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ABSTRACT

Copper oxide nanoparticles (CuONPs) exhibit antibiotic, antimicrobial, and antifungal properties. They are utilised in
conductive inks and pastes as a cost-effective alternative to pricey metals in display electronics and transmissive
conductive thin film technologies. CuONPs induce neurobehavioral dysfunction, genotoxicity that varies with the dose,
changes in haematological parameters, nephrotoxicity, and liver damage. The primary mechanism underlying the
toxicity of most nanoparticles (NPs) is the activation of oxidative stress through the creation of reactive oxygen species
(ROS). The bacteria Lactobacillus acidophilus (L. acidophilus), a significant probiotic found in the human intestinal tract,
was first discovered in the human gastrointestinal tract and has been extensively researched since its identification in
1900. Lactobacillus acidophilus has been discovered to have significant contributions to various facets of human health.
Its acidic nature and bile salt resistance make it highly suitable for use in functional, consumable probiotic formulations,
offering wide-ranging application potential In this study, Swiss albino mice were categorised into four distinct groups:
group 1 was given distilled water (vehicle), group 2 was given only probiotic group 3 received CuONPs (80mg/kg body
weight), and group 4 was given CuONPs + probiotic. Hepatotoxicity was evaluated by measuring serum parameters
including ALT, ALP, and total protein and Oxidative stress was also assessed by certain antioxidant enzymes. CuONP was
found to dramatically increase ALT and ALP levels, while decreasing total protein levels. The CuONPs had a significant
impact on the oxidative stress as indicated by increased LPO and decreased GPx, SOD, and CAT activity. However, the
administration of probiotic Lactobacillus acidophilus, in combination with CuONPS, resulted in the restoration of normal
liver serum parameters and an increase in antioxidant enzymes. This indicates that the probiotic has protective effects
against CuONPs induced hepatotoxicity.
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INTRODUCTION

Metal nanoparticles (NPs) are widely utilised and play a significant role in the fields including
nanotechnologies as well as nanoscience. Nanoparticles (NPs) are utilised throughout various industries,
including the medical, scientific, and pharmacological sectors, for applications related to nanotechnology.
Nanoparticles are utilised well in medication delivery techniques, enzyme research, surface protective
coatings, biological sensors, and diagnosis [1]. Moreover, metallic nanoparticles are employed in medical
settings to address metabolic problems, as well as in other industries and common consumer goods,
including sunblock, perfume, and skincare. They are widely utilised in the textile sector, food processing,
antibiotic synthesis, and electrical components [2]. Due to their growing use, these substances are
discharged into the environment, leading to direct exposure to humans [3]. Although nanotechnology
offers numerous benefits, its widespread use presents significant health hazards for humans. They
infiltrate the body through multiple means. Upon entering the human body, nanoparticles (NPs) disrupt
the regular biological processes and result in harm to the kidneys, liver, lungs, and nerves [4]. The liver is
located within the upper right quadrant in the abdomen and serves as the crucial organ responsible for
detoxifying and the removal of waste products from the circulation. Due to its role as the main organ
responsible for detoxification, the liver is highly susceptible to significant damage, even under normal

ABR Vol 15 [4] July 2024 488|Page © 2024 Author


http://www.soeagra.com/abr.html
mailto:hansachaudhary014@gmail.com
mailto:neelukanwar.rajawat@iisuniv.ac.in

circumstances [5]. Nanoparticles (NPs) have an impact on several organs, such as the spleen, kidneys,
brain, heart, and lungs. Nevertheless, the liver is particularly susceptible to the impact of NPs due to its
role in the detoxification of excretory chemical [6].

Copper oxide nanoparticles can also function as a valuable catalyst for combustion in rocket propellants.
Copper oxide nanoparticles (CuONPs) have emerged as a prominent category of nanomaterials that pose
potential risks to organisms and the environment in several applications, including industrial, chemical,
electrical, and medical fields [7]. CuONPs have become significant nanomaterials in various applications
and their potential harm to living organisms and the environment has led to increased human exposure
due to their wide range of uses [8,9]. "The induction of toxicity by copper oxide nanoparticles (CuO NPs)
is primarily attributed to oxidative stress and the production of reactive oxygen species” [10].

Probiotics are live microbial supplements that can be ingested by the host. They exert beneficial impacts
on their host by enhancing the microbial equilibrium in the gastrointestinal tract and by regulating the
host's immune system [11-13]. Lactic acid bacteria (LAB), a type of bacterium, have been found to
regulate hypertension, alter lipid levels as well as hyperglycemia, and to inhibit oxidative damage [14].
Introducing probiotic bacteria, such as LAB strains, into the gastrointestinal system can effectively
remove or reduce the harmful effects caused by heavy metals or toxic fungus [15]. The presence of
bacterial compounds such as the mannan oligosaccharides or peptidoglycans in the cell wall of these
organisms allows the cells to attach to these toxins [16-19]. Certain strains of probiotic bacteria and
yeasts, such as L. rhamnosus, L. plantarum, and Saccharomyces cerevisiae, have the ability to bind to
different heavy metals like lead, cadmium, copper, and mercury [8, 2, 20, 21].

Several strains of Lactobacillus have a lengthy track record of being employed in the production of food.
The reason behind that is due to Lactobacillus is a bacterium that produces lactic acid and is classified as
"generally recognised as safe". Presently, there is a burgeoning interest in utilising it as a nutritional
supplement for both people and animals [13]. Bacteria of the genus can be detected in the oral cavity,
intestinal tract, and vagina [22, 23, 16]. Lactobacillus spp. has the potential to enhance gastrointestinal
health, alleviate allergies, and mitigate liver disease through multiple methods, including the production
of metabolites that directly hinder harmful microorganisms, modulation of the immune system, and
alteration of the gut microbiota [24-26]. The presence of microbes in the gut has been observed to have
an impact on liver disease. The reason for this is that the vein system of portal circulation establishes the
connection between the gut and the liver, and there is a strong anatomical and functional relationship
between the GI tract and the liver [27].The therapeutic benefits of several probiotics have been validated
in both non-alcoholic and alcoholic liver disorders.

MATERIAL AND METHODS

Chemical structure and characterization of Copper Oxide Nanoparticles (CuONPs)

Copper oxide nanoparticles (less than 50 nm in size) were acquired from Sigma Aldrich. The CuONP

powder was disseminated in distilled water and then aggressively stirred and sonicated to form a stock

solution. Prior to each use, the stock solution underwent sonication for approximately 20 seconds to

ensure proper particle suspension. The probiotic Lactobacillus acidophilus was purchased from Inlife and

administered in accordance with the recommended dosage shown on the probiotic packaging.

Experiment Animal

Swiss albino male mice weighing between 25 and 30 gms were used. The animals are currently residing

in an animal facility at an IIS (deemed to be University), Jaipur that has been officially authorised with

CPCSEA (Registration No: 1689/P0O/Re/S/13/CPCSEA).The subjects were maintained within a natural

light-dark phase and provided with unrestricted availability of food and water. The animals were

accommodated in the animal facility for a period of fifteen days before the start of the research, in order

to facilitate their acclimation to the environment. Each group contained a minimum of 6 animals during

the autopsy.

Agents and their dosage

A fraction of 1/5 of the lethal dose (dosage was employed).

= The dosage of copper oxide nanoparticles (CuONPs) is 80 milligrams per kilogramme of body weight.

= The concentration of Lactobacillus acidophilus (a type of probiotic) is 6.4 milligrams per kilogramme
of body weight.

»=  Route of administration: The drug was administered orally.

Experimental groups

Four groups were established, with six animals per each group, and doses were administered via oral

gavage. The dosage period lasted for duration of 30 days.

e  GROUP 1: The control group is administered with distilled water.
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e  GROUP 2: Lactobacillus acidophilus (a type of beneficial bacteria known as a probiotic)

e  GROUP 3: CuONPs (Copper oxide nanoparticles)

e  GROUP4: consists of Copper Oxide Nanoparticles (CuONPs) combined with Lactobacillus acidophilus,
which is a type of probiotic.

Preparation of the sample

At the conclusion of each treatment period, the animals were euthanized by cervical dislocation. The liver

was then extracted with caution on a glass plate that had been chilled on ice. The liver was subsequently

utilised to assess parameters related to oxidative stress. A cardiac blood sample was collected to analyse

biochemical parameters employing serum.

Parameters related to oxidative stress

The activity of glutathione peroxidase (GPx) ; The activity of lipid peroxidation (LPO), Catalase and super

oxide dismutase (SOD) activity was measured using a Kit Methods.

Biochemical measurements

The Accurex autozyme kit was utilised for the quantification of Alanine transaminase (ALT), aspartate

aminotransferase (AST), alkaline phosphatase (ALP), and total protein (TP).

Data evaluation
The data were generated using the statistical programme SPSS (version 21.0) employing a one-way
analysis of variance (ANOVA).

RESULTS

In the present study CuONPs and a probiotic called Lactobacillus acidophillus changed the amounts of a
liver biomarker in their serum. The first table shows that CuONPs caused liver damage, as shown by
higher levels of ALT and ALP in the serum, while serum total protein levels were lower (P < 0.01) in
comparison with the control amounts. The group that received copper oxide nanoparticles along with the
probiotic Lactobacillus acidophilus had significantly higher serum total protein levels (P < 0.01) and lower
serum ALT and ALP levels in comparison with the group that received 80 mg/kg of CuONPs, which caused
hepatotoxicity (table no.1).

GROUPS PARAMETRES
ALT (U/L protein) | ALP ( U/L protein) | Total protein (g /dl protein)
Control 37.30+1.077 65.11+1.74 ¢ 7.45+0.054
PROBIOTIC (Lactobacillus acidophilus) | 35.56 + 0.61 6430+ 144« 5.78 £0.284d
CuONPs (80mg/kg) 162.99 + 4.54 91.48 +0.965¢ 3.20+ 5454
PROBIOTIC+ CuONPs (80mg/kg) 101.40 +2.77 85.24 +.707 ¢ 5.10+2.774

Tablel. The impact of a probiotic called Lactobacillus acidophilus with copper oxide nanoparticles on the
amounts of alanine transaminase (ALT), alkaline phosphatase, and total protein on mice were exposed to
copper oxide nanoparticles (CuONPs). The values are given as mean + SEM (n=6). P value <0.01 value is
significant. (c) Significantly distinct from the control group. (d) Significantly distinct from the group of
male Swiss albino mice that were given copper oxide nanoparticles.

The analysis showed a significant increase (p<0.01) in the amount of malondialdehyde (MDA), which is a
sign of lipid peroxidation (LPO), within the tissue of the liver of male mice that were given CuONPs
compared to the control group (Fig1). A significant drop was seen in the amount of MDA in liver tissue in
the group that was given 80 mg/kg of CuONPs with 6.4 mg/kg of Lactobacillus acidophilus probiotic,
compared to the group that only received 80 mg / kg of CuONPs (the figl).
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Figure 1:- shows how the probiotic Lactobacillus acidophilus changed the MDA levels of male mice. The
results are shown as the mean + the standard deviation. cSignificant distinction when compared to a
control group (p < 0.01). dsignificant distinction related to the groups that received 80 mg/kg of CuONPs.

There was a significant drop (p<0.01) in the amount of glutathione peroxidase within the tissue from the
liver of mice that were given 80 mg / kg of CuONPs compared to the control group. When compared to the
group that only received 80 mg/kg of CuONPs, the group that received 80 mg/kg of CuONPs along with
6.4 mg/kg of Lactobacillus acidophilus probiotic showed a significant rise in glutathione peroxidase
(Figure2).
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gure 2:- shows how the probiotic Lactobacillus acidophilus changed the levels of glutathione peroxidase in
male mice. The data are shown as the mean * the standard deviation. There was an ¢significant difference
to the control group (p < 0.01). There was a dsignificant difference between the CuONPs groups +
probiotic Lactobacillus acidophilus and the 80 mg/kg dose group.

The study discovered that liver tissue from mice given 80 mg/kg CuONPs had significant lower levels of
superoxide dismutase than liver tissue from the control group. SOD activity rose up significantly in the
group that received 80 mg/kg of CuONPs * 6.4 mg / kg of Lactobacillus acidophilus probiotic, compared to
the group that only received 80 mg / kg of CuONPs (Figure3).
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Figure 3:- The manner in which the probiotic Lactobacillus acidophilus changed the levels of superoxide
dismutase in male mice. Numbers are shown as mean + standard variation. ¢ Difference that is statistically
significant compared to the control group (p < 0.01); 4 Difference that is statistically significant compared

to who received 80 mg/kg of CuONPs.

In the study, liver tissue from male mice that were given 80 mg per kg of CuONPs had significantly lower
levels of catalase than liver tissue from the control group. The treated group's catalase activity rose up
significantly after getting 80 mg/kg of CuONPs + 6.4 mg/kg of Lactobacillus acidophilus probiotic,
compared to 80 mg/kg of CuONPs (Figure 4).
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Figure 4:- The manner in which the probiotic Lactobacillus acidophilus changed the catalase levels of male
mice. Numbers are shown as mean * standard variation. ¢ Difference that is statistically significant
compared to the control group (p < 0.01); 4 Difference that is statistically significant compared to the
groups that received 80 mg per kg of CuONPs.

DISCUSSION

Nanotechnology is growing very quickly, and nanomaterials (NPs) are thought to have a huge number of
possible uses because of the special ways they behave [27]. The nanoparticles of metal (MNPs) have
gotten a lot of attention in the business world because they are different from other NPs in a number of
ways, such as their small size, different electronic, magnetic, optical, and mechanical qualities, as well as
the shape of the particles, makes them more interesting. These tiny particles are mostly nanoparticles of
metal and metal oxide nanoparticles. MNPs are used in a wide range of goods and fields, such as
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electronics, cosmetics, paints, food additives, and biologic and medical systems [28] and [29]. Since MNPs
are used in so many things, they will eventually get towards the environment or come into close contact
with people. Because of this, the possible harms they could cause to people and the world have gotten
even more attention [30]. There are several ways for MNPs to get into the body, such as through the skin,
the lungs, or the digestive tract. They can then move through through the circulatory or lymphatic system
and end up in different tissues [31]. Prior research on metal nanoparticles and metal oxide nanoparticles,
such as nano-Nickle, nano-silver, nano-Copper, nano-zinc oxide, and nano-Titinium oxide, has
demonstrated that these particles can enter the lungs and gastrointestinal tract via inhalation and
ingestion, respectively. They can then move into the bloodstream and accumulate in specific organs, such
as the liver and mononuclear phagocytic system [32]. The liver, as a secondary site of exposure, plays a
crucial role in accumulating MNPs at far higher levels than other organs [33].

The groups that were administered a dose of CUONPs (80 mg / kg of body weight) exhibited a notable
elevation in the levels of ALT, AST, and ALP activity in comparison to the control group. The enzymes'
activity is typically employed to assess liver function. ALT is an enzyme involved in protein metabolism,
while AST is a mitochondrial enzyme that contributes towards the metabolism for the amino acid alanine.
Typically, ALT and AST are found inside liver cells, while ALP is situated at the cell membrane. Upon liver
injury, these enzymes are released into the bloodstream. The level of hepatic cell death is elevated in
cases of shock or medication toxicity [34]. The observed rise in enzyme activity results in the release and
impairment of the functional integrity of the plasma membranes of the liver [35] and Mohammadyari [36]
along with colleagues also observed comparable findings, noting a substantial rise in hepatic enzyme
activity in Wistar rats undergoing an in-vivo toxicity evaluation of CuONPs. Rats exposed to CuONPs
exhibited a notable reduction in the levels of SOD, GPx, GSH, and CAT activity in comparison to the control
group. The findings of our study align with the previous research conducted by Sandhu and collaborators
[37]- They also reported a decrease in GSH and CAT levels, along with an increase in ROS concentrations.
This indicates that oxidative stress may be the initial mechanism via which CuONPs cause toxicity in rats
after accumulation of 02-, hydrogen peroxide (or their byproducts). Depletion of CAT activity leads to an
inability to tolerate oxygen and triggers several negative responses, including oxidation of proteins and
DNA, as well as cell death [38]. The data strongly indicate that CuONPs might directly or indirectly
increase the production of free radicals by reducing antioxidant defence mechanisms, resulting in a
decrease in the functioning of systemic antioxidants [39]. The CuONPs group had significantly greater
AST, ALT and ALP values and lower TP, ALB,GBL ,BLB values than the control group (P<0.01) but when be
administered probiotic (Lactobacillus acidophilus) with 80 mg/kg of CuONPs group had significantly
lower AST, ALT and ALP values and greater TP, ALB, GBL ,BLB values than the 80 mg/kg of CuONPs group
(P < 0.01). SGOT and SGPT activity were lower in the probiotics and conventional medication treated
groups compared to controls, but ALB and TP levels were not statistically different in rats given 0.05 and
0.1 ml L. acidophillus. This finding was consistent with data from other research on the role of probiotics
on liver enzyme activity by Cesaro C, et al [42] and Kirpich IA, et al [40]. The pervious facts indicate the
toxicity caused by EDS, in which drug induced liver injury and nephrotoxicity was followed by an increase
within fat, hepatic, and renal functional indicators (AST,ALT, ALP, urea, GGT, and protein creatinine) and
lipid peroxidation, as well as a decrease in catalase and superoxide dismutase activities. This toxicity also
caused programmed cell death. By mouth treatment of BJ0021 orally to pregnant mice dramatically
reduced EDS produce toxic effects reported by Lin MY, et al, [41].

The CuONPs group had significantly greater LPO values and lower GPx, SOD and CAT values than the
control group (P 0.01) but when be administered probiotic (Lactobacillus acidophilus) with 80 mg/kg of
CuONPs group had significantly lower LPO values and greater GPx, SOD and CAT values than the 80
mg/kg of CuONPs group (P< 0.01). The efficacy the prebiotics, synbiotics as well as probiotics preventing
carbon tetrachloride induced hepatic damage within rats. Probiotic species L. plantarum, L. pentosaceus,
Lactobacillus acidophilus, and L. lactis were employed in this research, as well as prebiotic species,
oligofructan, and enulose alone or in mixture (symbiotic). Also, those probiotics aid for maintain a stable
amount for liver enzymes, resulting in hepatoprotective effect. However, this CCl4 elevated LPO and
lowered oxidative enzymes such as catalase, GPx and glutathione, which increases oxidative stress at the
level of the cell and eventually causes liver rotted. However, even after administering probiotics, the
levels of the antioxidants and LPO be left constant in these animals. Probiotics can decrease antioxidative
stress caused by reactive oxygen species following CCl4 exposure [37].
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CONCULSION

CuONPs in the liver caused several adverse effects including changes in liver enzyme activities and
generation of ROS that causes changes in antioxidants levels of liver. Based on our results, we propose
that probiotic that is Lactobacillus acidophilus could provide a cushion for protective benefit against
CuONP induced hepatotoxicity without harmful side effects through its potent antioxidant properties.
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