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Abstract
Glyphosate is a non-selective herbicide that has adverse effects on non-target organisms. This present
study investigated the toxic effects of glyphosate on earthworms and the potential of antioxidant-rich
plants, Ocimum gratissimum and Telfairia occidentalis remediate these effects. Earthworms (Eisenia
fetida) were placed into four groups and treated with concentrations of 1, 2 and 3% glyphosate in soil.
The last group was a control group. The worms were collected on the 3rd, 7th and 14th, days post-
exposure. During these intervals, the weight of the worms and activities of antioxidant enzyme -
superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), malondialdehyde (MDA) were measured
to determine the level of antioxidant responses. Furthermore, the percentage of DNA fragmentation was
measured to assess the level of DNA damage. Compared with the control group, earthworms exposed to
glyphosate and fed with Ocimum gratissimum and Telfairia occidentalis showed varying responses, with
increased activities of CAT, SOD, GSH and reduced levels of MDA. Also, decreased fragmented DNA was
observed in earthworm groups fed with Ocimum gratissimum and Telfairia occidentalis in comparison
with the group treated exclusively with the herbicide. These results suggest that toxicity from glyphosate
exposure significantly reduced oxidative damage, lipid peroxidation and DNA damage in Eisenia fetida by
the antioxidant-rich plants. It is conceivable that soil organisms could suffer a significant mortality when
exposed to high concentrations of glyphosate. The cultivation of these plants should be encouraged
while caution should be exercised in the use of the herbicides.

Introduction
Eisenia fetida is an important worm in scientific and agricultural processes. Its physiological features and
environmental importance have been extensively reported in literature (Domínguez et al. 2010; Georgescu
et al. 2011; Dedeke et al. 2016; Owagboriaye et al. 2016). Eisenia fetida is an earthworm specie with rapid
growth (Pelosi et al. 2009), fast reproductive rates (Ansari and Saywack 2011), and it is potentially
utilized for management of waste-products rich in microbial biomass (Domínguez et al. 2010).
Furthermore, Eisenia fetida has a beneficial impact on many habitats, such as soil formation, soil
structure, moisture regulation, nutrient cycling, cultural processes, climate regulation, pollution mitigation,
and primary production (Blouina et al. 2013). The use of Eisenia fetida as sentinel organisms in
environmental science, in comparison to other earthworm species, is due to the adaptability and strength
of Eisenia fetida to a wide variety of environmental conditions, thus making it an ideal choice for
laboratory-scale experiments.

Glyphosate, or N-(phosphonomethyl) glycine is a broad spectrum herbicide, used to destroy both
broadleaf plants and grasses. Glyphosate was first recorded by Monsanto (Roundup) (Athanasios 2018).
The herbicide blocks the production of proteins and compounds required for plants defense (Krüger et al.
2013). The efficacy of glyphosate is dependent on the disruption of the shikimic acid mechanism of
enolpyruvylshikimate phosphate synthase (EPSPS). In Nigeria and other countries, it is a famously used
as a weed-killer (Best-Ordinioha et al. 2017).
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The possible secondary target impacts of glyphosate on terrestrial species, is of great interest among
researchers (Mijangos et al. 2009). Glyphosate has been discovered to have significant effects on
earthworms (Marleena et al. 2019), it has been reported to hinder the enzymatic activities in earthworms
(Gaupp-Berghausen et al. 2015). According to Correia and Moreira (2010), growth of the earthworms
decreased significantly on exposure to glyphosate. Also, biological features of earthworms, such as
behavior, growth and reproduction were also negatively impacted due to glyphosate exposure (Li et al.
2010).

Hydroxyl species, superoxide species, and unsaturated oxygen species are the extremely reactive free
radicals continually formed within stable living cells. They are collective referred to a reactive oxygen
species (ROS). Reactive oxygen species (ROS), can alter detoxification enzyme activity leading to lipid
peroxidation in cellular membranes or generating DNA damage (Lin et al. 2012; Zhu et al. 2011).

Cells generate antioxidant management techniques to prevent uncontrolled proliferation of these free
radicals, which regulate the many required and beneficial free radicals present (Olorunfemi et al. 2014).
Antioxidants can be found in all biotic cells, preventing damage from reactive oxygen species (ROS). The
antioxidant system represses and controls the production of excessive free radicals when operating
correctly, allowing the regulation of the metabolism of oxidative energy. Oxidative stress occurs when the
cells of living organisms are unable to effectively and combat or manage unbalanced reactive oxygen
species (Tan et al. 2018). Many biological catalysts, like catalase, and glutathione processes, are present
in living system needed to ensure life. They tend to regulate and facilitate the proliferation, of oxidative
stress, and subsequently the radicals responsible for the disorder in the tissues of organisms (Manoj et
al. 2009).

Rich sources of antioxidants are mainly fruits and vegetables. In this study, we tested the mitigating
potentials of two antioxidant-rich plants, Ocimum gratissimum (Scent leave) and Telfairia occidentalis
(Ugu) on the earthworm (Eisenia fetida) exposed to varying concentrations of glyphosate.

Materials And Methods

Collection and Maintenance of Earthworms:
Earthworms were collected and carefully carried within an hour of collection to the laboratory in a moist
soil sample. They were placed in plastic-pots (diameter: 25cm, length: 30cm) punctured at the bottom
and perimeter (for easy drainage and aeration) and packed with soil acquired from a fertile field with no
history of herbicide use was utilized for this experiment. At the initial stage during acclimatization, the
earthworms were fed crushed egg shells, and the soil was watered every 48 hours to field capacity; 100ml
of water per pot, to avoid excessive moisture content and water logging and this was continued during
the course of the experiment. After 48 hours, the worms were extracted from the pots and kept on a moist
filter-paper to rid the earthworms of their intestinal contents.
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Experimental Design:
The experiment was designed in line with studies conducted by Gaupp-Berghausen et al. (2015) with
slight changes. A total of 120 earthworms were used for this experiment. The number of earthworms
introduced per pots was according to the description of Edwards and Bohlen (1996) which suggested
that an average of >300 worms occupy a square meter of soil. The earthworms were divided into 10
groups, ten earthworms per pot, three replicates and thirty earthworms per group. The antioxidant-rich
plants were made available as detritus in a combination of broken egg shells and the earthworms were
fed every 48hours, by mixing the feed combination with the soil. The earthworms were acclimatised for
14 days in the laboratory at room temperature (23±1°C) as described by Heimbach (1984). After
acclimatization, three concentrations of glyphosate – 1, 2 and 3 percent of glyphosate, which contained
glyphosate concentration of 360g/L (Hebel Enge Biotech Co. Ltd) was applied twice. The worms were
divided into four groups with varying concentrations per group, Group A: Control, only food and water;
Group B: 1% glyphosate + Ocimum gratissimum (Scent Leaf); Group C: 2% glyphosate + Telfairia
occidentalis (Ugu Leaf) and Group D: 3% glyphosate and food alone. The experiment lasted 14 days.

Determination of Worm Weight
To determine their average weight, the earthworms were weighed together on a weighing scale. The
average weights of the worms were taken and recorded at the start of the experiment. The weights were
further taken on days 3, 7 and 14. They were subsequently washed with distilled water, desiccated with
moist filter-paper and after weighing, introduced into each bucket. Upon release, the earthworms
burrowed directly into the soil.

Oxidative Stress Assays
The earthworms were collected from each pot on days 3, 7 and 14 respectively after exposure.
Afterwards, they were properly washed with distilled water and saline to eliminate residual soil contents.
0.2 grams of the earthworm tissue was cut and subsequently homogenized in a solution of 1.8ml
homogenizing buffer (50mM Tris-Hcl, 1.15% KCl, pH 7.4) for the antioxidant enzyme analysis. 

Lipid Peroxidation Analysis
Lipid peroxidation of the earthworm body was determined using the method of Gagne (2014). Lipid
peroxidation in the formation of thio-barbituric reactive substances (TBARS) was calculated by
combining 1000μl TCA (20%) and 2000μl TBA (0.675%) with 0.5 ml tissue supernatant and then heated
at 100oC for 1 hour. After cooling, the precipitate was extracted for 5 minutes by centrifugation at 3500 X
g and the absorbance was measured at 535 nm. The unit / mg protein lipid peroxidation was measured
with a coefficient of molar-extinction of 1.54 X 105 M /cm.
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Analysis of Catalase Activity
Catalase (CAT) activity was analyzed in the earthworms using the Beers and Sizer (1952) technique with
a slight modification. The reaction mixture was prepared into quartz spectrophotometer cuvette. H2O2

was prepared with PO4 buffer; 100μl of tissue homogenate was added to 1.9 ml of 30mM of H2O2

substrate. The absorbance of the sample was read at time zero (A0) and after 1 minute (A1) at 240 nm.

 Analysis of Superoxide-dismutase (SOD) Activity
The analysis of Superoxide dismutase (SOD) in earthworms was done following the method of Valeska
et al. (2009). The function of superoxide-dismutase was analyzed by its potential in the inhibition of
epinephrine auto-oxygenation. 2.95 ml of 0.05 M Na2CO3 buffer pH 10.2, 0.02 ml of tissue supernatant
and 0.03 ml of epinephrine in 0.0025 N HCl were used in the reaction mixture (3ml) to start the reaction.
The reference cuvette had a buffer of 2.95 ml, a substrate of 0.03 ml (epinephrine) and 0.02 ml of H2O. By
measuring the absorbance shift at 480 nm for 60 seconds, enzyme activity was calculated.

Analysis of Glutathione (GSH) Concentration
GSH analysis was conducted in according to the method of Blume et al. (1975). In a test tube, 500 μL of
homogenized tissue was pipetted into 4000 μL of 0.08N sulphuric acid (H2SO4) and carefully mixed and
left for 10 mins at room temperature. 500 μL of tungstate mixture was then pipetted to the precipitated
protein. The bottle was covered and the solution was agitated thoroughly for 300 seconds. The mixture
was kept for 120 seconds at 20-22OC. Then, the solution was centrifuged at 860 rpm for 20 minutes. In
2500 μL of tris-buffer, two millilitres of the clear extract were pipetted, then 200 μL of DNTB reagent was
applied. By using 2000 μL of water instead of homogenized tissue, a reagent blank was also prepared.
The colour was produced after 30-60 seconds and the optical-density was calculated at 412 nm.

DNA Fragmentation Assay
DNA fragmentation analysis was carried out according to Ibrahim et al. (2013). The earthworms were
collected per pot on days 3, 7 and 14 after exposure. Afterwards, they were properly rinsed with distilled
water and saline to remove residual soil contents and weighed. 100 milligrams of the earthworm tissue
was cut, and subsequently digested in a solution of 1000 μL buffer (10 mM Tris-HCl, pH 7.4, 10 mM
EDTA, and 0.5% Triton × 100). Then the solution containing the earthworm tissues were incubated in an
ecotherm at 56°C for 12 to 18hr in tightly capped tubes. After which, the remaining unused tissues were
stored in a saline solution and refrigerated to preserve the harvested earthworm tissue for further
analysis.
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Tissues are lysed in 1000 μL buffer (10 mM Tris-HCl, pH 7.4, 10 mM EDTA, and 0.5% Triton × 100). 500
μL of 25 percent TCA was pipetted separately into tubes containing the complete DNA pellets (marked P)
and the smaller particles of DNA supernatants (marked S). Both tubes are allowed to sit overnight at 4°C,
and precipitated DNA is acquired through centrifugation. Each tube is further treated with 80 μL of 5%
TCA, afterwards a heat treatment at 90°C for 15 min is implemented. 1000 μL newly prepared
diphenylamine (DPA) reagent is treated differently into each sample, tubes and are allowed to stay
overnight at 20-22oC, and optical density is set at 600 nm. DNA fragmentation was calculated as follows:

% DNA fragmentation = [S/ (S + P)] * 100 where S is Supernatant and P is Pellet. The intensity of
extracted DNA was also calculated using Image J software. 

Statistical Analysis
Statistical analysis was conducted using GraphPad Prism version (8.0.2) for windows. Mean values of
the parameters were compared between the exposed earthworm groups and the control group using One-
way ANOVA. P-value less than (<) 0.05 was considered to be statistically significant.

Results

Effect of Herbicide on Weight of Earthworms
The average weight of earthworms in response to glyphosate exposure are as presented in Table 1. On
day 0, there was no significant difference (P > 0.05) in weight in groups A-D. Groups B and C showed a
significant difference (P < 0.05) in weight on days 3 and 7 in comparison with the control. Furthermore,
group D showed a significant difference (P < 0.05) in weight on days 7 and 14 in comparison with the
control. There was no significant difference (P > 0.05) between groups A, B and C on day 14.
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Table 1
Average Weight (grams) of earthworms on exposed and unexposed of before and after 3, 7, and 14 days.

Treatments Days

0 3 7 14

Control (A) 10.94 ± 
0.20a

9.84 ± 
0.19a

10.94 ± 
0.19a

10.44 ± 
0.19a

Ocimum gratissimum + 1% Herbicide
(B)

10.02 ± 
0.24a

8.14 ± 
0.34b

9.34 ± 0.37b 10.65 ± 
0.32a

Telfairia occidentalis + 2% Herbicide
(C)

9.89 ± 0.29a 7.79 ± 
0.28b

8.99 ± 0.28b 10.30 ± 
0.30a

3% Herbicide alone (D) 9.89 ± 0.63a 8.79 ± 
0.63a

7.59 ± 0.60b 6.290 ± 
0.61b

Values with the same letters show no significant difference (P > 0.05).

Effects of Herbicides on antioxidant enzymes

Catalase
The activity of catalase in the earthworms are presented in Table 2. The group exposed to herbicide and
Telfairia occidentalis showed a significant difference (P < 0.05) in catalase activity on day 3 in
comparison with the control. Furthermore, only the group exposed exclusively to herbicide showed a
significant difference (P < 0.05) in the activities of the enzyme on days 3, 7 and 14 in comparison with the
control and other groups. There was no significant difference (P > 0.05) between groups A and B
throughout the treatment period.

Table 2
Activity of Catalase (µmol/g tissue) in the earthworms across the four treatment groups.

Treatments Days

  3 7 14

Control (A) 0.124 ± 0.01a 0.210 ± 0.02a 0.137 ± 0.01a

Ocimum gratissimum + 1% Herbicide (B) 0.125 ± 0.01a 0.182 ± 0.02a 0.126 ± 0.01a

Telfairia occidentalis + 2% Herbicide (C) 0.028 ± 0.02b 0.235 ± 0.04a 0.144 ± 0.01a

3% Herbicide alone (D) 0.021 ± 0.01b 0.018 ± 0.02b 0.010 ± 0.03b

Values with the same letters show no significant difference (P > 0.05).
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Superoxide dismutase
The activity of superoxide dismutase in the earthworms are presented in Table 3. All the treatment groups
showed a significant difference (P < 0.05) in SOD activity on all the days in comparison with the control.
However, there was no difference in SOD activity among the three treatment groups throughout the
exposure period.

Table 3
Activity of superoxide dismutase (U/mg Protein) in the earthworms across the four treatment

groups.
Treatments Days

  3 7 14

Control (A) 320.5 ± 52.28a 328.2 ± 59.80a 325.2 ± 61.20a

Ocimum gratissimum + 1% Herbicide (B) 512.3 ± 156.4b 568.4 ± 65.49b 592.6 ± 69.50b

Telfairia occidentalis + 2% Herbicide (C) 540.7 ± 81.67b 586.1 ± 117.60b 564.5 ± 74.20b

3% Herbicide alone (D) 425.0 ± 28.42b 473.1 ± 88.53b 630.5 ± 231.4b

Values with the same letters show no significant difference (P > 0.05).

Glutathione
The concentration of glutathione in the earthworms are presented in Table 4. All the treatment groups
showed no significant difference (P > 0.05) in glutathione concentration on day 3 in comparison with the
control. However, only the group exposed exclusively to herbicide showed a significant difference (P < 
0.05) in concentration of GSH on days 7 and 14 in comparison with the control and other groups. There
was no significant difference (P > 0.05) between groups A, B and C throughout the treatment period.
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Table 4
Concentration of glutathione (GSH) U/g tissue in the earthworms across the four treatment

groups.
Treatments Days

  3 7 14

Control (A) 0.013 ± 0.002a 0.017 ± 0.001a 0.017 ± 0.001a

Ocimum gratissimum + 1% Herbicide (B) 0.015 ± 0.001a 0.019 ± 0.001a 0.021 ± 0.002a

Telfairia occidentalis + 2% Herbicide (C) 0.017 ± 0.002a 0.020 ± 0.001a 0.023 ± 0.002a

3% Herbicide alone (D) 0.025 ± 0.002b 0.034 ± 0.001b 0.035 ± 0.001b

Values with the same letters show no significant difference (P > 0.05).

Lipid Peroxidation (MDA)
The levels of lipid peroxidation in the earthworms are presented in Table 5. The groups exposed to
herbicide and Ocimum gratissimum as well as herbicide and Telfairia occidentalis showed a significant
difference (P < 0.05) in levels of MDA in comparison with the control on day 7. Furthermore, the group
exposed exclusively to herbicide showed a significant difference (P < 0.05) in the levels of MDA on days 3,
7 and 14 in comparison with the control. There was no significant difference (P > 0.05) between groups A,
B and C on days 3 and 14 of the treatment period.

Table 5
Levels of lipid peroxidation (nMol/g Tissue) in the earthworms across the four treatment groups.

Treatments Days

  3 7 14

Control (A) 5.068 ± 0.801a 5.575 ± 0.972a 5.013 ± 0.282a

Ocimum gratissimum + 1% Herbicide (B) 6.169 ± 1.154a 6.857 ± 0.411b 6.370 ± 0.446a

Telfairia occidentalis + 2% Herbicide (C) 6.247 ± 0.789a 6.859 ± 0.664b 6.239 ± 0.622a

3% Herbicide alone (D) 8.961 ± 1.113b 7.230 ± 0.602b 8.590 ± 1.121b

Values with the same letters show no significant difference (P > 0.05).

Percent of DNA Fragmentation
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The percent of DNA fragmentation in the earthworms are presented in Fig. 1. The group exposed to
herbicide and Telfairia occidentalis showed a significant difference (P < 0.05) in the % DNA fragmentation
on day 3 in comparison with the control. Furthermore, only the group exposed exclusively to herbicide
showed a significant difference (P < 0.05) in the % DNA fragmentation on days 3, 7 and 14 in comparison
with control and other groups. There was no significant difference (P > 0.05) between groups A and B
throughout the treatment period. The intensity of DNA as calculated using Image J software is as
presented in Table 6. 

Table 6
 

Treatments Days

3 7 14

Control (A) 4370.63 ± 
58.34a

29596.52 ± 
1150.14a

29555.48 ± 
640.52a

Ocimum gratissimum + 1% Herbicide
(B)

2367.27 ± 
540.27b

9877.97 ± 187.63b 16444.1 ± 
621.05b

Telfairia occidentalis + 2% Herbicide
(C)

1876.24 ± 
144.83c

7903.764 ± 
214.75b

16216.57 ± 
329.53b

3% Herbicide alone (D) 2769.61 ± 
175.95b

18882.98 ± 
1681.53c

25545.74 ± 
438.19c

Discussion
The weight of earthworms was a more susceptible cue in comparison to mortality when evaluating the
toxicity of glyphosates on soil organisms (Shahla and Doris 2010). The results in Table 1 shows that on
day 14 the groups fed with Ocimum gratissimum and Telfairia occidentalis had an increase in weight in
comparison to the group fed exclusively with herbicide. Various research on the detrimental effects of
glyphosate on earthworm development have previously been reported. Result from this study are in line
with studies performed by Krishan and Pooja (2018), which found that earthworms exposed exclusively
to glyphosate showed weight reduction. On the contrary, the experiment revealed that the groups fed with
antioxidant-rich plants had an improvement in body weight, indicating that Ocimum gratissimum and
Telfairia occidentalis had a beneficial effect on the body weight of earthworms.

Catalase (CAT) is a natural enzyme that is found every oxygen-exposed living organism. It is a very
significant enzyme in the defense of the cell from ROS oxygenated damage. According to the results
(Table 2), the activity of CAT increased in group B. The enhancement in CAT activity of Groups B and C
can be attributed to an increase in the amount of the antioxidant-rich plants that occurred as an adaptive
feature for sustaining the hydrogen peroxide level (Liu et al. 2011).
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SOD defends in resistant to superoxide radical (02
−), which destroy cells and its biological complex. From

Table 3, it was observed that the group B group had the highest activity of SOD, followed closely by the
group C group, while the herbicide alone group recorded the least values of SOD activity among the three
treatment groups when compared with the control throughout the experiment. These results were in
accordance with studies carried out by Ighodaro and Akinloye (2018). In the group treated with herbicide
alone, the decreased SOD activity is related to excessive generation of ROS resulting from glyphosate
exposure at a concentration of 3%. The presence of antioxidant-rich plants would have helped to reduce
the inhibition of SOD activity. H2O2 is an important end-product of SOD reaction and is poisonous to cells
(Ighodaro and Akinloye 2018).

Overall, the antioxidant enzymatic biomarkers, CAT and SOD, play essential roles in destroying oxygen
and hydrogen peroxide species effectively. This current experiment, show the presence of the two
biomarkers were elevated in the groups fed with the antioxidant rich plants under glyphosate influenced
conditions after 14 days of exposure. The results can be broken into two cycles on the basis of the
observed differences in the antioxidant enzyme activities. The first cycle of effects (group B and C), the
stimulation or increased presence was recorded in the two biomarkers, which showed that SOD and CAT
activities are positively influenced by both Ocimum gratissimum and Telfairia occidentalis and these
enzymes showed a cooperative role to shield cellular lipids from oxidative stress due to glyphosate
exposure. The second cycle of effects, showed that the activities of CAT in the group treated with
herbicide alone reduced to concentrations much lower than that of the control group. This may be due to
the fact that high glyphosate concentrations (3%) have activated the antioxidant mechanism to scavenge
oxidative species, or that the amount of reactive species released by glyphosate has obviously impaired
the metabolism of the earthworm after 14 days of exposure. This phenomenon is in accordance with (Liu
et al. 2011). In addition, SOD enzyme inhibition would result in a decrease in the activity of the CAT
enzyme due to a decrease in the production of hydrogen peroxide from SOD activities (Liu et al. 2011).
For the successful elimination of oxidative radicals from tissues, the equilibrium between these enzymes
is essential (Ifemeje et al. 2015). Therefore, because of the aggregation of superoxide radicals and
hydrogen peroxide, a reduction in the activity of these enzymes can lead to a variety of damaging
impacts. The administration of antioxidant-rich plants results in the increase to near-normal values of
these enzymes, thereby defending the tissues against oxidative damage.

Glutathione is an important non-proteinaceous thiol in biotic organisms and plays a key role in organizing
the antioxidant protection mechanism of the earthworm (Aquilano et al. 2014). Glutathione anchors a
vital role in the scavenging of cellular radical oxygenated species (such as H2O2, O2 and OH) as part of
the cellular first layer defence system that shields organisms from oxidative stress (Forman et al. 2009).
According to Lu (2013), an increase is often indicative of initiation of cellular defense mechanism in
response to increasing concentration of free radical in the cell while a decrease may indicate an overrun
of the antioxidant defense. Earthworms treated with both Ocimum gratissimum and Telfairia occidentalis
showed significant restoration of GSH content in their tissues. The elevated GSH content in the tissues
indicates that the GSH-dependent detoxification of free radicals could be responsible for protecting
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membrane tissue. Administration of Ocimum gratissimum and Telfairia occidentalis increased the levels
of GSH in glyphosate exposed earthworms. Both Ocimum gratissimum and Telfairia occidentalis
possess antioxidant properties as reported extensively in literature (Okonkwo and Njoku 2011).

Lipid peroxidation is a process caused by free radicals that results in oxidative degradation of
polyunsaturated fatty acids. Low lipid-peroxide amounts are found in earthworm tissues under
physiological conditions (Owagboriaye et al. 2020). In previous research, lipid peroxidation has been
utilized as a biomarker to observe the influence of toxins (HHCB and Triclosan) on earthworms (Lin et al.
2010; Liu et al. 2011). Glyphosate-induced cellular damage mechanisms have been documented to be
related to the variability of the cell membrane due to lipid peroxidation (Chen et al. 2011). In the present
study, a rise in the levels of lipid peroxidation in glyphosate-induced earthworm tissue was observed. The
results agrees with studies carried out by Zhang et al. (2013) on the effects of fomesafen on earthworms.
Additionally, the observed increase in the MDA levels can be due to the exposure of the earthworms
exclusively to the herbicide, resulting in the formation of excessive ROS. Lipid peroxidation resulting from
the lipid reaction of free radicals is considered an essential aspect of cell damage triggered by a free
radical attack (Liu et al. 2010). Increased lipid peroxidation has long been known to induce functional
degradation of different tissues (Ifemeje et al. 2015). Therefore, tissue destruction that leads to
complications can be directly due to increased oxidative stress. Administration of Ocimum gratissimum
and Telfairia occidentalis, in our study, significantly decreased the concentration of lipid peroxidation and
hydro-peroxides in groups B and C.

It is necessary to recognize any possible interactions between glyphosate and earthworm DNA in a
sensitive way. Fragmentation of DNA is one of the hallmarks of apoptotic cell death (Kaczanowski et al.
2011). Particular significance has been acquired by the analysis of the genotoxic impacts of treated soil
herbicides and their leachate, particularly in the case of constant exposure due to repetitive applications.
Therefore, genotoxic effect will result in major disruptions in one or more generations attributable to
glyphosate (Silvana et al. 2018). Some herbicides have also been shown to cause the development of
reactive oxygen species (ROS) that could be involved in the creation of single-strand DNA breaks and
chromatin cross-linking (Silvana et al. 2018; Kaczanowski et al. 2011). The elevated DNA fragmentation
can be related to increased oxidative stress induced by glyphosate. This lipid peroxidation is ultimately
responsible for the initiation of DNA fragmentation (Li et al. 2010). It can be observed from Fig. 1 that
there was significant fragmented DNA in glyphosate-exposed worms in comparison with the control. Also,
results observed from the Image J analysis showed that DNA intensity was higher in the control groups
compared with the glyphosate-exposed groups all through the period of the experiment. DNA intensity in
the group exposed to only the herbicide was higher on days 7 and 14 compared to day 3. Also, the DNA
intensity for this group was higher than in groups B and C. It may mean that while the antioxidant-rich
plants prevented too much DNA damage in the earthworms in groups B and C, in group D, DNA repair
occurred as the exposure progresses. According to Morales et al. (2016), cells have multiple DNA repair
mechanisms that compete with one another for the repair strand breaks.
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In conclusion, this study showed that the antioxidant-rich plants, Ocimum gratissimum and Telfairia
occidentalis were efficient in protecting earthworms against oxidative stress from glyphosate exposure
while also alleviating weight loss which occurred as a result of the exposure of the earthworms to
glyphosate. This was observed in the increased activities of catalase (CAT), glutathione (GSH) and
superoxide dismutase (SOD) and lower levels of Lipid peroxidation (MDA) in the tissues of the
glyphosate-exposed earthworms in comparison with the unexposed group.
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Figures

Figure 1

Percent of DNA fragmentation in earthworms across the treatment and control groups from day 3-14.


