrazine 

concentrations ranging between 10 and 100 μmol L-1 

through diet until they developed into adult flies. Larvae 

showed no changes in ROS levels, the adult flies did, so 

they concluded that redox imbalance must have been 

related to changes in metabolism after metamorphosis. In 

another study (Williams JR 2016), honeybees in a 

laboratory were exposed to atrazine concentrations ranging 

from 0.1 to 10 μg L-1 for 24 hours, whereas hives in the 

field were treated with 10 μg L-1 of atrazine a day for 28 

days. GPx and GST activities dropped, whereas MDA 

levels increased in both the laboratory and hive honeybees. 

In a number of studies (Singh M et al. 2010, 2011; Shirisha 

K and Mastan M  2013)  sub-chronic exposure to 300 mg 

kg-1 of atrazine increased the activities of CAT, SOD, 

GPX, and GST and decreased GSH levels in blood and 

liver. At doses from 25-200mg/kg (Abarikwu SO et al. 

2010) exposure to atrazine lowered CAT activity in rat 

testis.  

According to study done by Langaro A.C.et al. 

2017 on rice plants they found that  exposure of pre-

emergent herbicides oxyfluorfen and oxadiazon resulted in 

increased activity of superoxide dismutase & catalase 

enzymes compared to control. When evaluated ascorbate 

peroxidase activity, there was  a higher enzyme activity in 

plants treated with oxadiazon and pendimethalin. In order 

to keep ROS under control plants balance ROS & their 

antioxidant system. Thus, an efficient combination of 

SOD, CAT and APX would minimize the effects of 

oxidative stress, (Damanik et al. 2012) playing an 

important role in the regulation of ROS. 

Terbuthylazine (N2-tert-butyl-6-chloro-N4-ethyl-

1,3,5- triazine-2,4-diamine) has become the key triazine in 

Europe  (Sass JB. and Colangelo A. 2006) in the last two 

decades. It is also used as an aquatic herbicide (WHO 

2018) to control submerged and free floating weeds and 

algae in water courses, reservoirs, and fish ponds. 

According to the European Food Safety Agency (EFSA), it 

poses a high risk to non-target plants in the off field areas. 

EFSA has also warned about high toxicity of both 

terbuthylazine and its metabolite desethylterbuthylazine to 

aquatic organisms. This herbicide persists in the 

environment and has a tendency to easily move from 

treated soils to water compartments (Calderon MJ et al. 

2016; Stipicevic S et al. 2017) through runoffs and 

leaching. Very little is known about effects of 

terbuthylazine on oxidative stress parameters and 

antioxidant defence in mammals.  Furthermore, Acc to 

EEA 2011, s-triazines have been identified as substances  

hazardous to the aquatic environment and have been  

included in the EU Priority Pollutants List.  It is evident 

that environmentally relevant concentrations of 

terbuthylazine do not generally affect the oxidant/ 

antioxidant balance, but its metabolites do turned. In other 

environmentally relevant organisms  such as drosophila and 

honeybees (Tanja Z S et al. 2018), atrazine turned out to be 

more of a concern because of evident lipid peroxidation 

and antioxidant depletion.  

The mechanism of the toxic action of phenoxy 

herbicides, including 2,4-D and its metabolites (Bukowska 

B et al. 2008; Busi R et al. 2018), toward weeds is 

associated with the generation of ROS and lipid 

peroxidation. 2,4-D presence led to a decrease in fungal 

catalase activity, (given in Table 2) associated with a 

higher amount of thiobarbituric acid-reactive substances 

(TBARS). The higher TBARS level found in the U. 

isabellina biomass from 2,4-D cultures confirmed the 

induction of oxidative stress.  This phenomenon results 

from a disturbance between the generation of ROS and 

their removal by the antioxidant defense system. 

According to Busi R et al. 2018 susceptible plants treated 

with 2,4-D, production of H2O2 and reactive oxygen 

species leads to plant death. High levels of MDA were also 

observed in Escherichia coli strains exposed to the 

herbicide 2,4-dichlorophenoxyacetic acid. According to 

Balague et al. 2001 bacterial cells modify their membrane 

lipid molecules to avoid the toxic effects of the herbicide. 

This study demonstrated that bacteria exposed to 2,4-D 

may reduce membrane fluidity to withstand chemical 

injury; because of lipid–protein interactions, the transport 

processes of molecules may be diminished. Study 

(Duchnowicz P and koter M 2003) has shown that 2,4-D 

caused lipid peroxidation as well as  the increase in 

membrane fluidity at the 16 carbon atom of fatty acids and 

also hemolysis in human erythrocytes. Suwalsky M et al. 

1996 has also shown that 2,4-D disturbs phospholipid 

bilayer integrity which is essential for the proper condition 

of cell membrane. The authors postulated that 

morphological transformation of erythrocytes might be the 

result of specific oxidative transformation of membrane 

skeleton. 2,4-D leads to the formation of methemoglobin 

(Bukowska B et al. 1998) which is unable to transport 

oxygen. This conversion is associated with superoxide 

anion production (Mishra HP and Fridovich K 1972) and 

thereby with the formation of products such as hydrogen 

peroxide or hydroxyl radicals that may be derived from 

superoxide anion itself. 
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IV. CONCLUSION 

Different herbicides react differently on various 

non target species. These are very effective in managing 

the growth of weeds, known to cause lower growth and 

productivity in plants, but on the other hand these 

herbicides are known to cause ill effects and severe 

perturbations in non-target organisms. One mechanism 

which leads to environmental, ecological and human 

health risks is ROS imbalance. Antioxidant alterations 

generated in response to herbicide mode of action is 

responsible for an important part of cellular and tissue 

damage. In this review, I have tried to summarise the 

oxidative levels or antioxidant alterations caused by 

different herbicides in several non target species. In most 

of the studies it is noted that overdose or erratic application 

of herbicides leads to oxidative damage and alterations in 

antioxidant parameters . 
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Table 1: Herbicide chemical family which directly produce ROS upon action and which produce ROS as a secondary effect.  

(Herbicide Resistance Action Committee, Jan 2019) 

Direct ROS production ROS- secondary effect 

Triazines,  

Triazinones 

Uracils, Ureas 

Nitriles 

Benzothiadiazoles 

Phenyl- pyridazines 

Diphenyl ethers 

Phenylpyrazoles 

N-phenyl-phthalimides 

Oxadiazoles 

Thiadiazoles 

Triazolinones 

Pyrimidinediones 

Bipyridylium 

Isoxazolidinones 

Pyridazinones 

Pyridinecarboxamides 

Isoxazoles 

Triketones 

Pyrazoles 

Phosphinic acid 

Imidazolinone 

Sulfonylurea 

Sulfonamides 

Sulfonylaminocarbonyl- 

triazolinones 

Glycines 

Phenoxy  

Benzoic acid 

Carboxylic acid 

Phthalamates 

Semicarbazones 

 

Table 2: Effect of different herbicides on Antioxidant parameters in various experimental models. 

Herbicide Experimental 

model 

Exposure time & 

dose 

Antioxidant levels Reference 

Terbuthylazine Zebra fish 28days, >400μg/L ↓TBARS (1000μg/L) 

↓GR (700,1000 μg/L) 

↑GST (400,700 & 

 1000 μg/L) 

Plhalova et al. 2012 

Terbuthylazine 

-2- hydroxy 

Marbeled cray fish 

eggs 

62 days, 

(0.75-750μg/L) 

↓SOD (375,750 μg/L) 

↓TBARS (375,750 μg/L) 

∙CAT 

∙GR 

Koutnik et al. 2017  

Terbuthylazine- 

desethyl 

Fish-common carp 36 days, 

(1.80μg/L) 

∙CAT 

∙GSH 

↓GR 

↓SOD 

∙TBARS 

Velisek et al. 2016 

Terbuthylazine Rat 28 days, 

(0.004,0.4 

&2.9mg/kg) 

↓Plasma SOD (0.004 &0.4 

mg/kg) 

↓Plasma CAT(2.9mg/kg) 

↑Erythrocyte SOD (2.9mg/kg) 

↑GPx(0.4 mg/kg) 

Kisby GE et al. 

2009 

Paraquat Drosophilla 

melanogaster 

12h, 

(0.25μM-25mM) 

↑SOD 

↑CAT 

Krucek T et al. 

2015 

Atrazine Honey bees & hives 24h,(0.1-10μg/L) 

28days (10 μg/L) 

↓GPx 

↓GST 

↑MDA 

Willims JR 2016 
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Atrazine Rat Blood &liver 300mg/kg ↑CAT 

↑SOD 

↑GPx 

↑GST 

↓GSH 

Singh et al. 2010 & 

Shrisha K and 

Mastan M. 2013  

Atrazine Rat testis 25-200mg/kg ↓CAT Abarikwu SO et 

al. 2010 

Acetachlor/ 

Metachlor 

Soil Bacterial 

isolates 

62 & 620mM/ 

34 & 340mM 

(24h) 

↑CAT 

↑MDA 

P.F. Martins et al. 

2011 

2,4-D Mouse testis 14 days, 

(100,200mg/kg) 

↑MDA 

↓SOD 

↓CAT 

Zhang D et al. 

2017 

2,4-D Umbelopsis 

isabelina (fungus) 

24h,120h (100mg/L) ↓CAT 24h (34.43%), 120h 

(21.8%) 

↑TBARS( 38%) 

Bernat p et al. 2018 

2,4-D Gold fish liver 40 days ↑GSSG 

↓GSH 

Zhang et al.  2004 

2,4-D Gold Fish gills 96h, (1,10,100mg/L) ↑MDA 

↑SOD (29 & 35% at 10& 

100mg/L) 

↑CAT (41% at 100mg/L) 

↑GPx (19-33%) 

↑GSSG (49% at 100mg/L) 

↓GSH (20% at 100mg/L) 

T. M. Atamaniuk et 

al. 2013 
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