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Abstract

Nanoparticles (NPs) are widely used material due to their typical size (<100nm) and potential interaction mechanism.
Even though various precautionary steps were maintained during synthesis and handling of nanoparticles, aquatic and
terrestrial pollution were developed due to either intentionally or accidentally releasing of NPs. Three different
concentration (120, 150 and 180ppm) of copper oxide (CuO) NPs were exposed to the adult Eudrilus eugeniae earthworm
for 14 days (n=20). Gut tissues were subjected to biochemical (AST, ALT, ACP, ALP, Total protein) and enzymatic (SOD,
GSH, GPx, GST, and CAT). Considerably increased exposure of CuO NPs resulted in the increased (P<0.05 and P<0.01)
tissue damaging enzymes such as transaminases and phosphatases in the Gut tissues of the treated earthworms. This
condition was evidenced in the reduction of decreased total protein levels in the treated worms than control. Decreased
antioxidant enzyme levels were observed in the treated earthworms than control. Our study concluded that exposure of
CuO NPs to the E. eugeniae resulted in the significantly varied biochemical and antioxidant enzymes in the gut tissues.
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Nanotechnology is considered as one of the quickest
growing fields. Nanoparticles sizes are always less than 100
nm. Almost all recent technologies, including computers and
medicine delivery systems, have used nanoparticles [1]. In
addition to being used in wastewater treatment [2],
nanoparticles have also been used in agriculture for sustained
growth of plants where they act as carrier ions, magnetic
resonance imaging, magnetic sensing and ultrasonography [3-
6]. Nanoparticles (NPs) can be used for a number of additional
beneficial purposes, but when handled improperly, they can
also have negative effects on the environment and living things,
including pollution and poisonous effects. From 2005 to 2010
there was a sharp increase in the improper disposal of
nanoparticles [7].

Copper oxide (CuO) nanoparticles has unique
characteristics such as conductivity, stability, catalytic activity,
antibacterial and anticancerous activities, has attracted greater
interest than other nanomaterials. Due to its accessibility,
affordability than compared to the costliest noble metals like
gold and silver, and also has effective potential as microbial
agents, researchers are gaining increased attention towards CuO
NPs [8-9].

Even though there are numerous safety precautions that
must be taken when creating and managing nanoparticles,
disposing of trash, and cleaning up, inappropriate removal of
nanomaterials is still a common practice. According to
MacCormack and Goss [10] and Boraschi et al. [11], enhanced
utilization and inopportune removal of nanoproducts will
certainly cause the spread of nano-waste into the ecosystems,

having a negative impact on soil-dwelling organisms and even
possibly causing the extinction of some species, particularly
earthworms.

Several vertebrates such as mice and fish are often used,
utilizing smaller species like earthworms [12] can save time and
aid in the investigation of the effects of NPs. Earthworms are
the most common soil invertebrate animals and constantly
exposed to viruses, bacterium and fungi. The hazardous effects
of nanoparticles have been widely studied using earthworms,
and they provide an overview of the consequences of
chemically synthesized CuO NPs.

Due to discerning rummaging, the gut regions are
frequently more concentrated in few soil particles, nutrients,
organic matter and water, which can support the enhanced
microbial activities. Various biochemical measures are
employed to evaluate the enzyme action in earthworms, and
AST and ALT levels operate as indicators of chloragogen cell
activity [13]. A change in the metabolic pathway for
carbohydrates that favours the anaerobic breakdown of
glycogen, which is typically observed in organisms under
stress. Though aspartate transaminase (AST or L-aspartate 2-
oxoglutarate aminotransferase) and alanine transaminase (ALT
or L-alanine 2-oxoglutarate aminotransferase) enzymes are
known to be important in transporting L-amino acids for
gluconeogenesis process and serve as bridges between the
metabolism of carbohydrates and proteins [14].

Alterations in physiology, disease, and artificial
environmental  stress.  Numerous enzymes, including
transaminases and alkaline and acid phosphates (ALP, ACP),
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are tested as helpful indicators to identify cellular deterioration
and cell rupture. Two transaminases that are crucial for protein
and carbohydrate metabolism, serve as markers for tissue injury
[15]. The main objective was to study the effect of CuO NPs on
E. euginea gut tissues biochemical parameters (AST, ALT,
ACP, ALP and total protein) and antioxidant enzymes (GSH,
GST, GPx, SOD and CAT).

MATERIALS AND METHODS

Experimental animal

The earthworm, Eudrilus eugeniae is an epigeic alien
species acquired from Periyar University (Vallam, Tanjore,
Tamil Nadu) and moved to Jamal Mohamed College
(Tiruchirappalli) for acclimatization. After 5 weeks, the adult
earthworms are gathered and divided into groups [16]. Groups
of 20 are kept in separate pots with 10 kg of soil each.
Chemically synthesized CuO NPs acute toxicity (14 days) on E.
eugeniae resulted in earthworm mortality, with LC50 of 1100-
1200ppm. For this study, three different concentrations of CuO
NPs (120, 150, and 180ppm) were chosen.

Biochemical parameters

The tissue samples from the dissected earthworms are
homogenized in cold phosphate buffer (0.1M, pH 7.2), followed
by centrifugation at 4°C for 20min at 10,000 rpm. The ALT,
AST, ALP, and ACP enzymes are measured in the clear
supernatants [17]. The Diagnostic laboratory examined each
biochemical parameter. The approach of Lowry et al. [18] is
used to assess the protein content in different earthworm tissues.

Antioxidant enzyme studies

Samples of earthworm gut tissue were centrifuged at
10,000 g for 20 minutes at 4°C after being homogenized in cold
phosphate buffer (0.1M, pH 7.2). The GSH, SOD, GST, CAT
and GPx activities were determined using the clear
supernatants, or they were stored at 80°C for later use [17].

Superoxide dismutase (SOD) activity

According to Giannopolitis and Ries [19] method,
efficiency of the SOD which prevent the photochemical
denaturation of nitroblue tetrazolium chloride (NBT) was
estimated. The sample extract was mixed with EDTA
(100mM), phosphate buffer (pH 7.8, 50 mM), riboflavin (20
mM), NBT (750 mM), and methionine (130 mM) were allowed
to react for 15 minutes. At 560 nm, absorbance of the mixture
was measured. One unit of enzyme activity (U) was defined as
the amount of enzyme that reduced the rate of NBT
autooxidation by 50% and the values were expressed as U/mg
protein.

Reduced glutathione (GSH) and GPx activities

Anderson [20] method was used to test reduced
glutathione. The sample extract was mixed with sodium
phosphate (125mM), disodium EDTA (6.3mM), NADPH
(0.3mM) (pH 7.5), and 5,5'dithiobis-2-nitrobenzoic acid
(DTNB) solution. To convert all GSSG (oxidized glutathione)
into GSH, to the mixture GSH reductase (GR) one unit was
added. GSH concentration was measured at 412 nm absorbance
after 5 minutes of incubation and values expressed as mg100g-
1, Clair and Chow [21] method used to measure GPx activity.
In Tris-HCI buffer (50 mM, pH 7.5), the sample extract was
mixed with disodium EDTA (2mM), sodium azide (1mM),
GSH (1mM), NADPH (0.2mM) and GR one unit. For the
initiation of reaction, cumene hydroperoxide (1.2 mM), and
GPx were added by measuring the optical density (340 nm).

The enzyme activity data were represented as mgl00g™ of
tissue.

Glutathione-S-transferase (GST) and catalase (CAT) activities

GST activity was determined by using Habig et al. [22]
method. Potassium phosphate buffer (100 mM, pH 6.9), GSH
(1 mM), 1-chloro-2,4-dinitrobenzene (1 mM), and the sample
added to the reaction mixture. At 340 nm, optical density of the
solution was measured and represented as mg100g™ of tissue.
Claiborne [23] method was used to measure catalase (CAT)
activity. The sample extract was mixed with phosphate buffer
(pH 7.0, 66 mM) and H.0, (3%). At 240 nm, the optical density
of the catalase enzyme was measured and are reported as Umg-
L of protein.

Statistical analysis

For the examination of the statistical difference in
biochemical and antioxidant enzyme levels in earthworms
subjected to nanoparticles compared to the control sets. P<0.05
was used to signify a significant difference. Values were
evaluated for the one-way analysis of variance (ANOVA).

RESULTS AND DISCUSSION

Ingestion of soil particles along with CuO NPs were
augmented into the earthworm’s body through gut tissues.
Treated worms gut tissues showed significantly varied tissue
damaging enzymes and antioxidant enzymes than control group
worms. The physiological condition, age, and microorganisms
all have an impact on the region-specific specialization of
earthworm enzyme activity [24].

Earthworms treated with ZnO NPs had altered enzyme
levels as a result of the altered physiological state brought on
by the organs' lower biochemical makeup. Eisenia fetida treated
with ZnO NPs and found that increasing accumulation occurs
as NPs concentration rises [25], supporting the findings of this
study. Many various forms of environmental contaminants
disrupt the cell's normal metabolic process, causing in the
generation of reactive oxygen species (ROS), which leads to
cell and tissue denaturation; thus, a high level of antioxidant
enzymes may involve in defending biosystem [26].

Biochemical parameters

Total protein and tissues damaging enzymes such as
aspartate transaminase (AST), alanine transaminase (ALT),
acid phosphatase (ACP) and alkaline phosphatase (ALP) levels
were analyzed. Significantly decreased total protein levels
(F=0.90, P<0.05) were observed as 0.90+0.02, 0.75+0.03 and
0.58+0.03gm/dL for 120, 150 and 180ppm respectively than
control group (1.01+0.02gm/dL) earthworm gut tissues (Table
1). In Control group, the ALT and AST levels were observed as
56.06+4.88 and 98.11+6.08IU/L. Treated groups ALT levels
were found as 61.12+2.34, 67.80£2.74 and 75.27+3.561U/L for
120, 150 and 180ppm groups respectively. Similarly, increased
AST levels were observed as 102.34+5.35, 114.47+4.35 and
123.58+4.731U/L for 120, 150 and 180ppm respectively.
Significantly increased ALT (F=1.11, P<0.05) and AST
(F=2.02, P<0.05) were observed in treated groups than control
due to the deamination of the proteins and other
macromolecular degradation.

Membrane damages leads to the release of phosphatase
enzymes such as ACP and ALP. Control ALP levels was
observed as 101.01+£3.58IU/L  whereas 119.94+2.16,
131.35+1.68 and 145.68+1.38IU/L for 120, 150 and 180ppm
respectively (Table 1, Fig 1). Control ACP levels was observed
as 123.45+3.631U/L whereas 138.01+1.70, 149.74+2.14 and
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160.53+2.111U/L for 120, 150 and 180ppm respectively.
Significantly (P<0.01) increased ALP (F=2.11) and ACP

(F=1.98) were observed in treated groups than control due to
the membrane integration damages and releases.
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Fig 1 Transaminases and phosphatase enzyme analysis in CuO NPs treated earthworm E. eugeniae

Two essential enzymes known for their roles in the
utilization of proteins and carbohydrates are GOT and GPT.
Transamination chemical reactions are common in stressful
environments, and the enzymes are generated following cellular

damage or lysis, they can be used to gauge how much stress an
organism is experiencing as a result of exposure to a toxicant
[27]. ALP is a chemical that is used as an intermediary step in
the production of glycogen and the breakdown of glycogen.

Table 1 Control and CuO NPs treated earthworm gut tissues biochemical and antioxidant enzyme studies

Biochemical parameters

Groups ALT (IU/L) AST (IU/L) ALP (1U/L) ACP (IU/L) __ Total protein (gm/dL)
Control 56.06+4.88 98.11+6.08 101.0123.58 123.45£3.63 1.010.02
120ppm 61.12+2.34 102.3445.35 119.94+2.16 138.01£1.70 0.900.02
150ppm 67.80£2.74 114.4744.35 131.35+1.68 149.74+2.14 0.750.03
180ppm 75.27+3.56 123.58+4.73 145.68+1.38 160.53+2.11 0.58+0.03
F value 1.11* 2.02* 2.11%* 1.98%* 0.90*

Groups Antioxidant enzymes

GSH (mg.100gh) GPx (mg.100g?) GST (mg.100gh) SOD (U.mg?) CAT (U.mg?)
Control 7.060.11 3.09+0.08 198.05+1.23 3.290.21 20.3£0.11
120ppm 6.56+0.23 2.98+0.06 154.300.99 3.11£0.14 17.60.07
150ppm 6.00£0.31 2.45+0.05 112.81+1.03 2.58+0.26 11.7+0.04
180ppm 5.690.29 2.300.06 97.690.91 2.3240.11 9.80+0.08
F value 2.16* 1.64* 2.89** 1.24* 1.99*

*P<0.05; **P<0.01 significantly varied from the control earthworm (n=20), GPx: Glutathione peroxidase, GSH: Reduced glutathione, GST:

Glutathione-S-transferase, SOD: - Superoxide dismutase, CAT: Catalase

ACP is a hydrolytic lysosomal enzyme that fights
invading, poisonous foreign compounds by releasing it during
hydrolysis process. The foreign substance is cleansed by ACP
[28]. Similar to our findings, Ahmed et al. [29], Habiba and
Ismail [30] observed increased transaminases, acid and alkaline
phosphatases in relation to lower protein levels in earthworm
tissues exposed to various pollutants. There are no significant
modifications in antioxidant enzyme levels in the three different
earthworm species following carbaryl (12 and 25 mg/kg) and
Pb (75 and 150 mg/kg) treatment.

Antioxidant parameters
Antioxidant enzymes are basically involved in the
elimination of oxidative species or oxygen radical. Reduced

glutathione levels were significantly (F=2.16, P<0.05) reduced
CuO NPs treated 6.56+0.23, 6.00+0.31 and 5.69+0.29mg.100g"
! for 120, 150 and 180ppm groups respectively than control
worm levels as 7.06+0.11mg.100g*. Similarly, Glutathione
peroxidase (F=1.64, P<0.05) and GST (F=2.89, P<0.01) levels
were also significantly decreased as 2.30+0.06 and
97.69+0.91mg.100g™ in 180ppm (Table 1) groups respectively.

Control worms GST levels were observed as
198.05+1.23mg.100g? whereas CuO NPs treated groups
154.30+0.99, 112.81+1.03 and 97.69+0.91 mg.100g™ for 120,
150 and 180ppm groups respectively. Control group SOD and
CAT levels were observed as 3.29+0.21 and 20.3+0.11 U.mg*
respectively. SOD levels of the CuO NPs treated groups (120,
150 and 180ppm) were observed as 3.11+0.14, 2.58+0.26 and



2.32+0.11U.mg* respectively. CAT levels in the CuO NPs
treated groups (120, 150 and 180ppm) were found as 17.6+0.07,
11.740.04 and 9.80+0.08 U.mg™ respectively. Significantly
decreased GST (F=2.89), SOD (F=1.24) and CAT (F=1.99)
levels were observed as increasing concentrations of the CuO
NPs.

Acute exposure (14 days) of lead resulted in the
significantly varied antioxidant enzyme levels in E. eugeniae.
150ppm Pb treated earthworm showed a substantial decrease in
SOD activity. Significantly decreased levels of catalase was
also reported in earthworms P. excavatus and E. eugeniae
treated to the similar quantity of Pb. Our studies are
corroborated by Liu et al. [31], who observed suppression of
SOD and CAT enzyme activity in E. fetida following 7 days of
exposure to HHCB (1,3,4,6,7,8,8-hexahydro-4,6,6,7,8,8-
hexamethyl-cyclopenta-c-2-benzopyran) at 50-100ppm. One
probable explanation is that H,O; inhibits SOD [32]. Du et al.
[33] also found that E. fetida was significantly lower in SOD
and CAT levels after being exposed to 50-100 ppm of DBP
(Din-butyl phthalates) for 28 days. Several research on the
association between the cellular GST levels and metal
pollutants revealed that the chemical glutathione has a cell
protective mechanism against metal pollutant induced toxicity
[34].

P. ceylanensis treated to carbaryl and Pb of 50 mg/kg and
150 mg/kg for 10 and 14 days respectively, showed reduced
GSH. This is consistent with recent research on Lampito
mauritii, which showed that depletion of GSH level occurred
after exposure to enhancing concentrations of lead (75, 150, and
300 mgkg™) for one week [35]. P. excavatus and E. eugeniae
exposed to Pb showed a considerable rise in GST levels, and
under carbaryl stress conditions, E. eugeniae and P. ceylanensis

showed a decrease in the activity of the same enzyme. Both Pb
and carbaryl treatment decreased the GPx activity in all three
earthworm species [36]. Maity et al. [35] also evidenced that L.
mauritii subjected to soil contaminated with 75, 150, and 300
mg kg of Pb had higher GST and GPx levels. The enzymatic
profiles of GPx, GST, GSH, CAT and SOD provided a strong
indication of the earthworms' ability to tolerate long-term
exposure to agro pesticides and metal-contaminated soil.
Similar enzymatic and biochemical results were reported by
Biruntha et al. [37] in Eudrilus eugeniae treated with zinc
nanoparticles.

CONCLUSION

Copper oxide nanoparticles treated earthworm gut
tissues showed significantly varied tissue damaging enzymes
and antioxidant enzymes than control group earthworms. NPs
augmented through soil entered into the gut tissues which
resulted in the altered biochemical and antioxidant enzymes in
the treated earthworms.
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