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HIGHLIGHTS

The study investigated the separate and combined effects of nanoplatics and
glyphosate on earthworms.

Acetylcholinesterase activity was inhibited in brain tissues of earthworms by
combined exposure of nanoplatics and glyphosate.

Reactive oxygen species and Malondialdehyde content increased with increasing
the time period.

Antioxidant enzymes (SOD and CAT) are significantly reduced after the exposure
of nanoplatics and glyphosate.

Combined exposure of both contaminants showed the increase in DNA damage of
earthworms.

Histopathological alterations included enlarged cell space, cell lysis and irregular
nucleus size were observed across all sampling intervals.

These findings may provide valuable insights for future studies on the
toxicological effects of nanoplastics and glyphosate in soil ecosystems, enhancing

our understanding of their potential interactions with other contaminants.
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ABSTRACT

Background: The widespread presence of microplastics/nanoplastics (MPs/NPs) in both
aquatic and terrestrial ecosystems, along with their associated ecological consequences, has
gained worldwide attention. Nanoplastics (NPs) have a broad distribution across diverse
environments, including soil, and are recognized for their harmful effects on soil organisms.
Nanoplastics have garnered worldwide attention owing to their extensive presence in the
environment and their capacity to penetrate biological barriers. Glyphosate (GLY') stands out
as the most extensively utilized organophosphorus herbicide in agriculture. The simultaneous
presence of microplastics/nanoplastics alongside other environmental pollutants has prompted
an increased emphasis on their co-occurrence and interactive toxicity. Nanoplastics and
glyphosate often coexist within the soil environment. The primary objective of this study was
to investigate the extensive toxicological impacts of NPs and GLY on earthworms.
Methodology: This study attempted to explore the chronic impacts arising from the separate
and combined exposures of polystyrene nanoplastics (PSNPs) concentration (12.5 mg/kg) and
glyphosate (GLY) concentration (26 mg/kg) on the earthworms over a period of 28 days.
Earthworms are highly important for soil health and functioning. In a 28 day chronic toxicity
test, 300 earthworms were exposed to different concentrations of nanoplastics and glyphosate
over 7, 14, 21, and 28 days, divided into three treatment groups and a control group. Samples
were collected at 7-day intervals, with 11 earthworms sacrificed per treatment. Tissues from
the brain, intestine, and other organs were stored for analysis, and histopathology was
examined using formalin-preserved intestinal tissues. The experiment was conducted in
triplicates using natural soil as the substrate. Biochemical parameters, including AChE activity,
ROS, MDA, antioxidant enzyme levels, DNA damage, and histopathological changes, were
evaluated.

Results: The activity of acetylcholinesterase (AChE) in earthworms was suppressed by both
nanoplatics and glyphosate, resulting in an excessive accumulation of acetylcholine within the
synaptic space ultimately inducing neurotoxic effects. The combined treatment resulted in a
greater inhibition of AChE compared to the individual treatments. Exposure to nanoplatics and
glyphosate can initiate a process where the production of reactive oxygen species (ROS)
triggers the release of more ROS within the earthworm, and increased malondialdehyde content
(MDA). The combined exposure to nanoplatics and glyphosate led to increased levels of ROS
and MDA content at all sampling intervals compared to individual exposures. Antioxidant

enzymes (SOD and CAT) activity decreased significantly with increasing exposure time. The

viii



combined exposure to nanoplatics and glyphosate significantly reduced the activity of SOD
and CAT compared to the individual groups. Nanoplatics and glyphosate caused DNA damage
by a substantial increase in tail moment and tail length at all sampling intervals by combined
exposure of glyphosate and nanoplatics as compared to individual treatments.
Histopathological alterations in intestine were most significant and caused irregular cell shape,
enlarge nucleus and cell lysis. The combined exposure to nanoplatics and glyphosate results in
more pronounced alterations than the individual treatments.

Conclusion: These pollutants disrupt the integrity of the intestinal cell membrane in
earthworms. This study revealed that earthworms exposed to specified doses of nanoplastics
and glyphosate exhibit synergistic effects. Furthermore, this study contributes toxicity data

relevant to soil invertebrates and nontarget terrestrial organisms.

Keywords: Earthworms, Polystyrene nanoplastics, Glyphosate, Co-occurrence,
Coexposure, Oxidative stress, DNA damage
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1. INTRODUCTION

1.1.  Unveiling the Sources of Plastics

Concern over the prevalence and permanence of plastic contamination in the environment is
growing among scientists and the general population. The global production of plastic is
projected to reach 33 billion tons by 2050, showing a significant increase from the 359 million
tons recorded in 2018 and 2019 (Plastics Europe). Over time, the plastic debris breaks down
into microscopic fragments that are typically classed as macroplastics (>2cm), mesoplastics (5-
10mm), microplastics (>5 mm), and nano plastics (<1 mm) based on their size (Gigault et al.,
2018; Blettler et al., 2017). Plastics' malleability enables the production of solid objects in a
variety of forms and dimensions. Different synthetic or partially synthetic organic polymers
are used to create them. Plastics have been employed in a variety of products due to their

adaptability, strength, and affordability.

Road litter, illegal solid waste dumping, landfills from municipalities and industry, wastewater
irrigation, home sewage, and mulching (an agricultural practice) are the main contributors to
plastic pollution (Peng et al., 2019). Discharged plastics are continually broken down by
mechanical processes, particularly in oceans, until they are reduced to micro and nanoparticle
levels (Enfrin et al., 2020). According to nanoplastics (NPs) has a minimum dimension of 100
nm, while microplastics (MPs) have a minimum dimension of less than 5 mm (Costa et
al.,2019; NOAA et al., 2015). The landfill's soil can store large amounts of MPs and NPs and
act as a long-term sink for plastic (Huang et al., 2019). Soil is especially susceptible to MP/NPs
pollution because it is the base of terrestrial ecosystems and one of the most crucial resources
for human society (Nielsen et al., 2015). For instance, only 0.4% of polypropylene (PP)
deteriorated in soil after one year (Teuten et al., 2009), whereas polyvinyl chloride (PVC) and
polystyrene (PS) showed no evident signs of degradation for over 32 years (Zhu et al., 2019).

1.2. Tracing the Sources of Nanoplastics Contamination

Nanoplastics are also described as particles with a size range of 1 to 1000 nm that are created
and released during the breakdown of industrial plastics (Gigault et al., 2018). Additionally,
items containing NPs, such as nanomedicine and personal care products, have the potential to

release NPs directly into the environment (Hernandez et al., 2017).
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Nanoplastics has been discovered in the environment recently due to the advancement of
innovative detecting technology (Foetisch et al., 2021, Wahl et al., 2021). According to
estimates, the environmental level of NPs is 17 orders of magnitude greater than that of
microplastics, and it is on the rise over time (Besseling et al., 2019). Due to their high
abundance and mobility, smaller plastic particles like MPs and NPs might be more hazardous
(Qi et al., 2020; Law and Thompson, 2014). Understanding the fate and effects of MPs/NPs in
soil ecosystems with various types of organisms is therefore crucial (Wang et al., 2020a;
Caruso, 2019; Horton et al., 2017). Given their size, soil fauna may consume microplastics and
nanoplastics while ingesting them (Huerta Lwanga et al., 2016; Sussarellu et al., 2016; Wright
et al., 2013; Graham and Thompson 2009; Browne et al., 2008).

As a result, concern over the ecological impact that NPs pose has grown in recent years
(Gaylarde et al., 2021). Various studies have shown that due to their high surface-to-volume
ratio, nanoplastics may be more harmful than MPs in a number of organisms, powerful
penetrating abilities, and inherent hydrophobicity (Yang et al., 2020; Chen et al., 2017). There
are only a few studies that have looked at the mobility of microplastics and nanoplastics in
natural soil systems (O'Connor et al., 2019; Quevedo and Tufenkji, 2012). Polystyrene
nanoplastics (PSNPs) were chosen as a representative model NPs because they are widespread
and cover 90% of the demand for plastic (Yang et al., 2016). For instance, the breakthrough
curves (BTCs) for polystyrene nanoparticles had the shape typical of "blocking," where the
filling of favorable retention sites resulted in a drop in the deposition rate and a rise in the
effluent particle concentration with time. For instance, Quevedo and Tufenkji (2012)
discovered that certain soil components may help explain why polystyrene nanoparticles are

retained more in loamy sand than in quartz sand.
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Figure 1: Pathways of Plastic Pollution in the Environment
1.1.1. Synthesis of Polystyrene and their uses

When styrene monomers are polymerized, an aromatic polymer called polystyrene is created.
Styrofoam, a substance with limited elasticity that is stretched or melt-formed, is likewise made
using polystyrene. It is made by quickly heating polystyrene pellets with a foaming agent.
Polystyrene is an aromatic polymer formed as a result of polymerization of styrene monomers.
Food containers including trays, plates, and cups are frequently made out of Styrofoam.
Additionally, it is employed in the transportation and storage of food, as well as in the
manufacture of toys, office supplies, and a variety of packaging materials (Domininghaus et
al., 2005; Johannaber and Michaeli, 2004). In addition, in Tamar Estuary in South England,
polystyrene was discovered to be the second most prevalent kind (25%) of floating plastic trash

(Sadri and Thompson, 2014).
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Figure 2: Structure of polystyrene

Table 1: Properties of Polystyrene

Chemical Formula Polystyrene (CsHs)n
Molecular weight 104.1 g/mol
Density 1.04 g/cm’
Solubility in water Insoluble
Melting Point Approx. 240 °C

1.1.2. Partitioning of Nanoplastics in soil

When carried both vertically and horizontally into soils, micro/nanoplastics exhibit very
dynamic behavior. The soil's characteristics, water infiltration, human activity, and interactions
with the soil fauna all have an impact on the dynamic transport of micro- and nanoplatics
(Pignattelli et al., 2020; Ng et al., 2018). On the other hand, soil micro/nanoplastics can be
divided into several soil matrices in either a solid or liquid phase. These comprise soil
fragments, soil organic components that mimic natural fragments, soil fauna, and pore waters
for the solid phase and liquid phase, respectively. The amount of organic matter in that specific
compartment can be used to understand the relative importance of a certain environmental
matrix for the transport of organic molecules, such as hydrophobic organic compounds

(Koelmans et al., 2016). Hydrophobic and electrostatic interactions which causes micro/nano
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plastics to bind to soil particle surfaces. Due to the high surface-to-volume ratio, surface-to-
volume creates as particle size decreases. So, it stands to reason that nanoplastics should adhere
to soil particles' surfaces more firmly than microplastics. The rate at which nanoplastics absorb

from the surface of soil particles may be slowed by this solid binding (Amity et al., 2022).
1.1.3. Toxicological effects of Nanoplastics

Nanoplatics particles can absorb chemicals from water (heavy metals, polycyclic aromatic
hydrocarbons, polychlorinated biphenyls, etc.), which may exacerbate the negative effects of
nanoplastics on living things (Koelmans et al., 2016). Nanoplastics represent potential risks to
ecological and human health due to their small size, distinct properties, and persistence in the
environment. Marine species can easily consume them because of this (Peng et al., 2020; Shen
et al., 2019; Revel et al., 2018; Lu et al., 2016; Cole et al., 2015). Smaller particles can pass
through cell membranes, move through tissues, and also pass through trophic levels. Ingesting
or breathing nanoplastics (NPs) can clog the digestive tract, cause false satiety, or disrupt the

metabolism (Khosrovyan et al., 2020; Liu et al., 2019).

They can permeate biological membranes, cells, or tissue and cause harmful effects such as
alterations in membrane permeability, inflammation, oxidative stress, a decline in enzyme
activity, etc. (Jeong et al., 2016). More seriously, polystyrene nanoplastics may be able to cross
the blood-brain barrier, a highly selective barrier that works through an active transport
mechanism mediated by P-glycoprotein to block the entry of potential neurotoxins, and enter

the brain tissues, where they could have a profound impact on organisms (Kashiwada, 2006).

Other studies have shown that nanoplastics have the capacity to breach the other tissues in
mussels (Farrell and Nelson, 2013) or enter the circulatory system (Browne et al., 2008),
opening up further pathways that may result in additional harmful consequences. This data was
primarily shown in field and laboratory research that investigated marine ecosystems using

experimental models like fish, mollusks, crustaceans, and annelids (Sa et al., 2018).
1.1.4. Effect of Nanoplastics on Soil Organisms

Nanoplastics and microplastics can enter the terrestrial environment directly from sources like
polymer-coated fertilizers as primary plastic components (Kah et al., 2019). Examples of
sources in agricultural systems include soil conditioners (sludge and composts) that include

NPs and MPs as well as the breakdown of plastic mulch films (Frehland et al., 2020; Li et al.,
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2019; Liu et al., 2018; Yang et al., 2018). An essential part of nutrient cycling, organic matter
breakdown, and soil structure are played by the soil oligochaete, Enchytraeus crypticus. E.
crypticus individuals dramatically lost weight after being exposed to 10% nano-polystyrene
(dry weight basis), and oligochaete reproduction was hermetically sealed after being exposed
to 5% nano-polystyrene. However, soil oligochaete E. crypticus mortality remained the same
as when it was exposed to nanoplastics which led to reduced weights and stimulus of cocoon

production (Zhu et al., 2018).

Earthworms are frequently utilized as bioindicators to determine the level of soil contamination
due to their sensitivity to contaminants. ZnO nanoparticles (NPs) are widely utilized in the
manufacturing of cosmetics, coatings, pigments, and electronic equipment (Ma et al., 2013).
After being exposed to the environment, excess ZnO NPs might disrupt the ecology. Previous
research has demonstrated that ZnO NPs can cause a number of harmful effects on several
arms, including oxidative stress, damage to DNA and gut cell mitochondria, and Zn
bioaccumulation (Li et al., 2011; Hu et al., 2010). Combining exposure to ZnO NPs and
polyethylene microplastics resulted in a higher rate of weight loss and a lower fatality rate at
day 28 compared to a single application. The earthworms with the higher Zn concentration
(55.6 mg/kg) were also subjected to 1 percent PE and 1000 mg/kg ZnO NPs. In conclusion, co-
exposure to PE MPs (Polyethylene Microplastics) and ZnO NPs worsened toxicological
reactions and elevated Zn bioaccumulation in earthworms, which results the great ecological

issues (Zhang et al., 2022).

1.1.5. Effect of Nanoplastics in Aquatic Organisms

Zebrafish have served as a valuable research model for human contamination, developmental
studies, and conventional toxicity testing over the past few years (Lleras-Forero et al., 2020;
Pereira et al., 2019; Zang et al., 2018; Deveau et al., 2017; Garcia et al., 2016; Shimada et al.,
2014; Dai et al., 2014; Tat et al., 2013;). Consider the specifics: It is projected that 8 million
tonnes of plastic trash are discarded into the ocean annually, and by 2030, this amount of plastic
will have increased (Choong et al., 2021). Thus, for the normal disposal of micro/nanoplastics,

the oceanic system has the potential to be act as significant pollutant sink.

In zebrafish intestines, exposure to PSNPs at environmental relevant doses (1-100p g/L) led
to altered microbiome composition and function as well as immune response dysfunction. The

changed neurotransmitter metabolites and the activity of the zebrafish intestinal microbiota in
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response to PSNPs make it obvious that the fundamental causes of this toxicity involve a
modification of the brain-gut axis interaction (Teng et al., 2022). The central nervous system
(CNS) and locomotor activity in zebrafish embryos are negatively impacted by exposure to 50
nm PS NP at a concentration of 1 mg/L (Chen et al., 2017). After a 24-hour exposure, amine-
modified 52 nm polystyrene nanoplastics (PS-NH>) up to a concentration of 25 mg/L were
nonlethal to aquatic zooplankton, but at a concentration of 75 mg/L, mortality became apparent

within 13 hours (Mattsson et al., 2017).

On the other hand, research on freshwater organisms is sparse and primarily concentrated on
crabs of the genus Daphnia, which includes species that are model organisms in ecotoxicology
(Liu et al., 2020, Zhang et al., 2020). D. Magna serves as a vital connection between producers
and high-trophic consumers in the aquatic ecosystem (Chae et al., 2018). Previous research has
demonstrated that D. Magna may consume nano- and microplastic particles with sizes ranging
from 20 nm to 5 mm and that D. Magna exhibit lower reproduction after 21 days of exposure
to 70 nm polystyrene particles (Besseling et al., 2014). D. Magna's reproduction and body size
were also adversely affected by exposure to 70 nm polystyrene particles at doses of 0.22 and

103 mg/L.
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Table 2: Review of Study of Nanoplastics on Terrestrial and Aquatic Organisms.

Type of Organisms Exposed Dose | Toxicological Effects | References
Nanoplastics
Polystyrene Earthworms 10, 100 mg/kg Severe oxidative Xu et al.,
(Eisenia Fetida) damage and disturb 2021
immune balance
Polystyrene Earthworms 250,500mg/kg | Reduced the weight, Zhu et
Aqueous (Eisenia Fetida) 10g/kg effect on cocoon al.,2018
suspension production
Fluorescent Zebra Fish 0.04, 34 ng/L Genotoxic damage, Besseling
polystyrene (Danio rerio) 34u/L break DNA strand and | et al., 2014
nanoplastics mutagenic changes
Polystyrene | Daphnia magna | 0.22—-150 mg | Reduced weight and Besseling
beads nano-PS/L severe alteration in etal., 2014
Aqueous reproduction
suspension
Polystyrene Zebra Fish 1, 10, and 100 Histopathological Torres-
(Danio rerio) ug/L PSNPs | changes, DNA damage | Ruiz, etal.,
2021

1.2.  An Overview of Pesticides

Due to the extensive use of organic pesticides in agriculture, soil pollution has recently
increased (Kavitha et al., 2020). More consideration is being given to the extensive application
of pesticides, their potential effects on the environment, and the risks they pose to the stability
of ecosystems (Bishop et al.2020; Utami et al., 2020; Fang et al. 2019). Particularly in the past
decade, the pesticide business has expanded dramatically in tropical areas (Andersson and
Isgren, 2021; Goulson, 2020). The soils from conventional agriculture contained more
chemicals in higher concentrations when compared to organic agricultural plots. Despite the
fact that residue is even quite low, mixtures of insecticides, herbicides, and fungicides were

regularly present in soils (Pelosi et al., 2021).
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To manage weeds, pests, and illnesses, pesticides are utilized on a global scale. Few
insecticides are effective against the targets; the majority sink into the soil. Pesticide

contamination leading to soil degradation is once again in the spotlight (Jiang et al., 2016).
1.2.1. Glyphosate: Origins, Common Uses and Applications

Glyphosate, also known as N-(phosphonomethyl) glycine, functions as the primary active
ingredient in a popular non-selective, broad-spectrum, systematic herbicide, (Bai and
Ogbourne, 2016). Glyphosate, widely recognized as the most prevalent herbicide on a global
scale, experienced a remarkable 15-fold increase in usage from 1996 to 2014 (Benbrook, 2016).
This substantial rise in adoption can be attributed to its initial introduction in 1974, becoming

the herbicide of choice worldwide, as reported by (Székéacs and Darvas, 2018).

Mode of Action: Glyphosate inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate (EPSP)
synthase in plants, disrupting the shikimic acid pathway, (CDS Tomlin et al., 2006) The
shikimic acid pathway is exclusive to plants and a few microbes. The absence of this route in
mammals may explain glyphosate's low toxicity to non-target organisms. (Wu, Jiunn Yih, et
al., 2006). According to an ecological risk assessment of Roundup®, the main hazard to

arthropods were changed habitat structure and food availability (JP Giesy et al., 2000).

Global agricultural systems are increasingly using chemical pesticides to control weeds, which
poses a major risk to the environment and public health. The escalating utilization of this
herbicide has led to it becoming a prominent water pollutant, raising concerns about its
environmental impact. The surge in its application has been particularly notable in response to
the cultivation of genetically modified crops that exhibit resistance to glyphosate. While
traditionally used on woody and herbaceous crops, glyphosate's reach has expanded to non-
agricultural areas, including industrial zones, civil areas, embankments, and roadsides, as

observed (Paris et al., 2016).

During the past decade, growing apprehensions have emerged regarding the environmental and
health repercussions associated with the annual utilization of over 800,000 tonnes of this
chemical worldwide and the allowance of more than 750 commercial formulations (Kniss,

2017; EPC EU, 2017; Benbrook, 2016; Message et al., 2015).
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Figure 3: Chemical structure of glyphosate

Aminomethyl phosphoric acid (AMPA)is the main byproduct of the breakdown of glyphosate.
As aresult, frequent use of glyphosate and glyphosate-based herbicides can strongly spread the
active component in the environment and has the potential to contaminate organisms as well
as water, soil, and air (Sousa et al., 2019; Sliva et al., 2018; Dollinger et al., 2015). Spray drift
allows glyphosate to infiltrate the soil, and heavy rainfall causes it to wash off the surface of
the plants. Additionally, it might seep into the soil through glyphosate-sprayed dead and

decomposing plants.

Table 3: Properties of Glyphosate

Active Ingredient Glyphosate

Form Odorless, white solids

Molecular weight (g/mol) 169.07

Half-life in soil (d) 143.3 to 514.9

Solubility in water (mg/L) pH 1.9: 10,500
pH 7.0: 57,000
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1.3.2. Glyphosate Usage Trend in Pakistan

The world's sixth most populous nation is Pakistan. By 2050, Pakistan's population is projected
to be 350 million (Planning Commission, 2014; United Nations, 2012). To fulfill the rising
demands of Pakistan's expanding population and preserve food security, more food must be
produced (Kirby et al., 2017). In order to address this issue, must be boosted beyond what it is
now, which will put tremendous strain on the already depleting natural resources (Ali et al.,

2017a; Hanif et al., 2017).

In Pakistan, the agro-production industry is heavily infested by parasites and pests, which has
a significant negative economic impact. To eliminate pests and parasites and increase crop
yield, many corrective procedures have been promoted across the country, including the
frequent application of pesticides, insecticides, herbicides, and fungicides (Ghaffar et al., 2020;

Hussain et al., 2019).

Effective weed control in Pakistan requires sophisticated weed management methods.
Examples of these consist of targeted and site-specific weed management, variable rate soil-
applied herbicide treatment (particularly when weed growth is patchy and there is spatial
heterogeneity for seed bank and soil qualities), harvest weed seed collection, weed seed
destruction by predation and microbial decay, nano-herbicides, and optical spraying
technologies (Bajwa et al., 2016; Rashid et al., 2014; Nasim and Shabbir, 2012).Currently,
glyphosate-based herbicides are the second most widely used pesticide in urban areas and the

most widely used pesticide in agriculture (Battaglin et al., 2014).

People anticipate that the usage of this herbicide will expand further in the approaching years
due to the widespread proliferation of glyphosate-resistant weeds and novel pre-harvest,
desiccant-use patterns (such as "green burndown") (Myers et al., 2016). The escalating use of
glyphosate in the environment exerts a significant impact on plants, animals, and human
populations alike. Glyphosate harms humans by interfering with the endocrine system (Van
Bruggen et al., 2018). Glyphosate may be cancer-causing in high quantities, according to
preliminary research on substances that cause cancer (Andreotti et al., 2018). The earthworm
(Eisenia fetida) has been demonstrated to be harmed by glyphosate, although its formulation,

roundup, did not exhibit any toxicity towards soil invertebrates (Pochron et al., 2020).
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Figure 4: Entry routes of glyphosate in different environmental compartments

1.3.3 Interaction of Glyphosate in Soil
Given the extensive usage of glyphosate, it is imperative to understand how it interacts with

soil ecosystem in order to properly apply for its impact on the environment.

Although glyphosatecontaining herbicides are not purposely sprayed into the ground, they
may contaminate nearby soils through spray drift during application and after being wiped off

of leaf surfaces by rain.

1.3.4 Fate of Glyphosate in Soil

Due to processes like mineralization, degradation, immobilization, and leaching, glyphosate
has a complex destiny in soil. In an effort to pinpoint and co-mechanisms that govern how
chemicals behave as a source of environmental pollution, particularly in soils and water,
numerous research has lately been published. While some experiments employed glyphosate
in its acid form, other investigations made use of well-known compounds. This is because
glyphosate is discharged into the environment as formed products that also contain co-
formulate chemicals (adjuvants) and other additives rather than as pure active components.

Recently, analyzed the most prevalent co-formulates in glyphosate-based herbicides that
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contain surfactants, and they talked about whether or not the presence of these surfactants, like
Triton CG-110, would affect the adsorption, leaching, and mineralization of glyphosate in the
soil (Robin et al., 2019).

1.3.5. Half-life in Soil

Depending on the circumstance, glyphosate's half-lives might range from a few days to one or
two years (soil, water, and air). Temperature and soil moisture are two edaphic and
environmental elements that significantly affect half-life (Silva et al., 2018; Bento et al., 2016;
EFSA 2013, 2017). According to the European Food Safety Authority (EFSA), glyphosate and
AMPA had half-lives in soils of 143.3 days and 514.9 days, respectively (EFSA, 2013).

1.3.6. Glyphosate Runoff from surface to soil

Direct use of glyphosate results in contamination of the soil and water systems when it spreads
(Villamar-Ayala et al., 2019). It comes into contact with the target organism’s folio. The
weed’s broad roots disperse glyphosate deep into the soil. Glyphosate attaches in small
amounts to organic matter, clay, and soil particles (Van Bruggen et al., 2018). The widespread
use of glyphosate can raise the residual levels in the aquatic environment since it is transmitted

into water bodies through runoff. In the United States, the groundwater surface was discovered

to have up to 430ug/L of glyphosate at one time (Mahler et al., 2017).
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Table 4: Literature Review on the Toxic Effects of Glyphosate on Earthworms
Chemical Organism Exposed NOEC LC50 Responses References
Dose
Glyphosate Eisenia fetida 1, 10, 100, 500, Decrease in the body
1,000 mg/kg - - weight (Correia and Moreira, 2010)
Loss of cocoons
Physical changes was
seen in earthworms
Glyphosate Eisenia fetida Changes in body weight | (Yasmin and D’Souza, 2007)
- - and their reproduction
rate
Glyphosate Eisenia fetida 26.3 mg/kg Changes in growth and | (Verrell and Van Buskirk, 2004)
- - activity of worms show
behavioral alterations
Glyphosate Eisenia fetida Glyphosate >21.3,mg/kg | >5600ppm Pesticides Properties Database
(Roundup) - (PPDB)
Glyphosate Eisenia fetida >5000ppm Vencill, W. K. (2002). Herbicide
- - handbook (No. Ed. 8). Weed
Science Society of America.
Glyphosate Eisenia fetida >100 >5000ppm Low risk to earthworms | (Hayward and Mallett, 2000)
Glyphosate Eisenia fetida 21.31mg/kg No significant effect on | (Hayward and Mallett, 2000)
dry soil - - earthworms
reproduction
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1.3.7 Toxicity of Glyphosate on soil organisms

Pesticides and other agricultural chemicals, as well as harmful pollutants in fertilizers, can have
an impact on earthworms (Yancheng et al., 2016; Nicolas et al., 2014). Studies have shown
that glyphosate has harmful consequences for earthworms, some of which include a decrease

in sperm quantity in Lumbricus terrestris and stunted growth in Eisenia fetida (Sherwin et al.,

2013).

Nemathelminths (Nematodes) are an important group of lesser invertebrates. Although they are
parasitic, their diversity, widespread occurrence, and relationship to soil reveal the health of
the ecosystem. Even while some nematodes spread diseases, they also contribute to the
diversity of natural ecosystems and the maintenance of the earth's nutrient cycle (Achiorno et
al., 2008). The nematodes have also been impacted by the usage of glyphosate in soil systems

and cause numerous harmful effects.

Eisenia fetida Nemathelminths

1.3.8. Harmful effects of Glyphosate on Aquatic Life

Water sources have been found to contain quantifiable amounts of glyphosate, the herbicide's
active ingredient, as a result of surface runoff and careless use (Annett et al., 2014). Fish play
a crucial role in preserving the health of the aquatic ecosystem as essential consumers from the

start of the aquatic food chain (Liu et al., 2013).

According to Hosseinian et al. (2017), the common carp (Cyprinus Carpio L.) are an essential
freshwater fish that are found in numerous nations. Furthermore, they are most significant
aquatic product consumed in China. In aquatic toxicity, common carp have served as animal

models to assess the state of the environment's health (Ma et al., 2018; Sehonova et al., 2017).
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In order to assess the toxicity of the environmental pollutants in aquatic environments, fish
have so frequently been utilized as sentinel animals for aquatic toxicity studies (Ma et al., 2018;
Mayson et al., 2016; Ma and Li, 2015; Liu et al., 2013). The immunotoxicity of GLY on
Cyprinus Carpio L, was preliminary assessed in our earlier studies, and the findings
demonstrated that GLY-treatment altered complement 3 and immunoglobulin M contents,
lysozyme activities, and some cytokine (interleukin (IL)-1, interferon, and tumor necrosis
factor (TNF)-) levels in the liver, kidneys, and spleen of Cyprinus Carpio L. and caused
histopathological damage in organs (Ma and Li, 2015; Ma et al., 2015a, 2015Db).

In the Hawaiian Islands, a genetically and geographically distinct subpopulation of green turtles
(Chelonia mydas Linnaeus) has recovered in numbers over the past forty years (Balzac et al.,
2015), yet some nearshore feeding regions have lower somatic growth (Balzac and Calpe,
2004). In the Hawaiian Islands, both the public and private sectors commonly use glyphosate-
based herbicides (such as Roundup® and Rodeo®) to eliminate undesirable or invasive
vegetation from yards, golf courses, fields, and areas close to freshwater, marine, and

anchialine shorelines.

Glyphosate may be entering coastal waters and impacting non-target marine animals, for
instance, green turtles, their food sources, and/or their (Gastro-Intestinal) GI bacterial
ecosystems, even though as far as we are aware, the Hawaiian Islands' coastal waters have not

been examined for its presence.

Cyprinus Carpio L Chelonia mydas

1.3.9. Earthworms and their importance in the Soil

The "ecosystem engineers" known as earthworms are crucial for preserving the fertility and

health of the soil as well as for enhancing soil structure (Singh et al., 2016). The well-known
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ecosystem engineer is earthworms. In most ago-ecosystems, earthworms are the most
numerous soil invertebrates in terms of biomass, and through their activities, they raise soil
microporosity, which improves soil nutrient availability and boosts soil water dynamics and

aeration (Nico et al., 2020).

They alter soil porosity, bulk density, water infiltration, gas emission, mineralization of
nutrients, and plant growth by consuming soil and litter, burrowing both horizontally and
vertically through soils, and releasing fecal contents to mix nutrients in soils (Blouin et al.,
2013). While earthworms are usually believed to be common in all forest, grassland,
agricultural, and garden habitats worldwide, a comprehensive picture of their global

distribution is still being put together (Phillips et al., 2019).

The vital role of earthworms in maintaining soil health is acknowledged to such an extent that
esteemed organizations like the European Union (EU), the Organization for Economic Co-
operation and Development (OECD), the International Organization for Standardization (ISO),
and the Food and Agriculture Organization of the United Nations (FAO) have adopted
earthworms (Eisenia fetida) as indicator organisms for ecotoxicological testing, as evidenced

by (Santadino et al., 2014, Piola et al., 2013).

Eisenia fetida (Earthworm)
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Table 5: Classification of Earthworms

Kingdom Animalia
Phylum Annelida
Class Oligochaeta
Order Haplotaxiaa
Family Lumbricidae
Genus Eisenia fetida
Species Eisenia fetida

1.2.2. Significances of Earthworms

By altering soil structures and controlling the structures and activities of the soil's bacterial
community, earthworms play a significant part in the cycling of nutrients in the soil (Huang
and Xia, 2018; Hoang et al., 2016; Gomez-Brandon et al., 2011). According to research,
earthworms were observed to be helpful in the elimination of organic pollutants such as
antibiotics, insecticides, and polycyclic aromatic hydrocarbons (PAHs) (Hao et al., 2018;
Contreras-Ramos et al., 2008). The ability of soil communities to adapt to the effects of climate
warming can also be determined through the presence of earthworms (Lubbers et al., 2013;

Eisenhauer et al., 2012).

1.2.3. Ecological divisions/Functional groups

The three ecological groups into which earthworms can be classified are based on their feeding
and burrowing activities. While endogenic earthworms live in mineral soils and eat organic
matter that has been degraded as well as microbes and minerals, epigenetic earthworms live
and genetic surface litter. Anemic earthworms consume leaf litter near the soil's surface despite
residing in deep vertical tunnels (Briones et al., 2005). However, as the earthworm invasion
advances, the relative importance of various earthworm ecological groups changes (Wicket et
al., 2018; Hale et al., 2005a), demonstrating that the soil depth and invasion history play a

significant role in the ecosystem repercussions of the invasion.
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1.3. Interactive Effect of Nanoplastics and Glyphosate on Daphnia magna

Daphnia magna: The toxicity of glyphosate (GLY) and polystyrene nanoplatics (PSNPs)
individually and collectively was studied in relation to the multigenerational effects on the
freshwater crustacean Daphnia magna. When GLY and PSNPs are present together, both their
combined and individual toxicities are raised. This suggests a synergistic relationship between
the mixture's constituent parts, particularly when GLY and PSNPs are exposed together in
higher equitoxic doses. The PSNPs and GLY combination increased immobility and ROS
production while lowering swimming activity. It is significant to note that additional research
is required to increase our understanding of the impact of these pollutants in the environment,
in order to undertake a more accurate assessment, it is necessary to test complicated mixes on
non-target creatures, particularly on non-target organisms. This will help us better comprehend

the joint toxicity of GLY and PSNPs in a mixture (Diego et al., 2022).

Figure 5: Glyphosate can enter to the cells and cause cellular damage through various
pathways (Kronberg et al., 2021).

1.3 Toxicity Biomarkers

1.2.4. Acetylcholinesterase

Acetylcholinesterase (AChE), a critical neurotransmitter, is involved in a variety of central
nervous system processes. By catalysing the hydrolysis of acetylcholine in synaptic
connections, this enzyme facilitates in the transmission of brain messages from one cholinergic
neuron to the next (Soreq and Seidman, 2001). Acetylcholinesterase (AChE), which is involved

in neurotransmission and muscular activity (Hackenberger et al., 2018; Wang et al., 2015), is
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one of the most investigated earthworm biomarkers in ecotoxicological assessment. Tetania,
paralysis, and even death can ensue from AChE inhibition, which alters brain behavior and

activates muscle fibers (Kirby et al., 2000).

1.6. Oxidative Stress and Antioxidant Enzymes

Biochemical reactions within organisms frequently serve as early indicators of chemical
toxicity and aid in diagnosing soil pollution (Song et al., 2009). Biomarkers encompass
quantifiable biochemical reactions in response to pollutants, serving as indicators of both
exposure and effects (Lammertyn et al., 2021). They offer a suitable framework to investigate
the stress responses of earthworms subjected to foreign substances and to comprehend pollutant
mechanisms (Shi et al., 2017). A multitude of these biomarkers have been developed in
earthworms across various levels, encompassing parameters such as growth inhibition rate,
reproduction rate, levels of reactive oxygen species (ROS), antioxidant enzyme activity, lipid

peroxidation levels (Shi et al., 2017).

Commonly recognized as the primary enzyme guarding against reactive oxygen species and
lipid peroxidation, SOD plays a pivotal role (Wang et al., 2011). SOD initiates the
transformation of the hazardous O> free radical into a less detrimental variant by facilitating
dismutation, resulting in the formation of H>O» (Halliwell and Gutteridge, 2015). In
collaboration with the CAT enzyme, SOD generates H>O2, which then undergoes conversion
into water and molecular oxygen. It's established that heightened O> production leads to a

reduction in CAT activity (Kono and Fridovich, 1982).

1.7. DNA Damage
Numerous chemicals found in polluted water possess the potential to disrupt biological
processes, thereby affecting specific populations and entire ecosystems. A pivotal aspect of
pollution mitigation through environmental monitoring is assessing the genotoxic potential
within surface water. In pursuit of this objective, studies related to environmental
biomonitoring propose utilizing DNA damage indicators like strand breaks to effectively gauge
the genotoxic impacts of environmental pollutants (Everaats et al., 1998; Felder et al., 1998;

Theodorakis and Shugart, 1998).

Assessing genotoxicity and oxidative stress caused by pesticides involves employing DNA
damage and alterations in earthworm enzyme activities as biomarkers. Consequently,
earthworms serve as valuable indicators for investigating the potential impact of pesticides on

soil organisms, offering efficient toxicity data. The presence of surplus reactive oxygen species
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(ROS) within organism’s triggers lipid peroxidation (LPO), which in turn damages
cytomembranes, and induces changes in DNA structures, as observed through the work of

(Oliveira et al., 2009).

The single cell gel electrophoresis technique, commonly known as the comet assay, represents
one of the methodologies employed to evaluate the genotoxic potential of environmental
toxins. This approach enables the visualization of DNA damage or repair processes even at the
level of individual cells (Olive et al., 1990). The experiment can be conducted using any cell

containing a nucleus and requires only a small cell count (a few hundred).

When compared to several other monitoring techniques, the assay's processing time is shorter,
and it incurs lower costs. Ultimately, no other conventional method for environmental impact
assessment adequately captures the cumulative genetic toxicity resulting from the assortment

of genotoxic contaminants that organisms encounter.

1.8. Histological Alterations
Previous research has highlighted histopathological reactions in earthworms as significant
indicators of toxicity (Killg et al., 2011; Giovanetti et al., 2010; Amaral et al., 2006). Changes
in tissue histology, capable of inducing notable modifications in tissue and cell functioning,
could serve as indicators of detrimental impacts on organisms. These effects might stem from

past or ongoing exposure to toxic substances (Reddy and Rao, 2008).

1.9. Problem Statement
Pakistan is the world's sixth most populous nation. By 2050, Pakistan's population is projected
to be 350 million. To fulfill the rising demands of Pakistan's expanding population and preserve
food security, more agricultural production is required. Pesticides play an important role in
protecting the crops from agricultural pests especially of complex mixtures on non-target
organisms, in order to conduct a more accurate assessment. However, excessive use of
pesticides with other emerging pollutants like nanoplastics may cause ecological hazards for
soil biota. Earthworm is a soil annelid which plays a vital role in improving soil health and are
one of the significant organic matter decomposers. They improve the nutrient cycle, soil
structure, aeration, infiltration, water flow, and plant growth. Unfortunately, excessive use of
pesticides has side-effects on non-targeted soil organisms, even on such eminent ones like
earthworms. It is necessary to explore the effect of these emerging pollutants on soil

microorganisms to design comprehensive solution to improve environmental health.
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1.10. Research Gap

Several studies reported the individual effects of glyphosate and polystyrene nanoplastics on
earthworms. However, the effect of fluorescent PSNPs has not been documented yet.
Additionally, the combined exposure of GLY and fluorescent PSNPs is still unexplored.
Consequently, the purpose of the current study is to evaluate the toxicity of fluorescent PSNPs

(separate and combined with GLY) on the essential soil macro organisms; earthworms.

1.11. Objectives

The objectives of present study are assessing the potential impacts of nanoplastics and
glyphosate on earthworms under separate and combined treatments on earthworms.
Neurotoxicity will be assessed the form of Acetylcholine esterase inhibition. DNA damage will

be studied to assess genotoxicity and histological alterations will be studied in intestine tissues.

o To assess the impacts of nanoplastics and glyphosate on Acetylcholinesterase (AChE)
activity in brain tissues of earthworm.

o Investigating the effects of nanoplastics, glyphosate and its co-exposure on Reactive
Oxygen Species and Malondialdehyde content in earthworms.

o To evaluate the impacts of nanoplatics and glyphosate on Antioxidant enzymes.

o To estimate the effects of glyphosate and nanoplastics on histology of intestine of the
earthworms.

e To evaluate the DNA damage in response to nanoplastics, glyphosate and its co-

exposure in earthworms by comet assay.
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2. MATERIALS AND METHODS

2.1. Chemical and Reagents
Glyphosate (CAS; 1071-83-6, purity: 95%) was purchased from Sigma Aldrich® local dealer.
The yellow-green fluorescent polystyrene nanoplastics (Product No. L5155-1MI1, 0.03um
mean particle size) were purchased from Sigma Aldrich®, USA. Nitrotetrazolium blue chloride
[CAS Number; 298-83-9, purity; 98%] and Acetylthiocholine iodide [CAS; 1866-15-5, purity:
99.0%] were purchased from Sigma Aldrich® (Germany). Ethylenediamine tetra acetic acid
(EDTA) [CAS: 60-00-4, purity: 99%] of Sigma Aldrich, Germany. Hydrogen peroxide [CAS:
7722-84-1] Riboflavin [CAS: 83-88-5, purity;98%] of Merck (Darmstadt, Germany) were

used. Other substances that were used were all analytical-grade (AG) compounds and solvents.

2.2. Maintenance of Earthworms

All tests are conducted using adult earthworms (Eisenia fetida) with clitella well developed
and less than 2 months of age. The average weight of each earthworm is between 200-400mg.
Prior to the experiment, earthworms were carefully transported in to the laboratory and
acclimatized in the plastic container of 25 x25 x25cm (LxWxH) for 30 days. Uncontaminated
soil used for the acclimatization were taken through garden area (Natural soil) of the Quaid-i-
Azam University, Islamabad, Pakistan. Earthworms were fed with cow dung during
acclimatization period. The moisture content of the soil (60 to 80%) were maintained by
sprinkling the tap water after every 2 days. Specific conditions were maintained with 12-12 h
light and dark period, 20-25 °C temperature of the soil. Movement of the earthworms were
observed by placing the toothpicks vertically in the soil randomly in evening. Afterwards, in
the morning count the toothpicks that were fallen horizontally in soil. In this way, movement

was observed regularly in each interval.

2.3. Preparation of the Stock and Dose solution of Nanoplatics and Glyphosate

Stock solutions of both chemicals polystyrene nanoplastics and glyphosate were prepared in

distilled water.

2.3.1. Polystyrene Nanoplatics

Carboxylate-modified polystyrene, fluorescent yellow-green nanoplastics was present in
aqueous suspension. 500ul was taken from stock suspension of 25 mg/ml and added 100ml to

make up a final suspension of 12.5 mg/ml. From this stock, suspension 100ml was transferred
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to lkg of soil in each treatment for nanoplatics exposure to achieve the final exposed

concentration of 12.5mg/kg.

2.3.2. Glyphosate

Glyphosate stock solution was made by dissolving 26mg glyphosate in water. From this stock,

solution 100ml was added to 1kg of soil to achieve final exposure concentration of 26mg/kg.

2.4. Chronic Toxicity Experimental Setup

The experimental work began with a 28-day chronic toxicity test. For analyzing the toxicity,
of 300 earthworms were exposed, with different concentration of nanoplastics and glyphosate
for the duration of 7, 14, 21 and 28 days. There were three treatment groups assigned with their
replicates. One plastic pot was set aside for the control group. Group 1(NPs) was exposed with
the 12.5mg/kg with nanoplastics. Group 2(GLY) was exposed with the 26mg/kg glyphosate.
Group 3(NPs + GLY) was exposed with 12.5mg/ml nanoplatics and 26mg/ml with glyphosate.
The experimental conditions for the control group were the same but without any stressors. The
samples were taken after every 7 days’ interval for 28 days. Eleven earthworms were randomly
sacrificed from each treatment at each sampling interval. Brain, intestine, tissues were collected
in Eppendorf tube and mixed with phosphate buffer saline (PBS) and kept at -80°C for the
analysis. For the examination of histopathology, intestinal tissues were combined with formalin
and stored at or below 4 °C. Natural soil was used for the entire experiment. All the treatments
were performed in triplicates. The schematic representation of experimental outline is provided

in Figure 6.
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Figure 6: Schematic Representation of Experimental Work of Present Study

2.4. Phosphate Buffer Saline Preparation

Phosphate buffer saline solution (PBS) was made from PBS tablets (CAT No. 2810305)
purchased from Bio World. The tablets were dissolved in 1000ml distilled water to make 1Liter
of PBS (1 tablet/100ml).

2.5. Buffer Formalin Preparation

The preferred fixative for histopathology was 10 percent natural buffered formalin (NBF). In
an aqueous solution, the NBF contains 37 to 40 percent formaldehyde. It is un-buffered
solution. From this un-buffered solution, 10% stock formalin was mixed with 90% distilled
water, or 1 part NBF and 9 parts of distilled water, to create a histological fixative. 10%
formalin solution was prepared in this way. Un-buffered formalin had a pH ranging from 3 to
4. The following procedure was used to adjust the pH of a 10% formalin solution to a neutral

level.

1. 100ml formalin (37-40% stock solution)
900ml (H20)

4g Monobasic salt (NaH2POs)

6g Di basic anhydrous salt (Na;HPOj)

el

All these salts were mixed and the mixture was stirred for 10 minutes using a magnetic stirrer

and the buffer formalin solution was stored in the refrigerator until use.
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2.6. Homogenate Preparation

The SilentCrusher M Homogenizer from the Heidolph technology was used to homogenize the
brain, intestine tissues individually in 50mM potassium phosphate buffer (pH 7.0) in 2ml
eppendorf tubes. The homogenate was centrifuged for 10 minutes at 10,000 rpm. For additional

examination, the supernatant was removed and transferred to other labelled eppendorf tubes.

2.7. Acetylcholine Esterase Activity (AChE)

To assess AChE inhibition, the brain tissues of exposed earthworms were dissected on an ice-
cold dish. Once dissected, the tissues were promptly transferred to 2 mL Eppendorf tubes and
stored at or below -20 °C. To preserve the specimens for further analysis, they were immersed
in 1.5 mL of phosphate buffer saline. This method ensured the integrity of the brain tissues and
provided an appropriate environment for the accurate determination of AChE inhibition levels

in the earthworms.

2.7.1. Determination of the AChE Activity in Eisenia fetida
ACHhE activity was assessed by adapting an Ellman et al. study (1961).

The mixture includes;

1. 1% Sodium Citrate

2. 50puL of 0.5 mM DTNB

3. 200uL 0.5 M Phosphate buffer (pH 8.0)
4. 50uL 10mM acetyl thiocholine iodide
5. 50uL enzyme supernatant

6. 650uL HO

Acetyl thiocholine iodide was not present in the control cuvette. By monitoring the variations
in absorbance over a 5S-minute period at 412 nm, enzyme activity was measured. Inhibition of

AChE activity was measured using the following formula:

(Tf-TD

= U/min
0.01 u/

» Acetylcholine Esterase activity (AChE) =
Whereas:
Tr = Final Absorbance

T; = Initial Absorbance

YV V VYV V

0.01 = Time Constant (for 1 minute)
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2.8. Total Protein Estimation

The total protein content of earthworm tissues was evaluated utilizing bovine serum albumin
as the standard (BSA) and the Sigma Bradford Method. The Bradford reagent was bought from
Sigma Aldrich. In Bradford Reagent, five BSA dilutions (20, 40, 60, 80, and 100ug/L) were
made. UV-Vis Spectrophotometer (T80+ UV/Visible spectrometer) was used to measure the
absorbance of BSA dilutions at 595 nm. and standard curve was generated. The BSA curve
was used to determine the protein level. The following equation is used to determine total
protein;
Y=10.0053X + 0.0306

While Y represents the samples' absorbance and X estimates the amount of total protein.

2.9. Reactive Oxygen Species (ROS)
The methodology employed for assessing reactive oxygen species in fish liver tissues was
based on the approach outlined by (Hyashi et al., 2007). To make 0.1 molar sodium acetate
buffer, 4.1g of sodium acetate was dissolved in 5001 of distilled water. To maintain the pH at
4.8, 10mg of N-Diethyl-p-phenylenediamine sulphate salt (DEPPD) was dissolved in 100ml of
sodium acetate buffer. Next solution was made by dissolving 50mg of Ferrous Sulphate
(FeSO4) in 10ml of sodium acetate buffer. Both solutions were mixed in a 1:25 ratio and
incubated in the dark for 20 minutes at room temperature. After that 20ul was extracted from
the solution mixture, 1.2ml of buffer, and 20ul of homogenate were added in a cuvette. The
absorbance was measured at 505nm using a Smart Spec TM plus Spectrophotometer. Each

sample received three readings every 15 seconds and calculated by using formula:

(Sample OD x Cuvette Vol. x1076) _
(Protein x Sample Vol.x Atime x(Constant 15600)

> Reactive Oxygen Species (ROS) =

Units = nanomoles/mL
Whereas:
Sample OD = Sample Absorbance

Cuvette Vol. = Volume of Cuvette

Sample vol = Volume of Enzyme Supernatant

>
>
> Protein = Total protein in sample (mg/mL)
>
> Time = Measurement Time

>

15600 = Extinction co-efficient (M~ cm™)
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2.10. Malondialdehyde (MDA) / Lipid peroxidation Content Measurement

Malondialdehyde content in earthworm’s tissues was measured using the technique described

by (Han et al., 2014) utilizing the thiobarbituric acid reactive substance test (TBARS)

Reaction mixture contains:
1. 200uL of 8.1% Sodium Dodecyle Sulfate (SDS)
2. 1500pL of 20% Acetic Acid (pH3.5)
3. 100pL of 1% Thiobarbituric Acid
4. And 1000puL distilled water
5

. 200uL of enzyme supernatant

After that, the final product was kept in a water bath at 90°C for one hour. Following that, the
solution was chilled and centrifuged for 15 minutes at 3000 rpm. Using a UV-Vis
Spectrophotometer, the mixture's absorbance was measured at 532 nm. he mixture that didn't
contain tissue homogenate was treated as a blank in the assay. The MDA content was
determined to be the ratio of thiobarbituric acid reactive compounds in nanomoles per

milligram of protein.

(ASample — ABlank)x Cuvette Vol. x1076)
(Protein x Sample Vol.x Atime x(Constant 15600)

» Malondialdehyde (MDA) =

Units = (nanomoles/ mg protein)

Whereas:
ASample = Change in Sample Absorbance
ABlank = Change in Blank Sample Absorbance

Cuvette Vol. = Volume of Cuvette

Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant

>
>
>
>
>
>
> Time = Measurement Time
>

15600 = Extinction co-efficient (M™! cm™)

2.11. Superoxide Dismutase (SOD) Activity

Protocol of Han et al. (2014) and Liu et al. (2017) were followed to measure activity of

superoxide dismutase.

Reaction mixture was 3ml that contains;
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750uM Nitrobluetetrazolium chloride (NBT)

1. 50mM Phosphate Buffer (pH 7.8)

2. 130mM Methionine

3. 100uM Ethylenediaminetetraacetic acid (EDTA)
4. 20uM Riboflavin

5.

6.

And 50uL enzyme supernatant

The resulting mixture was exposed to 4000 1x fluorescent lamp for 20 minutes, and the
mixture's absorbance was assessed at 560 nm using a UV-Vis Spectrophotometer (T80+
UV/Visible spectrometer). The evaluation of superoxide dismutase activity was based on the
enzyme's ability to cause a 50% inhibition of the Nitrobluetetrazolium chloride photoreduction
rate. This inhibition was considered as one unit of superoxide dismutase activity. The obtained
results were expressed as U/mg of protein, providing a quantitative measure of the enzyme's

activity relative to the protein content. Results obtained were expressed as U/mg of protein.

(ASample — ABlank) x Cuvette Volx10"6)

> Superoxide Dismutase (SOD) = =
p ( ) (Protein x Sample Vol.x Atime x(Constant 6.22)

Units : (U/mg of protein)
Whereas:

>

» ASample = Change in Sample Absorbance

» ABlank = Change in Blank Sample Absorbance
» Cuvette Vol. = Volume of Cuvette
>
>
>

Protein = Total protein in sample (mg/mL)

Sample vol = Volume of Enzyme Supernatant
Time = Measurement Time

> 6.22 = Extinction co-efficient (M cm™)

2.12. Catalase (CAT) Activity
The techniques employed by Greenwald (1987) were utilized to test catalase activity.

Reaction mixture contains:

1. 500uL of 5.9mM H202

2. ImL of 50mM Potassium Phosphate Buffer
3. 100pL of tissue homogenate
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The resulting mixture was incubating at 37 °C for 15 minutes. At 240 nm, absorbance was

noted. The catalase activity was expressed as U/mg of protein.

>

>

>
>
>
>
>
>
>

(ASample — ABlank) x Cuvette Volx1076)
(Protein x Sample Vol.x Atime X (Constant 43.1)

Catalase (CAT) =

Units : (U/mg of protein)
Where:
ASample = Change in Sample Absorbance
ABlank = Change in Blank Sample Absorbance
Cuvette Vol. = Volume of Cuvette
Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant
Time = Measurement Time

43.1 = Extinction co-efficient (M cm™)

2.13. Comet Assay (Single Cell Gel Electrophoresis)

Single-cell gel electrophoresis (SCGE) was used to assess the DNA damage in the

coelomocytes of earthworm. Comet Assay was carried out using a method that was reported

by Song et al. (2009).

2.13.1. Reagents Preparations

Reagents for the Comet assay were prepared as follows;

l.

2.

Low Melting Agarose (LMA): To make 0.5 percent LMA, 250 mg of LMA were
dissolved in 50 ml of 1% PBS and stored at low temperature in the refrigerator. Before
use, the temperature was raised to 37 °C.

Normal Melting Agarose (NMA): The solution was heated to dissolve 500 mg of
normal melting agarose in 50 ml of distilled water. This method was used to prepare
1% of the NMA.

1.46g of NaOH (2.5M), 37.2g of EDTA (100M), and 1.2g of Trizma base (100M)
were dissolved in distilled water and the volume was increased to 890ml to create the
lysing solution. Following pH maintenance to 10.0 with HCI or NaOH, the final
volume was increased to 1000 ml. Final lysing solution was created by mixing
suspension that had already been prepared with 1% Triton X and 10% DMSO. Prior

to creating slides, the final solution must be chilled for 30 minutes.
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4. The electrophoresis buffer consists of 0.5 ml of EDTA (200 mM) and 30 ml of NaOH
in 1000 ml of distilled water. The pH was kept basic, or >13.

5. Neutralization buffer; pH of 7.5 (using HCL) was achieved by dissolving 48.5g of
0.4 M tris in 1000ml of distilled water, and the mixture was maintained under room
temperature.

6. Staining solution: 50ml of distilled water was used to dissolve 10mg of ethidium
bromide in this way staining solution was prepared.

7. PBS buffer: 990mL of phosphate buffer saline were made, and their volume was

increased to 1000mL when the pH was raised till 7.4.

2.13.2. Slides Preparations

Slides were first cleaned with methanol and using fire blazes to disinfect them. Onto frosted
slides with a coating of NMA, 200uL of LMA and cell suspension were pipetted. As the first
LMA layer solidifies, a second one (85uL) was introduced. Slides were immersed in lysis
solution and chilled for 120 minutes while being kept in the dark following after the fixation

of the second layer.

2.13.3. Electrophoresis

After two hours in the lysis solution, the slides were removed and kept in the horizontal gel
apparatus. The freshly made buffer solution was poured over the slides. For 30 minutes, 24
volts of power was applied, then turned off to let the DNA uncoil. The neutralizing buffer was
applied to the slides. The same steps were repeated twice. Slides were coated with cover slips

before being stained with 80L of 1X ethidium bromide.
2.13.4. Slides Visualization

To evaluate DNA damage, a fluorescent microscope (Nikon, 40X) was used. The software
CASP 1.2.3.b was useful in assessing the magnitude of DNA damage. DNA migration from
head to tail was assessed in each sample, which contained between 50 and 100 cells. Comparing
each cell's DNA transfer and the proportion of cells with a high DNA fragment migration ratio

allowed for the mounting of results.

2.14. Tissue Histopathology

The histopathological examination of intestine tissues. At the end of each time interval, the

earthworm was dissected, and intestine tissues were collected. These tissues were then
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promptly transferred into 2 mL Eppendorf tubes containing 1.5 mL of formalin fixative buffer.
For further analysis, the samples were kept at 4°C.

2.14.1. Hematoxylin and Eosin Staining of Intestine

After the exposure to GLY and NPs, the histopathological alterations in the intestinal were
evaluated using the Hematoxylin and Eosin staining method. The steps of fixation, dehydration,
embedding, slide preparation, staining, and microscopy. The tissues were cleaned and rinsed
in a saline solution containing 0.75% NaCl. Section of the tissues were cut at a thickness of 4-
6 microns, fixed in aqueous Bouins solution for 24 hours, processed through a graded series of
alcohols, cleaned in xylene, and embedded in paraffin wax, then all the parts stain with
hematoxylin eosin and dissolved in 70% alcohol (Yang et al., 2018). TUCSEN digital camera
(Model: ISH500) was used to take pictures of the intestine tissues after preparing slides and
histopathological lesions were studied using an Olympus CX41 light microscope at 400X.

Sampling methodology and different steps used in earthworm dissection.

2.15. Statistical Analysis

Experiments were performed in triplicate for each tested concentration (treatment), and
calculations took into account means and standard deviations. Statistical analysis was
performed on all experimental data using IBM SPSS Statistics version 21.0. (SPSS Inc., USA).
Three replicates of the data (n=3) are used to calculate the means and standard deviation (SD).
One-way analysis of variance was used to calculate the statistical differences between control
and treatments and means were separated using Duncan Post-Hoc comparison test with

significance at p<0.05.
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3. RESULTS

The chronic toxicity test was performed for 28 experimental days to evaluate the combined
toxicological effects of glyphosate and nanoplastics on earthworms. Prior the experiment was
conducted, soil macronutrients (N P K) were measured. MDA, ROS and antioxidant enzymes
(SOD, CAT) activities were also assessed in tissues of earthworms. Acetylcholinesterase
inhibition were measured in brain tissues of earthworms. Using the comet assay, the DNA
damage in earthworm’s coelomocytes was also examined. Additionally, histopathological
alteration was examined in the intestine of earthworms. In this section, outcomes of all

parameters is described.

3.1.  Soil Characterization
The results of soil analysis showed that the soil was sandy clay loamy in texture, with an
organic matter concentration of 0.93 (Table 6). The soil pH was 7.1, indicating that alkaline in
nature, and the EC was 694 uS/m. The soil had a water retention capacity 40% to 60% and a
moisture content of 72%. The nutrient level of the soil was N= 0.59mg/g, P= 4mg/kg, and K=
89 mg/kg.

Table 6: Physicochemical Properties of Soil

Parameters Value/Units
Texture Sandy Clay Loam
Organic Matter 0.93%

pH 7

EC 694 uS/m

Water Holding Capacity (WHC) | 40% to 60%
Moisture Content 72%

NO-°N 0.83 mg/kg
Phosphate 4.20 mg/kg
Potassium 114mg/g
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3.2. Chronic Toxicity Test
The single and combined effects of nanoplastics and glyphosate were assessed in a 28-day
exposure period. This section describes the results of all parameters investigated during the

experiment.

3.2.1. Acetylcholinesterase Activity

Acetylcholinesterase activity was determined in earthworm brain tissues after 7, 14, 21, and
28 days of exposure to nanoplastics (G1), glyphosate (G2) and coexposure (G3). The treatment
groups G1, G2 and G3, showed more neuron damage in the brain of earthworms. The results
revealed that AChE activity decreased with increasing duration. The nanoplastics (G1) group
considerably reduced from the control after 7 days of exposure, but there was no statically
difference between the Gl and G2 groups. The G3 group differed significantly from the
control, G1, and G2 groups. The coexposure (G3) group indicated a significant decrease
(p<0.05) in AChE activity at the first sampling interval after 7 days of exposure. Among all
experimental groups, the G3 group exhibited the highest inhibition. After 7 days of exposure,
all other treatments, G1, G2 and G3 (14, 21, and 28 days) showed a consistent decrease in
AChE activity, indicating a similar trend across the sampling intervals. Significant decrease
(p<0.05) in AChE activity was observed in all treatment groups G1, G2, and G3, as compared
to the control group. The glyphosate (G3) group showed the lowest inhibition, while the G3
group exhibited the maximum inhibition. Result demonstrated that G1, G2 and G3 groups, as
well as the duration of exposure time, decreased AChE activity in earthworm brain tissues as

shown in Figure 7.

Table 7: Acetylcholinesterase (AChE) activity in brain tissues of Eisenia fetida exposed to

nanoplastics, glyphosate and coexposure of (nanoplastics + glyphosate).

Treatment Exposure Days

Groups 7 Day 14 Day 21 Day 28 Day
Control 7.333+£0.305% | 7.133+0230° 6.233+0.251a | 6.8+0.2°
G1(Nanoplastic) | 6.7+0.1° 5.86+0.15°¢ 4.6+0.2¢ 3.96+0.47°¢
G2 (Glyphosate) | 6.98+0.16 6.33+0.30P 5.66+0.15° 4.9+0.3%
G3(Coexposure) | 5.5+0.4° 4.46+0.35¢ 3.7+0.2¢ 2.6+0.52¢
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Figure 7: Single and joint effects of nanoplatics and glyphosate on AChE activity in the brain
tissue of earthworms. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3 coexposure
(NPs + GLY). Each bar represents the mean £SD of results obtained from three replicates
(n=3). Different lowercase letters indicate significant difference (p<0.05) among treatment

groups.

3.3. Total Protein Estimation

Proteins, being vital macromolecules for the viability of all life forms, play a central role in

the formation and progression of tissues and organs within organisms (Guarda et al., 2003).

Furthermore, they act as the building blocks for enzymes, hormones, neurotransmitters, and

cofactors, contributing to various physiological processes (Qiu et al., 2019).

Table 8: Absorbance of Standard BSA (Bovine Serum Albumin).

Dilutions (ug/L) Average Absorbance (nm)
0 0
10 0.016
20 0.028
40 0.0485
60 0.069
80 0.0855
100 0.1022
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3.3.1. Calibration Curve for Estimating Total Protein in Tissue Samples

Dilution of standard Bovine Albumin solution generates the standard curve for total protein
estimation. The absorbance of the entire mixture was measured at 595 nm, and an absorbance
calibration curve was plotted to determine the concentration of total protein content in the

unknown sample.

0.12 -
y = 0.001x + 0.0055 0.1022
2 _ .."
01 - R?=0.9919 Lo
0.0855 ..-*"
E .o
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Figure 8: Standard calibration curve of BSA dilutions for total protein estimation at 595nm.

3.3.2. Total Protein Content

The results indicated a significant decline (p< 0.05) in the overall protein content present in the
body of the earthworms. At the 7 days of exposure, a noticeable distinction emerges between
the control group and the exposed group. As time progresses, there is a consistent reduction in
the total protein content. By the 14 day of exposure, a more substantial decrease in total protein
content becomes apparent. Progressing to the 21 day of exposure, the total protein content in
nanoplatics and glyphosate groups decreased as compared to control group. Significant
decrease in total protein content is observed, and by the 28 day exposure, an even greater

decline in total protein content is evident.
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Table 9: Total Protein determination in Eisenia fetida exposed to nanoplatics, glyphosate and

coexposure of nanoplastics and glyphosate.

Results

Treatment Exposure Days
Groups 7 Day 14 Day 21 Day 28 Day
Control 46.75+1.21° 43.68+1.11* | 42.68+1.26% 44.9+1.04%
G1 (Nanoplastic) | 36.64+1.52° 28.35+1.11° | 30.46+0.82° 33.90+1.10°
G2 (Glyphosate) | 30.01£0.53¢ 23.24+0.55° | 20.79+1.08° 24.97+1.04°
G3 (Coexposure) | 26.5+1.32¢ 20+24 15.66+2.08¢ 13.33+2.51¢
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Figure 9: Single and joint effects of nanoplatics and glyphosate on Total Protein level in the
whole body tissue of earthworms. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3
coexposure (NPs + GLY). Each bar represents the mean +=SD of results obtained from three
replicates (n=3). Different lowercase letters indicate significant difference (p<0.05) among
treatment groups.

3.1. Reactive Oxygen Species (ROS)
Reactive oxygen species (ROS) serve to identify oxidative damage caused by xenobiotic. The
fundamental function of antioxidant enzymes is to scavenge free radicals, thereby protecting

the body from the detrimental effects of harmful substances.

On day 7 there was no significant difference between nanoplatics (G1) and glyphosate (G2).
However, ROS level were significantly higher from the control group in both treatments

groups G1, and G2. Significant increase in ROS was observed in the coexposure group (G3)
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as compared to the control and from G1land G2(nanoplatics and glyphosate). After the exposure
of 14 days, there was no significant difference between the G1 and G2 groups. The results were
observed to be similar to the first interval. On day 21, G1 group showed the significant increase
in ROS as compared to G2 group. G2 showed the significant increase in ROS level from the
control but lower than other groups (G1 and G3). After 28 days, there was significant difference
between control group and treated groups. The G3 group showed significant increase in ROS
from the all other groups (p<0.05). All the groups showed the significant increase from the
control group and highest significant increase in ROS level of G3 group as shown in Figure 9.

Table 10: Reactive Oxygen Species (ROS) in body tissues of Eisenia fetida exposed to
nanoplatics, glyphosate and coexposure of nanoplastics and glyphosate.

Treatment Exposure Days

Groups 7 Day 14 Day 21 Day 28 Day
Control 17.16+18.87° | 18.4+0.92°¢ 20.5+14 23.241.5¢
G1 (Nanoplastic) | 20.51+0.42° | 25.9+1° 25.17+0.37° 27.16+0.76°
G2 (Glyphosate) | 19.95+0.35° 23.8+1° 22.7+0.86° 25.3+1.25°¢
G3 (Coexposure) | 25.25+1% 28.41+1.32% 29.24+0.732 30.3+1.03¢2
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Figure 10: Single and joint effects of nanoplatics and glyphosate on ROS level, in the whole
body tissue of earthworms. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3
coexposure (NPs + GLY). Each bar represents the mean =SD of results obtained from three
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replicates (n=3). Different lowercase letters indicate significant difference (p<0.05) among
treatment groups.

3.2. Malondialdehyde Content (MDA)

Following 7 days of exposure, there is significant increase observed in MDA content in all the
treated groups G1, G2 and G3 (nanoplastic, glyphosate and coexposure) as compared to the
control. The highest MDA content was observed in coexposure group (G3). MDA content
increased significantly (p<0.05) in the G1 group compared to the G2 group after 14 days of
exposure. However, both the treatments, G1 and G2 significantly increased in comparison to
the control group whereas, the G3 group exhibited the highest MDA level compared to the
other treatments. This sampling interval showed similar effect on MDA content as the first
interval. MDA content increased significantly after 21 days of exposure as compared to 7 and
14 days. The nanoplatics (G1) and glyphosate (G2) groups considerably increased from the
control throughout 21 day interval, but there was no statistical difference between the G1, G2
groups. As compared to control, the G3 group exhibited the highest MDA content. At last
sampling interval after the 28 days G1 and G2 groups showed the significant increase (p<0.05)
in MDA content as compared to control but lower then G3 group. G2 group showed the lowest
elevated MDA level in all of these treatments, yet it was higher than the control.

Table 11: Malondialdehyde (MDA) in body tissues of Eisenia fetida exposed to nanoplatics,
glyphosate and coexposure of nanoplastics and glyphosate.

Treatment Exposure Days

Groups 7 Day 14 Day 21 Day 28 Day
Control 8.4+0.24 8.86+0.94 16.5+1.1¢ 17.5+0.6¢
G1 (Nanoplastic) | 11.4+0.2° 12.5+0.3° 19.6+0.2° 21.5+0.5°
G2 (Glyphosate) | 10.5+0.31° 10.6+0.21, 18.74+0.2° 19.4+0.41°
G3 (Coexposure) | 14.3+0.21? 14.8+0.04? 21.5+0.30? 24.1+0.882
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Figure 11: Single and joint effects of nanoplatics and glyphosate on MDA level in the whole
body tissue of earthworms. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3
coexposure (NPs + GLY). Each bar represents the mean +=SD of results obtained from three
replicates (n=3). Different lowercase letters indicate significant difference (p<0.05) among
treatment groups.

3.3. Antioxidant Enzymes Activity Parameters

3.3.1. Super Oxide Dismutase (SOD)

During the chronic toxicity test, superoxide dismutase activity was evaluated at four different
intervals. SOD enzyme activity increased as concentration increased and decreased as exposure
time increased. After the 7days of exposure in G3 group, SOD activity was increased from all
other groups (p<0.05). There was no statically difference between G1, G2 group and the control
group. In G3 group the SOD activity was significantly increased. On day 14 all the groups were
showed lower activity from the control. SOD activity significantly decreased in the G3 group
compared to the control group. There was no significant difference between the G1 and G2
groups, however both were lower than the control. After 21 days of exposure, SOD activity
decreased in all treatments as compared to control. There was significant decrease in SOD
activity in G1, and G2 groups from the control (p<0.05). G3 group the SOD activity was
significantly decreased from the control and other groups. On the last sampling interval after
the 28 days, all treatments exhibited lower SOD activity than the control group. The enzyme
activity in both groups (G1 and G2) was significantly lower than in the control. The G3 group
exhibited the lowest drop compared to the other groups. Overall, SOD activity decreased

significantly in this interval and differed significantly from all other intervals.
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Table 12: Superoxide Dismutase (SOD) in body tissues of Eisenia fetida exposed to
nanoplatics, glyphosate and coexposure of nanoplastics and glyphosate.

Treatment Exposure Days
Groups 7t Day 14" Day 215 Day 28" Day
Control 6.63+0.1° 6.2+0.2% 5.840.11% 5.3+0.26%
G1 (Nanoplastic) | 6.66+0.3° 5.7+0.15° 4.840.2° 3.840.15°
G2 (Glyphosate) | 6.66+0.30° 6.16+0.11° 5.26+0.25° 4.6+0.2°
G3 (Coexposure) | 7.2+0.3? 5.1£0.11° 4.4+0.24 2.6+0.30¢
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Figure 12: Single and joint effects of nanoplatics and glyphosate on SOD activity in the whole
body tissue of earthworms. C shows (control), G1 (Nanoplastics), G2 (Glyphosate), G3
coexposure (NPs + GLY). Each bar represents the mean =SD of results obtained from three
replicates (n=3). Different lowercase letters indicate significant difference (p<0.05) among
treatment groups.

3.3.2. Catalase Activity (CAT)

The catalase activity showed significant changes as compared to control. The G1 and G2 group
are the same as the control on day 7, there was no statically difference between the (G1, G2)
groups. CAT activity in these two groups was the same like the control group. CAT activity in
the G3 group was significantly higher from the control group (p<0.05). After the 14 days CAT
activity was significantly decrease in all groups compared to the control. The significantly
lowest decrease of CAT activity in the G3 group whereas, G1 and G2 groups exhibited a

significant decrease in CAT activity than the control group. CAT activity was considerably
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different in G1 and G2 groups from the control. On day 21, CAT activity trend is similar to the
14 interval. There was a significant difference between the both intervals. At the day 28
sampling interval, there was a substantial decrease of CAT activity in all groups compared to
the control. CAT activity in G1 and G2 group significantly decrease from the control group,
but G2 slightly increased from G1 and G3. The lowest decrease of CAT activity in G3 group
(p<0.05). Overall, CAT activity was significantly reduced in G1, G2, and G3 on day 14, 21,

and 28 as compared to day 7 sampling interval.

Table 13: Catalase Activity (CAT) in body tissues of Eisenia fetida exposed to nanoplatics,
glyphosate and coexposure of nanoplastics and glyphosate.

Treatment Exposed Days
Groups 7 Day 14 Day 21 Day 28 Day
Control 52.3+1.25¢ 56.0+1.05° 54.7+1° 46.3+1.25
G1(Nanoplastic) | 54.4+1.31° 48.05+1.05¢ 42.06+1.05¢ 34.36+1.28°
G2(Glyphosate) | 55.15+1.33° 52.3+1.25° 48.05+1.05° 38.1+1.075°
G3(Coexposure) | 57.3+1.25 42.05+1.05¢ 36.7+1¢ 28.1+1.075¢
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Figure 13: Single and joint effects of nanoplatics and glyphosate on CAT activity in the whole
body tissue of earthworms. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3
coexposure (NPs + GLY). Each bar represents the mean +=SD of results obtained from three
replicates (n=3). Different lowercase letters indicate significant difference (P<0.05) among
treatment groups.
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3.4. DNA Damage and Tail Moment determined by Comet Assay
The comet assay was used to assess the DNA damage caused by combined nanoplatics and
glyphosate exposure. CASPLAB was used to measure comet length. The results revealed DNA
changes gradually after exposure. At all sampling intervals (7, 14, 21, and 28 days), head length
decreased gradually in all treatments (G1, G2, and G3), whereas tail length increased due to
migrating damaged DNA from head to tail. At all sampling intervals in control group the DNA
in head remained 84 to 87%. It steadily decreases with increasing exposure time of G1, G2 and
G3 group. The percentage of DNA in the tail slowly increased from day 7 to day 28. It was the
highest in the coexposure (G3) treatment after 28 days of exposure, compared to 7, 14, 21 and
28 days. In all control groups the %DNA remained 15 to 16%. Continuously comet length also
increases at all intervals as compared to control. Apart from treatments of G1, G2 and G3, the
time period of exposure plays an important role in the increase of DNA damage (see Table 7

and Figure 13) illustrated all of the parameters that were observed.
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Table 14: Genotoxicity Assessment of nanoplastic, glyphosate and nanoplastict+ glyphosate
homogenates of earthworms by Comet Parameters

Sample Comet Head Tail % DNA | %DNA | Tail moment
length length length (um) | in head in tail (um)
(um) (wm)
7 Days Exposure
C 40.3+2.7 | 34.1£2.2 6.2+1.1 84.61+3.2 | 15.38+1.8 | 0.10+0.03
Gl 43.542.2 | 35.6%3.1 7.91£1.3 81.83+3.1 | 18.16+1.9 | 0.14+0.04
G2 41.943.1 | 34.1£3.1 7.9+0.6 81.14+3.1 | 18.85+2.2 | 0.13+0.03
G3 42.6+3.2 | 33.4+43.1 9.2+0.9 78.40+3.2 | 21.59+1.4 |  0.17+0.02
14 Days Exposure
C 38.9£2.8 | 33.14£2.1 5.9+0.5 87.01£3.4 | 12.99£1.3 0.11£0.03
Gl 43.842.7 | 32.1£2.8 11.81+1.6 | 73.05+£3.1 | 26.94+2.2 | 0.21+0.02
G2 41.543.1 | 33.242.2 8.3+1.4 80.01+3.5 | 19.99+1.8 |  0.15+0.03
G3 45943.5 | 31.7£3.4 14.2+2.7 69.07+2.9 | 30.93+3.7 | 0.24+0.01
21 Days Exposure
C 40.843.3 | 35.5£2.3 5.3+1.9 87.01£3.1 | 12.99+2.6 | 0.10+0.03
Gl 45.143.3 | 35.2434 9.8+1.9 78.2+£3.1 | 21.77£2.5 0.22+0.04
G2 43.242.5 | 36.1+2.1 7.1+1.5 83.33£3.3 | 16.55+1.6 | 0.15+0.04
G3 45.6+3.1 | 35.1£2.5 10.6£1.5 76.75+£3.1 | 23.244+2.6 |  0.41+0.03
28 Days Exposure
C 38.6£3.1 | 32.34+2.3 6.3+1.1 83.67+3.3 | 16.32+1.7 | 0.13£0.05
Gl 46.4+3.1 | 32.1£3.0 14.3£1.4 69.18+4.1 | 30.81+3.1 0.51+0.3
G2 41.943.2 | 33.1£2.2 8.9+1.3 78.75+3.7 | 21.24+1.3 0.20+0.02
G3 47.843.1 | 30.2+£2.3 17.6£1.9 63.17+3.3 | 36.82+3.1 0.92+0.02
Control(C): without nanoplatics and glyphosate, G1: nanoplastic, G2: glyphosate, G3:

coexposure of nanoplastics + glyphosate. All values are expressed as mean = SD (n = 3).

3.4.1. Tail Moment (TM)

When compared to control, it was found that all treatments had increased tail moment (TM).

The first sample interval revealed significant differences between the treatments (7 days). In

contrast to control, a considerable rise in TM was seen in coexposure group (G3) after 14 days.

The similar tendency was still seen with higher TM values at the third sampling period (21

days). After 28 days of exposure, when a substantial change in all treatments was seen, the tail
moment was at its maximum in G3. Increasing tail moment was significantly influenced by

NPs and GLY exposure concentration with the passage of time. When compared to other
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treatments, (Gland G2) TM had the higher rise in G3 after 28 days of exposure. Thus NPs and
GLY exposure over an extended period of time can cause DNA damage in earthworm’s
coelomocytes. In the coelomocytes of earthworms, Figure 14, displays TM for all treatments

and sampling periods.
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mG3

Tail Moment (um)
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Figure 14: Tail moment in coelomocytes of earthworms by exposure of nanoplastics and
glyphosate. C shows (control), G1 (Nanoplastic), G2 (Glyphosate), G3 coexposure (NPs +
GLY). Each bar represents the mean +SD of results obtained from three replicates (n=3).
Different lowercase letters indicate significant difference (P<0.05) among treatment groups.
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Figure 15: Fluorescence photomicrographs of glyphosate and nanoplatics induced DNA
damage in coelomocytes of earthworms, Control(C): without glyphosate and nanoplastic, G1:
nanoplastic, G2: glyphosate G3: Coexposure of nanoplastic and Glyphosate (NPs + GLY).

3.4.2. Tissue Histopathology
Histopathology is utilized to assess chemical toxicity and its effects on earthworms. Intestine
tissues of earthworm’s microscopic examination showed various histopathological changes

after individual and combined exposure to the nanoplastics and glyphosate.

3.4.3. Histopathological Alterations in Intestine of Earthworms

Food is taken up and metabolized in the intestine. Food and chemical substances are then
broken down and taken up by the blood stream. The intestines provide a route of entry for the
harmful substances into the blood stream. The health of the intestine is a useful indicator of

environmental contamination and exposure to the earthworms.
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We assessed histopathological changes caused by nanoplastics and glyphosate in E. fetida
intestines after 28 days of exposure. All examined sections in the control group showed normal
histology of the earthworm intestines. However, earthworm intestines exposed to NPs and GLY
showed enlarged intestinal cells with aberrant shapes and altered cell nuclei size in G1(NPs),
G2 (GLY)and G3(NPs + GLY) group. Furthermore, greater intestinal cell lysis was seen in
coexposure (G3) group that was exposed with NPs and GLY. After the 28days of exposure
intestine cells rupture more severely as compared to first two intervals. As well as, higher
concentrations and time period produce greater accumulation and abnormal histopathology in

earthworms.

Figure 16: Photomicrographs of intestine of earthworms at 40X magnification, stained with
hematoxylin and eosin after the exposure of 7days. The Control group(C) showed normal cell
division(Ay), regular cell shape (Bo). While G1 showed Enlarged cell space (A), Irregular cell shape (B).
G2 indicating the enlarged cell space(A), irregular cell shape(B). The G3 showed wide enlarge
space(A), irregular cell shape(B).

(*C = Control; *G1: Group 1 (Nanoplastic); *G2: Group 2 (Glyphosate); *G3 Group3
(Nanoplatics + Glyphosate)
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Figure 17: Photomicrographs of intestine of earthworms at 40X magnification, stained with
hematoxylin and eosin, after the exposure of 14 days. The Control group (C) showed normal
histological cell divisions (Ao), regular cell shape (Bo), and regular nucleus shape(Co). While
G1 showed abnormal cell division (A), irregular cell shape (B). Moreover, the G2 indicating
the abnormal cell division(A), irregular nucleus shape(C), and showed the cell lysis into
pieces(D). The G3 showed irregular cell shape(B), irregular nucleus shape(C), and cell
lysis(D).

(*C Control; *G1: Group 1 (Nanoplastic); *G2: Group 2 (Glyphosate); *G3: Group 3
(Nanoplatics + Glyphosate)
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Figure 18: Photomicrographs of intestine of earthworms at 40X magnification, stained with
hematoxylin and eosin, after the exposure of 21 days. The Control group (C) showed normal
cell division (Ao), regular cell shape (By). While G1 showed, large number of cell space(A),
indicating cell irregular cell shape (B). Moreover, the G2 showed large space between the
cells(A), cell shape was not regular (B). The G3 showed wide enlarge space (A), irregular cell
shape (B), and shows the cell lysis(D).

(*C Control; *G1: Group 1 (Nanoplastic); *G2: Group 2 (Glyphosate); *G3: Group 3
(Nanoplatics + Glyphosate)
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Figure 19: Photomicrographs of intestine of earthworms at 40X magnification, stained with
hematoxylin and eosin, after the exposure of 28 days. The Control group (C) showed normal
cell division (Ao), regular cell shape (Bo), and normal nucleus size (Co). While G1 showed
enlarged spaces in a wide area (A), total denaturing of the cell shape (B), and Irregular nucleus
shape (C). Moreover, the G2 indicating irregular cell shape (B) and abnormal nucleus shape
(C). The G3 showed large cell spaces in the intestine (A), denatured cell shapes (B), and all the
cells were break down into pieces (D).

(*C Control; *Gl: Group 1 (Nanoplastic); *G2: Group 2 (Glyphosate); *G3: Group 3
(Nanoplatics + Glyphosate)
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4. DISCUSSION

4.1. Soil Physicochemical Properties
All soil quality parameters were maintained following the OECD guidelines for testing of
chemicals (OECD, 1984). Soil quality was maintained throughout the experiment, moisture
content, water holding capacity, organic content and pH in accordance with OECD guidelines.
Moreover, water moisture content was maintained by spraying the water after every 2 days and
soil quality parameters remained within permissible limits as recommended by OECD
guidelines. Results for the soil quality parameters were consistent with experimental conditions

of Sobhani et al. (2021).

4.2, Acetylcholinesterase Activity
Acetylcholinesterase (AChE) plays a pivotal role in regulation of cholinergic signal
transduction within the nervous system (Song et al., 2022; Xu et al., 2020a). To maintain the
proper functioning of the nervous system, AChE catalyzes the breakdown of the
neurotransmitter acetylcholine (ACh) into choline and acetic acid. The inhibition of AChE
indicates neurotoxicity, as it disrupts this process (Palanikumar et al., 2012). The reduction in
AChE activity following exposure to pollutants is strongly linked to the decline in the
organism's in vivo antioxidant defense capacity (Song et al., 2022). In the current study, a
progressive inhibition of AChE was observed by exposure to glyphosate. These findings are
consistent with Lin et al. (2019) which reported that polystyrene nanoplastics led to notable
decreases in AChE activity, suggesting harmful impacts on cholinergic neurotransmission as
well as nervous and neuro-muscular functioning. Inhibited AChE activity leads to a buildup of
acetylcholine in the synaptic region and the disruption of nerve function, can be brought on by
long-term exposure of E. fetida worms to nanoplastics (He at al., 2023). Notably,
organophosphorus insecticides are recognized for their ability to suppress AChE activity,
whereas GLY has been known to manifest toxicity in manner similar to most
organophosphorus herbicide (Roex et al., 2003). AChE activity was also found to be reduced
in Cyprinus carpio L. following the exposure to glyphosate over 60 days (Chen et al., 2022).
Our results also showed the reduction in AChE activity which can be attributed to the inhibition
of enzyme function caused by the substantial generation of reactive oxygen species (ROS),
resulting in neurotoxic effects (Jiang et al., 2022). AChE activity in E. fetida in the combined
treatment of (glyphosate + nanoplastic) was lower than that in the individual treatment. These

findings were found to be same as Deng et al. (2018) who also reported that combined exposure
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with organophosphorus herbicide and nanoplatics led to higher AChE inhibition in earthworm
brain as compared to the exposure separately. Likewise, polystyrene nanoparticles (1 mg/L; 50
nm) has been shown to notably reduce the activity of brain AChE in zebrafish (Chen et al.,
2017). Our results also indicated a decrease in AChE activity in earthworms following
combined exposure of GLY and nanoplastics and individually. Our findings are in accordance
with the study of Chen et al. (2017) in which it is reported that smaller-sized nanoplastics could
potentially lead to higher inhibition of AChE activity.

4.3. Total Protein determination in earthworms
Proteins are integral to metabolic pathways and serve as a diagnostic tool for evaluating an
organism's physiological condition (Prasath and Arivoli, 2008). This study showed the
progressive decline in total protein content over an entire experiment period. These findings
are consistent with the Lammertyn et al. (2021). The results demonstrate a notable reduction
in protein content, under the both single and joint exposure of (nanoplastics + glyphosate)
consistent with the findings of Li et al. (2019) which showed that increase in the energy
required to detoxify and excrete the harmful compound leading to a degradation in the energy

spent for the earthworm growth.

4.4. Reactive Oxygen Species
Reactive oxygen species (ROS) are reactive oxygen-containing molecules, which encompass
the superoxide anion (radical O?"), hydrogen peroxide (H20.), and hydroxyl radicals (radical
OH). These species are generated through normal metabolic processes within the body (He et
al., 2021b). Elevated ROS within the organism typically indicate an increased oxidative stress.
Polystyrene nanoplatics have been shown to trigger the production of ROS in organisms,
resulting in the depletion of antioxidants and potentially causing adverse impacts on behavior
and survival (Pitt et al., 2018; Wuk et al., 2016; Jeong et al., 2016, 2017). These findings are
according to our results and showed increased ROS level during the exposure period. Lin et al.
(2019) documented that nanoplastic-triggered ROS production could result in oxidative stress
and harm to organisms. When Cyprinus carpio L. was exposed to glyphosate, our findings
indicated an elevation in ROS levels, comparing with the observations made by Lee et al.
(2021). The excessive production of ROS can contribute to cellular oxidative damage, which
has been associated with the possibility of mitochondrial dysfunction as indicated by Lee et al.
(2021). Moreover, research conducted by Truzzi et al. (2021) revealed that GLY exhibited
comparable cytotoxic effects to other organophosphorus pesticides such as chlorpyrifos.

Elevated ROS generation subsequent to 30-day exposure to glyphosate has been documented
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(Cao et al., 2022). In the combined treatment of nanoplatics and glyphosate, the ROS were
observed to be higher than those in the single treatments, supported with the findings reported
by Nogueira et al. (2022). This suggests that both GLY and PSNPs, whether individually or
when combined, caused mitochondrial dysfunction linked to ROS, (Xie et al., 2007). Similarly,

in our results, we also noted an increase in ROS within the combined treatment of earthworms.

4.5. Malondialdehyde (MDA)
Regarded as the principal biomarker of cellular damage in conditions of oxidative stress, MDA
emerges as a significant outcome of lipid peroxidation (Araujo et al., 2022). Derived from the
oxidation of cellular lipid membranes, MDA can indirectly reflect the extent of oxidative harm
inflicted upon organisms due to pollutants (Lin et al., 2012; Saint-Denis et al., 2001). Elevated
MDA activities, signifying lipid peroxidation, were noted in reaction to the PSNPs. This also
led to the adjustment of antioxidant enzymes, such as SOD on Daphnia magna (Lin et al.,
2019). Lu et al. (2015) demonstrated in their study, that the affinity binding of NPs to the lipid
bilayer depended on interactions involving particle-cell wall interactions, which seemed to
possess an electrostatic nature. Our results are in accordance with these findings revealing
increased MDA content in both the nanoplatics group and all other exposure groups (Lin et al.,
2019). Individual exposure of glyphosate resulted in elevated MDA content, which are agreed
with the findings of Cao et al. (2022), where exposure of Cyprinus carpio L. to glyphosate

similarly led to an increase in MDA content.

When subjected to aryl triazolinones herbicide sulfentrazone exposure to earthworms, there
was also a rise in MDA content as demonstrated by Li et al. (2020). Further, the study by Tiwari
et al. (2019) which revealed a significant increase in MDA content due to the exposure of
organophosphate insecticide chlorpyrifos, cypermethrin, and their combination in earthworms.
Similar outcomes are also observed in present study which indicated a notable increase in MDA

content in earthworms upon combined exposure to nanoplatics and glyphosate.

4.6. Antioxidant Enzymes

4.6.1. Super Oxide Dismutase (SOD)

SOD serves as a crucial defense mechanism in the body against oxidative damage, actively
eliminating free radicals generated within the body as evidenced in following studies (Wang et
al., 2020; Cruz-Rojas et al., 2018;). Hydrogen peroxide (H20.) is a potent reactive oxygen
species (ROS) that possesses the capacity to inflict extensive cellular harm, contributing to the

induction of oxidative stress as well (Liu et al., 2018). Elevated enzyme activities suggest that
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SOD aims to effectively eliminate surplus reactive oxygen species (+#O?), thus alleviating the
oxidative harm inflicted on E. fetida due to nanoplatics exposure. Conversely, the reduction in
SOD activity could stem from the utilization of exceedingly active *O*, a portion of which is
converted into hydrogen peroxide through the actions of SOD (He et al., 2022c; Yao et
al.,2020). Our findings demonstrated a comparable pattern, initially observing an increase in
SOD due to nanoplatics exposure in the group of earthworms, followed by a notable decline as
time progressed. Our outcomes of a significant reduction in SOD activity exposure to the
nanoplatics align with the observations (He et al., 2023). In present study, significant decrease
in SOD activity by the exposure of glyphosate to the earthworms, these results are consistence
with exposure of glyphosate on Cyprinus carpio L. for 30 days (Cao et al., 2022). Zheng et al.
(2021) also noted a decline in SOD activity as a result of glyphosate (GLY) exposure in the
liver of tilapia (Oreochromis niloticus). In both individual and combined exposures to the
nanoplatics and glyphosate, the current study observed a decrease in SOD activity in all
treatments. Likewise, Cheng et al. (2020) demonstrated that exposure of E. fetida to soil
contaminated with microplastics and atrazine resulted in the inhibition of SOD activity. These
findings are similar to the outcomes of Baihetiyaer et al. (2023), who also observed comparable
results in earthworms exposed to a combination of microplastics and imidacloprid over a 28-

day period a significant decrease in SOD activity.

4.6.2. Catalase Activity (CAT)

CAT stands as another pivotal antioxidant enzyme, responsible for detoxifying H2O: by
transforming it into innocuous H>O and O, as elucidated by these studies (Liu et al., 2018a;
Zhang et al., 2018). The equilibrium of redox reactions is disrupted due to an excess of free
radicals, consequently inhibit the synthesis of CAT (Xu k. et al., 2021). Our results indicated
an initial rise in CAT activity, possibly attributed to the excessive production of ROS.
However, this activity subsequently experienced a significant decline across all treatments.
These findings are consistence with (He et al., 2023). This phenomenon can be elucidated by
the notion that stress induced by nanoplatics prompts an overproduction of ROS or other free
radicals, surpassing the detoxification capacity of CAT. Consequently, the activity of CAT
diminishes, as observed in these studies (Guimaraes et al., 2021; Li et al., 2020b). These
outcomes are in line with our findings, wherein exposure of earthworms to nanoplatics
demonstrated a notable decrease in CAT activity across all treatments. The findings indicated
a substantial reduction in CAT activity across all treatments upon glyphosate exposure to

earthworms, in agreement with the results reported by Santos et al. (2011). Cheng et al. (2020)
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demonstrated the inhibition of CAT activity in E. fetida when subjected to soil contamination
involving microplastics and atrazine. Our findings are in line with these results, as we observed
that the individual as well as combined exposure to nanoplastics and glyphosate led to the

inhibition of CAT activity.

4.7. Comet Assay to Analyze DNA Damage
The comet assay stands as a simple approach to evaluate DNA damage provoked by
environmental pollutants. Widely recognized as a sensitive biomarker, it effectively determines
the genotoxic impact of pollutants on invertebrates, as evidenced by in these studies (Gajski et
al., 2019; Saez et al., 2015; Reinecke and Reinecke, 2004). The extent of DNA damage in
worm coelomocytes can be evaluated using the tail DNA% metric, which quantifies the ratio
of DNA in the tail to the total DNA within the nucleus, following a methodology documented
by Anderson et al. (1994). Point toward an elevation in ROS levels within earthworms triggered
by the exposure to nanoplastics, ultimately resulting in oxidative stress and subsequent
oxidative damage (He et al., 2023). Upon exposure to nanoplastics, there was a decrease in
head length and an increase in %DNA in tail length, accompanied by a significant rise in tail
moment. A similar pattern of these parameters was evident as exposure time increased,
culminating in the highest DNA damage observed after 28 days of exposure. Our findings are
in line with He et al. (2023), conducted a study involving the exposure of earthworms to
nanoplatics significantly decreased head length and increase in tail length. The outcomes of
this study provide compelling evidence that PS NPs possessed the ability to target erythrocyte
DNA, leading to both clastogenic and molecular impairments. To be more specific, the
observed DNA damage is likely attributed to various mechanisms, including single-strand
breaks, double-strand breaks, the formation of DNA adducts, and cross-linking between DNA
molecules and proteins. These events are presumed to stem from interactions between
pollutants or their metabolites and DNA. All of these mechanisms are consistent with the
findings of (Guimaraes et al., 2021). Our results showed that DNA damage was induced by
glyphosate exposure on earthworms and slowly increased in tail moment because of migrating
DNA from head to tail, likely due to an abundance of ROS and a compromised antioxidant
enzyme system. Furthermore, instances of DNA damage triggered by GLY have been recorded
in the blood cells of various species, including the Chinese mitten crab (Eriocheir sinensis),
rainbow trout (Oncorhynchus mykiss), and Nile tilapia (Oreochromis niloticus). Our findings
are in accordance with the results of the following studies (Santos et al., 2019; Hong et al.,

2017; Alvarez-Moya et al., 2014). Moreover, the impact on DNA integrity in Eisenia andrei
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was notable specifically when exposed concurrently to dichlorophenoxy-acetic acid (2,4-D)
and microplastic (MP). This outcome can be attributed to the established genotoxic effects
associated with both MP and 2,4-D (Boughattas et al., 2022). This is illustrated by the increased
MDA levels observed in earthworms exposed to the combination, providing additional insight
into the observed genotoxic effect. Our results are in accordance with the study of Huang et al.
(2021). Similarly, Huang et al. (2021) unveiled that the exposure to MP and Cd induces
significant harm to earthworms. These findings are in accordance with our results. In present
study, as a result of coexposure of (nanoplatics + glyphosate), tail length is increased with
increasing time in all treatments because, long tail length indicates more DNA damage. These
findings align with the investigation conducted by Boughattas et al. (2022) on earthworms,

where a combined exposure to microplastics and the herbicide 2,4-D indicate similar results.

4.8. Histopathological Alterations in Intestine of Earthworms
Histopathology stands as a prevalent technique for evaluating the deleterious impacts of diverse
stressors on soil invertebrates, as highlighted by He et al. (2022a). Soil-dwelling pollutants can
be taken up by earthworms through digestive absorption and or direct contact involving the
digestive tract and epidermis, as explained by Yang et al. (2020). Our result showed that within
control group, all examined sections exhibited normal histological features of earthworm
intestines, characterized by visible cell divisions, consistent cell shapes, and nucleus sizes.
Conversely, earthworm intestines exposed to polystyrene nanoplastics displayed enlarged
intestinal cells with irregular shapes, these findings are in accordance with the study of Jiang
et al. (2020), he conducted research on the toxicity of polystyrene microplastics on earthworms
over a duration of 14 days. It is widely recognized that smaller microplastics have a tendency
to be more retained within the earthworm intestine owing to their feeding preferences
(Rodriguez-Seijo et al., 2017; Huerta Lwanga et al., 2016; Curry and Schmidt, 2007). In this
study, we also employed nanoplastics with a size of 30nm, and it was observed that the smaller
plastic particles inflicted greater harm on the organisms, leading to the lysis of intestinal cells.
Our results are in accordance with (Jiang et al., 2020). The enhanced accumulation and greater
occurrence of abnormal histopathological effects on earthworms due to elevated microplastic
concentrations were also documented by Rodriguez-Seijo et al. (2017). These findings
correspond with the heightened mechanical damage observed in the earthworm intestines
resulting from the 30nm nanoplastic. Examination of gut histopathology revealed that
glyphosate exposure on Cyprinus carpio L. has the potential to induce pathological occurrences

such as villi tip shedding, necrosis, and edema. It is postulated that extended exposure to
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glyphosate might lead to impairment of the intestinal physical barrier (Ramos et al., 2017). Our
findings also indicate that glyphosate exposure leads to phenomena like cell lysis, irregular cell
division, and intestinal damage, as observed in the study by (Cao et al., 2022). The coexposure
of herbicide penoxsulam (PNX) and sliver nanoparticle (AgNPs) on earthworms for 56 days
resulted in alterations to the structural integrity of earthworm tissue, leading to variable degrees
of tissue damage. Coexposure induced notable harm to the intestinal tissue, evident as the
thinning of the intestinal wall and enlargement of the intestinal space (Le et al., 2022). Our
findings demonstrate that the combined exposure to (NPs + GLY) induces greater intestinal
damage, accompanied by intestinal enlargement and irregular nucleus sizes, which are in line

with the observations made by Le et al. (2022).
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5. CONCULSION AND RECOMMENDATIONS

To our knowledge, this is the first study on the influence of polystyrene nanoplatics and
glyphosate using Eisenia fetida as the model organism. The findings of present study showed
individual and combined exposure to glyphosate and nanoplatics induced toxicity. Various
parameters were examined in this study, including oxidative stress indicators such as ROS and
MDA content in earthworm tissues, activity of antioxidant enzymes, acetylcholinesterase
inhibition in the brain, DNA damage in earthworm coelomocytes, and histopathological
alterations in the intestine. Overall, it is clear that acetylcholinesterase activity was consistently
inhibited throughout the entire experimental duration. Furthermore, exposure to the pollutants
nanoplatics and glyphosate led to elevated ROS and MDA content in comparison to the control
group. Moreover, the activities of antioxidant enzymes (SOD and CAT) exhibited a significant
decrease as the duration of time increased. Both nanoplastics and glyphosate, as pollutants, lead
to a significant increase in DNA damage. This is accompanied by a progressive rise in tail
length and tail moment, coupled with a decline in head length. Likewise, both pollutants
induced profound histopathological changes within the earthworm intestine, resulting in
irregular cell shapes and cell lysis. Toxic contaminants are released in to environment and may
harm the terrestrial invertebrates. This information can be helpful in the future for the studies
on the toxicological effects of nanoplatics and glyphosate. To date, there has been no research
conducted in Pakistan concerning nanoplastic. It is suggested to investigate the nanoplatics
toxicity in the soil as well as exposure of contaminants in agriculture soil and their effects on
other biota and crops. These findings can provide valuable understanding into the toxicological
consequences of nanoplastics and their potential interactions with other coexisting
contaminants within soil ecosystems. It is crucial to emphasize that gaining a more
comprehensive understanding of the collective toxicity of Glyphosate (GLY') and polystyrene
nanoplastics (PSNPs) when present together as a mixture requires additional research.
Expanding our knowledge about the environmental impact of these contaminants, particularly
their effects on non-target organisms within complex mixtures, is essential for conducting a
more precise risk assessment. Furthermore, this research can provide fresh perspectives on how
nanoparticles induce toxicity in earthworms and highlights an area that may help in further

investigation in future studies.
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Annexure

Annexure 1

Calculations of Nanoplastics

Iml aqueous suspension of nanoplatics contains 2.5% nanoplatics beads = 2.5% nanoplastic beads

So, we have 2.5% w/v solution.

2.5
2.5% mean ==—9%
100

2.5g in 100 ml

_ 259

0
100 %

=0.025g/ml

=0.025%x1000mg/ml

= 25mg/ml

Now we have 1.05g density =1.05 g

So, in case when volume Iml =1g, then density would be equal to

d=1g
~m
=7
dxv=m
d=1

(1) v=m, If density is equal to one then volume would be equal to mass.
v=m

dxv=m

(1.05) (25) = 26.25mg/ml

m = 26.25mg/L

According to formula:

Given = 26.25 mg/ml
Required = 20 mg/L

C1vV1 = C2v2

201000

26.25/1ml xvl = ————
1000x26.25

V1=0.761ml

So, from aqueous suspension of nanoplastics volume 0.76 Iml will be taken and 999.239 water

will be added which will be equal to 0.761+999.239 = 1000 ml = 1L
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1ml nanoplastic suspension contains = 2.5% Nanoplastic beads
So, we have 2.5% w/v Solutions
2.5% means 2.5/100
=0.025 g/ml
=0.025x1000 mg/ml
=25 mg/ml
=25 mg/ml ---------- To prepare 20 mg/ L
Applying the formula:
Given =25 mg/ml
Required = 20 mg/L
ClVl1=C2V2
25xV1=20x1000
V1= 20x1000/25
=800ml
V1=800/1000
=0.8 ml

=> So, from nanoplastic suspension 0.8ml volume will be taken and 999.2 ml water will be added
which is equal to 0.8 ml+999.2ml water= 1000 ml = 1L

sk 3k sk sk sk sk sk i s sk sk sk sk i sk s sk sk sk i soske sk sk sk sk sk sk sk skl sk sk sk skosk sk skosk sk skoskosi sk sk sk sk skoskosi sk sk sk sk kot skoskoskoskokokokoskok skokokoskok

C]V] = Csz

25 mg/ml vi=25mg/kg x1kg

_ 25mg/kgx1lkg

25mg/ml
Vi=1ml

=> So, if we take 1 ml aqueous suspension of nanoplastic from stock solution vial, then this volume
will give us the nominal concentration of 25 mg/Kg.

25mg/mlx0.5ml

= Concentration
kg

=12.5mg/kg

= So, if we take 0.5 ml aqueous suspension of nanoplastic from stock solution vial, then this
volume will give us the nominal concentration of 12.5 mg/Kg.

=>» We have nanoplatics aqueous suspension containing 1 ml. So, 1 ml NPs aqueous suspension
contains 25mg/ml beads and half would be equal to 12.5 mg/ml. Hence, half ml is used for
combined exposure and half ml is used for individual.

85
Study on the Influence of Polystyrene Nanoplastics on the Toxicity of Glyphosate in Eisenia fetida



Annexure

Annexure 2

» Formulae for calculations of total protein, oxidative stress and antioxidant enzyme
activities by Mr. Muhib

Formula Total Protein Estimation using calibration curve:

0.12 -
y = 0.001x + 0.0055 0.1022
2 _
01 - R2=09929 ®
= 0.0855,.
s .o
& 008 1 0.069 .
n e
5 o
g 0.06 - 00485 .+
% 0.04 A 0028 . .
0.016 . &
0.02 -
-'.‘
0 i T T T T T 1
0 20 40 60 80 100 120
BSA Standard Dilutions (ng/ml)

=>» Standard curve of absorbance of BSA dilutions for determination of total protein in
unknown sample.
Slope Equation: Y= 0.001X + 0.0055

X= Y-0.0055/0.001

Whereas:
Y: Absorbance of unknown sample
X: Total protein in unknown sample (ng/ml)

sk sl sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk s sk sk sk sk s sk sk sk sk sk sk sk sk sk sk skeosie sk sk sk sk sk sk sk sk sk sk sk sk sk skeoske stk sk sk skeokoskokoskokosk

Formula for Calculation of ROS:

(Sample OD X Cuvette Vol. Xx10"6)
(Protein x Sample Vol.x Atime X (Constant 15600)

Reactive Oxygen Species (ROS) =

Units = U/mg Protein
Whereas:

Sample OD = Sample Absorbance
Cuvette Vol. = Volume of Cuvette
Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant
ATime = Measurement Time
15600 = Extinction co-efficient (M! cm™)
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Formula for Calculation of MDA

( Sample — ABlank)x Cuvette Vol. X1076) _
(Protein x Sample Vol.x Atime X (Constant 15600)

Malondialdehyde (MDA) =

Units= U/mg protein
Whereas:
ASample = Change in Sample Absorbance
ABlank = Change in Blank Sample Absorbance
Cuvette Vol. = Volume of Cuvette
Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant
ATime = Measurement Time
15600 = Extinction co-efficient (M cm™)

sk 3k sk sk sk sk sk ke s sk sk sk sk ke sk s sk sk sk ke s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ki s sk sk s ki skosk sk skoskok skoskok skoskok

Formula for Calculation of SOD:

(ASample — ABlank) X Cuvette Volx10"6)
(Protein x Sample Vol.x Atime X (Constant 6.22)

Superoxide Dismutase (SOD) =

Units = U/mg of protein
Whereas:
ASample = Change in Sample Absorbance
ABlank = Change in Blank Sample Absorbance
Cuvette Vol. = Volume of Cuvette
Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant
ATime = Measurement Time
6.22 = Extinction co-efficient (M cm™)

sk ok sk sk 3k sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk s sk sk s s sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk st sk sk s s sk sk sk sk sk sk sk sk sk sk sk sk sk sk skoske skeokeoske sk sk skeoskoskoskok

Formula for Calculation of CAT:

(ASample — ABlank)x Cuvette Volx10%6)
(Protein x Sample Vol.xA time x(Constant 43.1)

Catalase (CAT) = = U/mg of protein

Whereas:
ASample = Change in Sample Absorbance
ABlank = Change in Blank Sample Absorbance
Cuvette Vol. = Volume of Cuvette
Protein = Total protein in sample (mg/mL)
Sample vol = Volume of Enzyme Supernatant
ATime = Measurement Time

43.1 = Extinction co-efficient (M cm™)
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Annexure

Annexure 3

» Formulae for calculations of, AChE, oxidative stress and antioxidant enzyme
activities by Dr. Majid

. . (Tf-TD .
Acetylcholine Esterase activity (AChE) = ool U/min

Units = U/min

Whereas:
Tr= Final Absorbance
T;= Initial Absorbance

0.01= Time Constant (for 1 minute)

_ Tf-Ti

Catalase (CAT) 001

= U/min
Units = U/min
Whereas:

Tr= Final Absorbance

T= Initial Absorbance

0.01= Time Constant (for 1 minute)

R _ (Sample OD x Cuvette Vol xProtein)

* Reactive Oxygen Species (ROS) = = nM/mL

(Constant x Sample Vol.x Time)

. Sample OD x Cuvette VolxProtein
% Malondialdehyde (MDA) = (Samp - )_ nM/mL
(Constant x Sample Vol.x Time )

__ (ASample — ABlank) x Cuvette VolxProtein)
(Constant x Sample Vol.x Time )

L)

% Superoxide Dismutase (SOD)

= U/min
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Annexure 4
» Calculation for Antioxidants Enzymes Formula Sheet
Calculate protein content from linear regression equation:
Y=0.005X + 0.030
Y= absorbance (OD)
X has to find = Protein (Pr)

For all enzymes:

Total vol(ml) % Total enzyme extract % 1

.. oD 1
Enzyme activity = — X =X - - -
t(min) € Volumeof enzyme extract(ml) Weight of tissue (mg) Protein

Enzyme activity = pmol/mg/min
Here,

OD = As- Ap

OD = Optical Density

As = Absorbance of the Sample
Ab = Absorbance of the Blank

€ = extinction coefficient
¢=CAT =394 Mm! cm’!

g =POD =26.6 Mm! cm’!

t = incubation time

Total volume = Mixture of substrate, enzyme and buffer

In case of SOD,
Ac—At
Doy > =2 5100=x%
t Ac

X _
50
v Ac = Absorbance of Control

Y (Umin™! mg™! FW).

v At= Absorbance of the Sample at respective time interval

+* Second Method

A Total volume (ml) o 1

Specific activity of enzyme = X ,
exIxt Volume of enzyme extract (ml) Protein

A = absorbance (OD)

¢ = Extinction coefficient

1 = path length (1cm)

t = Incubation period/time of hydrolysis

Pr = Protein calculated from linear regression equation. x=?
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Example:

980 ul = substrate

20 pl =enzyme extract

3 ml = buffer

Total volume = mixture of above all (uml)

Smin = t (Incubation time)

e.g. A=0.35
a4 _ 035
t 5

%=0.o7min-l

AA
txlxe

1
4600 Lmol—1 cm—1 X1cm

=0.07 min! ( )

OR
=1.52 umol L"! min !

It can also be expressed as:

_ 15.2 ymol .
1000 ml
15.2 ymol min—-1
x total volume = x 4 ml

txIxe 1000 ml
=0.0609 pmol min™!

A 9 total volume _0.0609 pmol min-1
txlxe Vol.of Enzyne extract 20 pL
Convert 20ul to ml = ——= 0.02 ml

onve oml=——=0U. m

H 1000
~0.006090 pmol mim-1
0.02ml
=3.04 pmol min! ml™!
Protein = 10 mg ml™!

A » total volume % 1 3.04pmol min—-1mi-1

txlxe Vol.of Enzyne extract Pr 10mg ml-1

A =0.304 pmol min™! mg™! Pr.

Conversions
U = umol min™!
U/mg = pml min"! mg™!

U/ml = pmol min™! ml™!
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Annexure

Annexure 5

Activity = (AE xVf) / (At x € x Vs x d)
Whereas:

AE - is change in absorbance,

Vf - final reaction volume

Vs = volume of enzyme extract used.
At 2 is time of hydrolysis.

€ - is extinction coefficient.

d = is diameter of cuvette used.

The final answer is divided by mg or g protein of the tissue.

=> You can calculate enzyme activity of enzyme by using this :
Enzyme activity = change in OD / time taken (min) % 1 / extinction coefficient of enzyme x
total reaction volume / volume of enzyme extract taken x total volume of enzyme extract /
Fresh weight of tissue (g) x total protein x 1000 nano moles of enzyme present per gram of
sample tissue. For catalase extinction coefficient is 39.4 mM™' cm™! and for peroxidases 26.6
mM 'em!.
In case of SOD % inhibition = control OD - treatment OD/ control x 100 = X% inhibition.
50% inhibition is equal to 1 unit of enzyme, then X% is equal to 1/50 x X=Y unit.

=>» Calculate activity by inserting value of Y in above formula of activity in place of

change in OD w.r.t. time. Rest of formula will be same.

SOD — pmol / min / mg protein (umol min' mg™! protein)
CAT — pmol / min / mg protein (umol min™' mg™! protein)

POD — nmol / min / mg protein (nmol min™' mg™! protein)

D N NI NN

GR — nmol/min/mg protein (nmol min™' mg ! protein)
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