
Journal of Genetic Engineering and Biotechnology 23 (2025) 100495

1687-157X/© 2025 The Author(s). Published by Elsevier Inc. on behalf of Academy of Scientific Research and Technology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Assessment of the gold nanoparticles biosynthesized using Casuarina
equisetifolia bark extract against the ethion induced Hepato- and
neurotoxicity in rats

Wael Mahmoud Aboulthana a,* , Noha El-Sayed Ibrahim b , Amal Gouda Hussien a,
Amgad Kamal Hassan a, Wagdy K.B. Khalil c, Hassan Abdel-Gawad d , Hamdy Ahmed Taha d ,
Ayda K. Kelany e, Kawkab A. Ahmed f

a Biochemistry Department, Biotechnology Research Institute, National Research Centre, 33 El Bohouth St., P.O. 12622, Dokki, Giza, Egypt
b Microbial Biotechnology Department, Biotechnology Research Institute, National Research Centre, 33 El Bohouth St., P.O. 12622, Dokki, Giza, Egypt
c Cell Biology Department, Biotechnology Research Institute, National Research Centre, 33 El Bohouth St., P.O. 12622, Dokki, Giza, Egypt
d Applied Organic Chemistry Department, Chemical Industries Researches Institute, National Research Centre, 33 El Bohouth St., P.O. 12622, Dokki, Giza, Egypt
e Department of Genomic Medicine, Cairo University Hospitals, Cairo University, Giza, Cairo, Egypt
f Department of Pathology, Faculty of Veterinary Medicine, Cairo University, Giza 12211, Egypt

A R T I C L E I N F O

Keywords:
Ethion
Casuarina equisetifolia Bark
Gold Nanoparticles
Electrophoresis
Isoenzymes
Gene Expression

A B S T R A C T

Ethion (Etn) is classified as an organophosphate pesticide (OP) that causes toxicity even at low concentrations
and targets the liver, brain, kidney, and blood. Gold nanoparticles (Au-NPs) were biosynthesized from the whole
methanolic extract of Casuarina equisetifolia bark, and their efficacy against Etn-induced hepato- and neuro-
toxicity in rats was assessed. In addition to determining conventional biochemical measurements, the target
tissues (liver and brain) were examined for oxidative stress, inflammatory, and fibrotic markers. The protein and
isoenzyme patterns were also assayed using an electrophoretic technique. Additionally, apoptotic gene expres-
sion was measured. The target tissues were also subjected to histopathological analysis. In all groups treated with
C. equisetifolia bark gold nano-extract, it was observed that the levels of the hematological measurements that
were impacted by the oral injection of Etn had recovered to normal. Regarding the biochemical measurements,
the group that received nano-extract pretreatment showed greater improvement than the therapeutic group. The
levels of inflammatory indicators significantly decreased (p ≤ 0.05), while the antioxidant system markers
increased in both liver and brain tissues in the group that received the nano-extract beforehand. In both target
tissues, especially in the pre-treated group, the nano-extract reduced the severity of the Etn-caused lesions.
During electrophoretic assays, the nano-extract in the pre-treated group prevented the qualitative alterations
indicated by the lowest similarity index (SI%) values of the Etn-injected group compared to the normal group.
The molecular assay showed that the nano-extract reduced the expression of apoptotic genes that were markedly
elevated in the Etn-injected rats, but it was unable to return their values to normalcy. The study concluded that in
the group that received nano-extract pretreatment, the biochemical, histopathological, physiological, and mo-
lecular abnormalities caused by Etn were reduced by the C. equisetifolia bark gold nano-extract.

1. Introduction

Organophosphate pesticides (OPs) are chemical agents used widely
in agriculture, households, and veterinary settings.1 They affect the
nervous system, which is their primary target, by over-stimulating the
cholinergic pathways due to a lack of activity of butyrylcholinesterase
(BChE) and acetylcholinesterase (AChE) enzymes.2 Both acute and

chronic doses of these substances cause neurotoxicity and target the
brain.3 By blocking AChE, which hydrolyzes acetylcholine (a neuro-
transmitter) in cholinergic synapses in the central and peripheral ner-
vous systems, high concentrations of these chemical toxicants can cause
negative side effects such as headache, confusion, convulsions, coma,
muscle paralysis resulting in respiratory failure, and death.4 .

The development of neurodegenerative diseases has been linked to
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them. Oxidative and nitrosative stress, disruption of mitochondrial
bioenergetics, and disturbance of mitochondrial dynamics are the most
common ways that OPs produce neurotoxicity.5 These toxicants have
detrimental consequences that include reactive gliosis and an increase in
glial fibrillary acidic protein, which ultimately result in neuronal
degeneration in the cortex and hippocampus.6 OPs like Ethion (Etn) (O,
O,O,O-tetraethyl S,S-methylene bis-(phosphorodithioate)) are still used
extensively in Egypt and have had an impact on public health.7 Even at
modest doses, it has an impact on laboratory animals’ liver, kidney,
brain, and blood.8 It reduces the antioxidant defense in the brain and
erythrocytes by changing the endogenous (enzymatic and non-
enzymatic) antioxidants.9 Furthermore, in addition to DNA damage,
mitochondrial dysfunction, and therefore apoptosis, it may cause he-
patocellular injury and damage to the liver tissue.10–11 .

It is possible for metal nanoparticles (M− NPs) that are smaller than
cellular organelles (less than 100 nm) to move through biological
structures and circulate inside the circulatory system.12–13 They can also
interact with biological systems, including cells and tissues.14 Because of
their unique physicochemical properties, M− NPs can be used to novel
therapeutic and diagnostic approaches. These features include the
presence of targeting moieties on the particle surface, size, hydrophi-
licity, and surface charge.15–16 They increase the therapeutic effective-
ness of traditional drugs by improving their solubility and
biodistribution. This is because they can overcome obstacles that usually
limit the efficacy of commercially available macro- and micromolecular
drugs.17 The gold nanoparticles (Au-NPs) are widely used in the
biomedical sectors as well as in common items like toothpaste and
cosmetics because they are readily surface-functionalized, biocompat-
ible, and produced.18 It has been demonstrated that Au-NPs are a safe
treatment for several autoimmune and inflammatory disorders due to
the inert properties of bulk gold.19–20 Additionally, they show protective
benefits against anomalies caused by the overproduction of reactive
oxygen species (ROS).21–22 In comparison to the chemical technique, the
biosynthesized M− NPs are energy-efficient, inexpensive, and ecologi-
cally benign.23 In the plant extract, tannins, saponins, flavonoids, amino
acids, and carbohydrates make up the bulk of the phytochemicals. These
substances can be used as stabilizing and reducing agents during the
biosynthesis of M− NPs by utilizing green nanotechnology.24–25 .

The “Casuarinaceae” family includes Casuarina equisetifolia.26 It is
rich in a variety of physiologically active secondary metabolites,
including gallic acid, ellagic acid, quercetin, catechin, d-gallocatechin,
and coumaroyl triterpenes, which have cytotoxic and antioxidant
qualities. It is also known to store tannin. It can thus be used to treat a
wide range of ailments, such as fever, diarrhea, dysentery, headache,
cough, ulcers, and toothaches.27–28 Au-NPs biosynthesised utilizing bark
extract from C. equisetifolia shown a hepato- and neuroprotective benefit
against the abnormalities caused by chlorpyrifos, according to
Aboulthana et al..29 Thus, the primary objective of the present work
was to investigate the protective and therapeutic effects of
C. equisetifolia bark gold nano-extract against Eth toxicity in rats.

2. Materials and Methods

2.1. Synthesis of gold nanoparticles using the extract

According toAboulthana et al.,30 Au-NPs were biosynthesized using
the methanolic extract of C. equisetifolia bark. A nanoemulsion was
prepared using crude plant extracts, the non-ionic surfactant Tween 20
(HLB-16.7), cellulose nanocrystals (CNC), and water via the sponta-
neous emulsification method. The process was carried out in two steps.
In the first step, the organic phase was created by mixing the plant crude
sample with the chosen surfactant (Tween 20) at a ratio of 1:5, then 3 gm
of CNC was added, and the mixture was sonicated for 30 min. In the
second step, the organic phase (plant extract, Tween 20, and CNC) was
added drop by drop (20 mL/min) to water using a separating funnel and
stirring the system magnetically at 800 rpm (60 ◦C) for 5 h.

Subsequently, the prepared Au-NPs were added to the prepared nano-
emulsion at a ratio of 1 %. The mixture was sonicated at 50 ◦C for
another 30 min.

2.2. Administration of gold C. Equisetifolia nano-extract

The nano-extract’s median lethal dose (LD50) was around 9333.33
mg/kg as proposed by Aboulthana et al.30 and presented in Supple-
mentary Table 1. Therefore, in the in vivo study, the ideal dose for oral
administration is considered to be 1/10 of LD50, and it was found to be
933.33 mg/kg b.w.

2.3. Induction of toxicity

Rats were orally given the Etn solution in dimethyl sulfoxide (DMSO)
at a dose of 20.8 mg/kg b.w. based on the study demonstrated by Raj et
al..31 .

2.4. Experimental design

Fifty (50) mature male Wistar rats (weighing 120–––150 gm) were
housed in the Animal House at the National Research Center in Giza,
Egypt. Each cage contained ten rats.

The control group was orally administered DMSO for 28 days. The
gold nano-extract treated group was administered gold nano-extract for
21 days. The Etn- intoxicated group was given Etn as a single dose daily
for 28 days. The gold nano-extract pre-treated (protected) group was
given Etn for 28 days after 21 days of receiving gold nano-extract. The

Table 1
Effect of the C. equisetifolia gold nano-extract against the changes induced by
ethion (Etn) in markers of the antioxidant system in both liver and brain tissues
of rats.

C. C. equisetifolia
gold nano-
extract

Etn Etn þ
C. equisetifolia
gold nano-extract

Pre-
treated

Post-
treated

Liver TAC
(µmol/
g)

37.77
± 0.04

37.75 ± 0.07 13.37
±

0.02a

38.29
± 0.04b

24.28
±

0.05ab

GSH
(mg/g
tissue)

18.71
± 0.05

18.64 ± 0.02 6.62
±

0.02a

18.97
± 0.05b

12.03
±

0.02ab

SOD
(IU/g
tissue)

20.68
± 0.02

20.69 ± 0.01 7.32
±

0.01a

20.97
± 0.02b

13.29
±

0.02ab

CAT
(IU/g
tissue)

12.04
± 0.06

12.03 ± 0.07 4.26
±

0.02a

12.21
± 0.07b

7.74 ±

0.03ab

GPx
(IU/g
tissue)

12.07
± 0.07

12.03 ± 0.06 4.27
±

0.02a

12.23
± 0.08b

7.76 ±

0.04ab

Brain TAC
(µmol/
g)

37.18
± 0.11

37.20 ± 0.12 13.16
±

0.04a

34.32
±

0.13ab

23.90
±

0.06ab

GSH
(mg/g
tissue)

10.64
± 0.04

10.69 ± 0.01 3.77
±

0.02a

9.82 ±

0.04ab
6.84 ±

0.03ab

SOD
(IU/g
tissue)

15.70
± 0.02

15.71 ± 0.01 5.56
±

0.01a

14.49
±

0.03ab

10.09
±

0.02ab

CAT
(IU/g
tissue)

8.05
± 0.06

7.99 ± 0.06 2.85
±

0.02a

7.43 ±

0.05ab
5.18 ±

0.04ab

GPx
(IU/g
tissue)

7.10
± 0.01

7.11 ± 0.01 2.52
±

0.00a

6.56 ±

0.01ab
4.57 ±

0.01ab

Data were presented as mean ± SE (from five replicates). a: Indicates signifi-
cance at p ≤ 0.05 compared to the control and b: to Etn injected group.
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gold nano-extract post-treated (therapeutic) group underwent a 21 day
treatment with gold nano-extract after receiving Etn for 28 days.

2.5. Collection of blood samples and tissues

After an 18-hour fast, the final dose of therapy was administered.
Following anesthesia, the animals were euthanized by cervical disloca-
tion. Blood samples were collected from the retro-orbital plexus for
assessing the activity of the AChE enzyme and conducting hematological
tests. After allowing the blood samples to coagulate, they were centri-
fuged for 15 min at 3000 rpm. The separated sera were kept at − 20 ◦C
until they were ready for biochemical tests. Following cervical disloca-
tion, the animals’ liver and brain tissues were extracted and cleaned in
ice-cold saline. For histological analysis, a small number of autopsied
sections of these tissues were stored in a 10 % neutral buffered formalin
solution. After homogenizing the remaining tissues in potassium phos-
phate buffer (pH 7.4), they were centrifuged for ten minutes at 3000
rpm. For use in biochemical tests, the clear supernatants were kept in
storage at − 80 ◦C. The final portion of the tissues was quickly frozen
using liquid nitrogen for molecular analysis.

2.6. Body and organ weights assays

During the trial, body weights were measured three times: at 0, 15,
and 30 days. The body weight growth was calculated using the method
presented by Al-Attar.32 The relative weight of each rat’s body was
calculated using the method provided by Al-Attar and Al-Rethe33 after
determining the absolute weights of the liver and brain.

2.7. Hematological and biochemical assays

An automated blood analyzer was used to quantify the hematological
parameters in heparinized blood samples. In RBC and plasma samples,
the acetylcholinesterase (AChE) enzyme activity was assessed using the
method developed by Gorun et al.34 after being proposed by Ellman et
al..35 The commercially available kits were used to determine the lipid
profile and all other standard biochemical parameters in the blood
sample, including liver, heart, and kidney functions colorimetrically
based on the reaction of the kit chromogen with its specific analyte using
a spectrophotometric technique.

2.8. Biochemical assays in tissues homogenates

Clear supernatants of tissue homogenates (liver and brain) were used
to measure oxidative stress markers, such as reduced glutathione
(GSH),37 total antioxidant capacity (TAC),36 and the activity of the en-
zymes glutathione peroxidase (GPx),40 catalase (CAT),39 and superoxide
dismutase (SOD).38 Additionally, the levels of total protein carbonyl
(TPC)42 and lipid peroxidation products (LPO)41 were measured.
Furthermore, two frequent inflammatory indicators, interleukin-6 (IL-
6)43 and tumor necrosis factor-α (TNF-α),44 were identified using the
quantitative sandwich enzyme immunoassay (ELISA). Only the amount
of fibrotic markers (hydroxyproline)45 was measured in liver tissue
homogenates. Using a commercially available ELISA kit, the amount of
β-amyloid (Aβ) in brain tissue homogenates was measured.46 .

2.9. Histopathological examination

For this examination, paraffin sections from the preserved specimens
(liver and brain) with a thickness of 5 μm were stained using Hema-
toxylin and Eosin (H&E).47 The histopathological abnormalities in the
liver tissue and the neuropathologic lesions were assessed and scored
from five microscopically examined fields per rat in accordance with the
following order of procedure proposed by Fouad and Ahmed48: no
changes, mild, moderate, and severe changes (0, 1, 2, and 3,
respectively).

2.10. Electrophoretic assays

2.10.1. Native electrophoretic patterns
Known weights (0.2 g) of the tissue (liver and brain) were homoge-

nized in extraction buffer (1 ml). Following homogenization process, the
tissue homogenates were centrifuged. To ensure uniform protein con-
centrations in each well, the Bradford method49 was used to measure the
protein concentration in the supernatants. The protein concentration
was then diluted with sample loading dye in proportion to the protein
concentration. The protein bands, lipid, and calcium moieties of native
proteins were assayed using Coomassie Brilliant Blue (CBB),50 Sudan
Black B (SBB),51 and Alizarin Red “S”52 in the vertical slab poly-
acrylamide gel electrophoresis.

To identify types of the catalase (CAT) and peroxidase (POX) en-
zymes electrophoretically, the native gel was treated with the particular
conditioning buffer and hydrogen peroxide (H2O2) as a substrate. It was
then stained with potassium iodide (KI)53 and benzidine.54 After the
native gel was incubated in a soluble starch solution as a substrate, it was
stained with iodine solution to identify types of the α-amylase (α-Amy)
enzyme.55 Types of the α- and β-esterase (EST) enzymes were detected
by incubating the gel in a reaction mixture containing Fast Blue RR and
substrates of α- and β-naphthyl acetate, respectively.56 .

2.10.2. Data analysis
The colored bands were assessed using Quantity One (Version 4.6.2).

The percentages of similarity indices (SI%) between each treatment
group and the control were determined using the formula proposed by
Nei and Li.57 .

2.11. Molecular assay

The relative expressions of the genes for caspase-3, tumor suppressor
(p53), B-cell leukemia/lymphoma (Bcl2), and Bcl2-associated X protein
(BAX) were assessed. To isolate total RNA, the tissue samples were ho-
mogenized in TRIzol® Reagent (Invitrogen, USA). To verify the integrity
of the extracted RNA, formaldehyde-containing agarose gel electro-
phoresis was used to examine the 28S and 18S bands. The entire RNA
was resuspended in water treated with DEPC after any remaining DNA
had been digested using RQ1 RNase-free DNase (1U). The extracted Poly
(A) + RNA was converted to cDNA using the RevertAidTM First Strand
cDNA Synthesis Kit (MBI Fermentas, Germany). The number of copies
was calculated usingthe StepOneTMReal-Time PCR System based on the
reaction protocol presented by Aboulthana et al..29 Melting curve
analysis, which was used to evaluate the quality of the specific primers
listed in Supplementary Table 2, showed that the melting temperature at
the end of each qPCR run was 95.0 ◦C. To determine the relative
expression of the targeted genes, each experiment was carried out three
times for each target gene using the 2− ΔΔCT method.58 .

2.12. Statistical analysis

A one-way analysis of variance (one-way ANOVA) test was used to
analyze the data, which is presented as mean ± standard error (SE) in
the tables and figures. A statistically significant difference between the
groups is indicated by a “p” value of ≤ 0.05.

3. Results

Following the injection of Etn, a number of adverse hematological
and biochemical consequences were observed.

3.1. Body and organ weights assays

Throughout the investigation, the body weight gain in the Etn-
injected group significantly (p ≤ 0.05) decreased, as shown in Supple-
mentary Fig. 1a. In comparison to the Etn-injected group, the gold nano-

W.M. Aboulthana et al.
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extract significantly (p ≤ 0.05) increased body weight gain when given
in combination with Etn injection. It significantly (p ≤ 0.05) decreased
body weight when taken alone. It was unable to return body weight to
normal levels. Rats treated with Etn had significantly (p ≤ 0.05) higher
absolute and relative organ weights for the liver and brain than the
control group (Supplementary Fig. 1b). Following the administration
of the nano-extract, the relative organ weights of the rats decreased
compared to those intoxicated with Etn, and by the end of the experi-
ment, their values had returned to normal.

3.2. Hematological measurements

Hematological measurements are regarded as the first sign of toxicity
caused by OPs. When compared to the control rats, Etn intoxication
significantly (p ≤ 0.05) lowered the levels of hematological parameters
(Supplementary Table 3). Following treatment with nano-extract, these
values significantly (p ≤ 0.05) rose and reverted to normal levels.

3.3. Biochemical measurements

The Etn-injection increased levels of several biomarkers, including
liver enzymes, kidney function indicators, cardiac enzymes, and lipid
profile significantly (p ≤ 0.05) compared to the normal rats (Supple-
mentary Table 4). Total protein and albumin levels decreased following
the Etn injection, as indicated by the protein assays. The altered
biochemical measures returned to normal levels when the nano-extract
was used in all treatment modalities.

As shown in Fig. 1, compared to the control group, intoxication with
Etn reduced the activity of the AChE enzyme in RBCs and plasma
significantly (p ≤ 0.05). The nano-extract significantly (p ≤ 0.05)
elevated AChE activity compared to the Etn-injected group and restored
it to normal levels in RBCs; however, it did not return to normal levels in
the plasma of the pre-treated group. Nevertheless, it significantly (p ≤

0.05) increased the activity of this enzyme in the post-treated group
while restoring its levels in plasma and RBCs back to normal.

Table 2
Effect of the C. equisetifolia gold nano-extract against the alterations in markers of inflammatory and fibrotic reactions induced by ethion (Etn) in both liver and brain
tissues of rats.

C. C. equisetifolia gold nano-extract Etn Etn þ C. equisetifolia gold nano-extract

Pre-treated Post-treated

Liver TNF-α
(Pg/g tissue)

344.00 ± 0.95 343.20 ± 0.58 514.00 ± 0.95a 395.20 ± 0.66ab 416.40 ± 1.60ab

IL-6
(Pg/g tissue)

415.40 ± 1.29 415.60 ± 1.50 620.69 ± 1.61a 477.23 ± 1.70ab 502.83 ± 2.43ab

Hydroxyproline (µg/mg tissue) 0.32 ± 0.00 0.33 ± 0.01 0.32 ± 0.00 0.32 ± 0.00 0.32 ± 0.00
AChE
(ng/g tissue)

0.55 ± 0.02 0.49 ± 0.03 0.31 ± 0.01a 0.45 ± 0.02b 0.47 ± 0.02b

Brain TNF-α
(Pg/g tissue)

133.00 ± 0.55 134.00 ± 0.63 198.4 ± 1.34a 152.81 ± 1.03ab 161.01 ± 1.36ab

IL-6
(Pg/g tissue)

224.80 ± 1.32 225.60 ± 0.60 335.90 ± 1.96a 258.26 ± 1.67ab 272.12 ± 2.12ab

β-amyloid
(Pg/g tissue)

6.19 ± 0.01 6.19 ± 0.01 9.25 ± 0.03a 7.11 ± 0.03ab 7.50 ± 0.04ab

AChE
(ng/g tissue)

11.21 ± 0.69 11.43 ± 0.50 7.81 ± 0.33a 10.07 ± 0.76b 10.49 ± 0.70b

Data were presented as mean ± SE (from five replicates). a: Indicates significance at p ≤ 0.05 compared to the control and b: to Etn injected group.

Fig. 1. Effect of the C. equisetifolia gold nano-extract against the changes in activity of acetylcholinesterase (AChE) enzyme induced by ethion (Etn) in blood of rats.
Data were presented as mean ± SE (from five replicates). a: Indicates significance at p ≤ 0.05 compared to the control and b: to Etn injected group.

W.M. Aboulthana et al.
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3.4. Markers of oxidative stress

According to the data in Table 1, in tissue homogenates (liver and
brain), Etn significantly (p ≤ 0.05) decreased TAC and GSH levels, as
well as the activity of the antioxidant enzymes SOD, CAT, and GPx.
When compared to the Etn-injected group, the liver tissue of the pre- and
post-treated groups exhibited a significant (p ≤ 0.05) increase in these
markers. However, only in the pre-treated group did their levels return
to normal. In comparison to the Etn-intoxicated group, all nano-extract
treated groups had significantly (p ≤ 0.05) greater levels of these
markers in their brain tissue. However, neither the pre-treated nor post-
treated groups of nano-extract were able to return to normal levels.

Rats injected with Etn had significantly (p ≤ 0.05) higher levels of
TPC and LPO than the normal group (Fig. 2). The nano-extract signifi-
cantly (p≤ 0.05) decreased the levels of these parameters in both tissues
in all nano-extract treated groups when compared to the Etn-intoxicated
group. However, the values only returned to normal in the group that
received nano-extract before treatment, indicating a stronger amelio-
rative impact than the group that received post-treatment.

3.5. Inflammatory and fibrotic markers

The quantity of β-amyloid, the activity of the AChE enzyme, and the
levels of fibrotic (hydroxyproline) and inflammatory indicators all
indicate tissue integrity. The levels of these markers increased as a result
of the Etn injection, while AChE activity in the liver tissues decreased
significantly (p ≤ 0.05). The level of the fibrotic marker (hydroxypro-
line) remained unchanged (Table 2). In comparison to the Etn-
intoxicated group, the administration of gold nano-extract increased
inflammatory markers and lowered AChE activity in both the pre- and
post-treated groups, which experienced the same ameliorative impact.
AChE enzyme activity decreased, and β-amyloid and inflammatory
marker levels increased significantly (p≤ 0.05) in brain tissue of the Etn-
injected group. The gold nano-extract significantly (p ≤ 0.05) reduced
β-amyloid and inflammatory marker levels compared to the Etn-injected
group. This was observed to be associated with increased AChE activity.
However, it was unable to restore the levels to normal in any of the
treated groups.

3.6. Histopathological examination

In stained liver sections of control rats, as well as gold nano-extract

treated rats, light microscopic examination showed normal hepatic
parenchymal histoarchitecture (Fig. 3A & B). Rats intoxicated with Etn
on the other hand, had severe histopathological lesions in their livers
that included proliferation of Kupffer cells along with focal hepatocel-
lular necrosis (Fig. 3C) and fibroplasia, inflammatory cell infiltration in
the portal triad (Fig. 3D). However, the lesions observed in the livers of
rats pre-treated with nano-extract regressed. The examined sections
showed only hydropic degeneration of hepatocytes (Fig. 3E). Further-
more, the livers of nano-extract post-treated rats exhibited slight Kupffer
cell proliferation and a few inflammatory cell infiltrations in the hepatic
sinusoids (slight sinusoidal leukocytosis) (Fig. 3F). The liver of rats
injected with Etn has the greatest adverse effect, as indicated by the
scores of the tissue lesions in Supplementary Table 5. The nano-extract
exhibited a greater improvement in the pre-treated group than in the
post-treated one.

Regarding brain tissue, the control rats as well as rats treated with
nano-extract displayed normal architecture with intact neurons in the
cerebral cortex (Fig. 4A & B). In contrast, in Etn intoxicated rats,
remarkable neuropathic alterations were seen in the cerebral cortex. The
examined sections revealed shrunken, dark pyknotic neurons (Fig. 4C&
D), cellular edema (Fig. 4C), vacuolation of neuropil and neuronophagia
(Fig. 4D). Meanwhile, the cerebral cortex was markedly improved in
nano-extract pre-treated rats, along with regression of the neuropathic
damage characterized by sparse necrosis of neurons and slight vacuo-
lation of neuropil (Fig. 4E). Furthermore, the cerebral cortex displayed
necrosis of some neurons with vacuolation of neuropil in the post-
treated group (Fig. 4F). Compared to the control group, histopatholog-
ical scores of the brain tissue lesions, as shown in Supplementary
Table 6, indicated statistically significant (p ≤ 0.05) alterations in the
Etn-injected group. The nano-extract showed greater amelioration in the
pre-treated group than in the post-treated group.

3.7. Electrophoretic assays

3.7.1. Protein pattern
Native protein pattern in liver tissue revealed that four normal bands

were hidden by two characteristic (abnormal) ones (Rfs 0.30 and 0.74;
Int. 203.34 and 181.00; B% 14.91 and 12.43, respectively) in the Etn-
injected group, indicating physiological changes. Therefore, the SI
value (SI = 62.50 %) dropped when compared to the normal group
(Fig. 5a). In the nano-extract pre-treated group, the protein pattern was
improved by restoring four normal bands (Rfs 0.24, 0.33, 0.43 and 0.68;

Fig. 2. Effect of the C. equisetifolia gold nano-extract against the changes in a) lipid peroxidation product, and b) total protein carbonyl content induced by ethion
(Etn) in both liver and brain tissues of rats. Data were presented as mean ± SE (from five replicates). a: Indicates significance at p ≤ 0.05 compared to the control and
b: to Etn injected group.

W.M. Aboulthana et al.
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Int. 139.11, 182.00, 157.00 and 181.00; B% 9.22, 11.50, 10.22 and
11.08, respectively) while hiding the abnormal ones. Slight ameliorative
effect was noticed in the nano-extract post-treated group by hiding the
abnormal bands and restoring only 3 ones (Rfs 0.24, 0.33 and 0.68; Int.
140.00, 181.00 and 173.89; B% 10.40, 12.50 and 11.66, respectively).
The pre- and post-treated groups are 100.00 and 94.12 %, respectively,
closer to the control group at the physiological state.

The protein pattern of the brain tissue showed that four normal
bands are missing, while two abnormal ones (Rfs 0.27 and 0.48; Int.
220.00 and 184.11; B% 19.40 and 18.78, respectively) are present in the
Etn-injected group indicated physiological changes. Therefore,
compared to the control group, this group had the lowest SI value (SI =
50.00 %) (Fig. 5b). By concealing the aberrant bands and restoring four

normal bands (Rfs. 0.08, 0.19, 0.34, and 0.85; Int. 186.00, 190.00,
216.34, and 214.00; B% 12.43, 13.47, 13.89, and 14.38, respectively),
the nano-extract improved the protein pattern in the pre-treated group.
As a result, the pre-treated group’s SI value reaches its maximum value
(SI = 100.00 %) compared to the normal group. Since the nano-extract
only concealed one aberrant band and restored one normal band (Rf
0.20; Int. 185.11; B% 17.51), the post-treated group showed a lesser
ameliorative effect. There was a 66.67 % qualitative similarity between
this treated group and the control.

3.7.2. Lipid moiety of protein pattern
In the liver tissue, this pattern revealed that one characteristic band

(Rf 0.80; Int. 246.11; B% 20.08) obscured two normal bands in the Etn-

Fig. 3. Photomicrographs of the stained liver sections of rats (Scale bar 50 µm), (A) normal control & (B) Gold nano-extract treated group showing normal his-
toarchitecture of hepatic parenchyma. (C) & (D) Etn-injected group showing Kupffer cells proliferation (black arrow), focal hepatocellular necrosis associated with
inflammatory cells infiltration (blue arrow), inflammatory cells infiltration in the portal triad (red arrow). (E) The gold nano-extract pre-treated group showing
hydropic degeneration of hepatocytes (arrow). (F) The gold nano-extract post-treated group showing slight sinusoidal leukocytosis (arrow).
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injected group, indicating qualitative alterations. There is a 72.73 %
physiological similarity between this group and the control group
(Fig. 5a). Normal bands that were previously absent are now restored
(Rfs 0.12 and 0.75; Int. 187.00 and 224.78; B% 15.38 and 13.82,
respectively), while the aberrant band is enhanced. The protein pattern
is improved in the nano-extract pre-treated group. While the unique
band vanished, only one normal band (Rf 0.75; Int. 219.11; B% 21.02)
was recovered in the post-treated group, indicating a minor ameliorative
impact. The pre- and post-treated groups were qualitatively similar to
the control by 100.00 and 80.00 %, respectively.

In the brain tissue, this native pattern revealed that one band was
missing due to the Etn injection. As a result, the Etn-injected group was
85.71 % physiologically identical to the normal group (Fig. 5b). The
pattern was identical to the control rats (SI = 100.00 %) after the gold

nano-extract pre-treatment restored the missing band (Rf 0.66; Int.
161.44; B% 17.17). Nevertheless, the native pattern in the post-treated
group was not improved by the nano-extract. As a result, this group and
the control group shared 85.71 % of the same physiological character-
istics as the group that received the Etn injection.

3.7.3. Calcium moiety of protein pattern
This native pattern showed that the Etn-injection caused physiolog-

ical abnormalities in the liver tissue identified by replacing two normal
bands with two characteristic bands (Rfs 0.30 and 0.77; Int. 132.00 and
132.00; B% 23.41 and 23.89, respectively). Theerefore, the physiolog-
ical similarity between the Etn-injected group and the control group
decreased by 50.00 % (Fig. 5a). By restoring the two missing normal
bands, Rfs 0.18 and 0.70, in the pre- (Int. 132.00 and 116.89; B% 21.78

Fig. 4. Photomicrographs of the stained cerebral cortex of rats (Scale bar 50 µm), (A) control & (B) Gold nano-extract treated group showing the normal histological
architecture with intact neurons. (C) & (D) Etn-injected group showing shrunken, dark pyknotic neurons (black arrow), neuronophagia (red arrow) and cellular
edema (blue arrow). (E) The gold nano-extract pre-treated group showing sparsely necrosis of neurons (black arrow) and vacuolation of neuropil (red arrow). (F) The
gold nano-extract post-treated group showing necrosis of some neurons (black arrow) and vacuolation of neuropil (red arrow).
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and 21.21, respectively) and post-treated groups (Int. 132.00 and
118.67; B% 25.18 and 23.65, respectively), both the pre- and post-
treated groups showed the same ameliorative effect from the nano-
extract, which was physiologically equal to the control group (SI =

100.00 %).
In the brain tissue, the native pattern showed that one characteristic

band (at Rf 0.82; Int. 149.00; B% 24.63) was present in the group that
received Etn injection, obscuring two normal bands and giving rise to
two aberrant ones (Rfs 0.35 and 0.82; Int. 148.00 and 149.00; B% 24.25
and 24.63, respectively). The physiological similarity of the Etn-injected
group was 50.00 % lower than that of the control group (Fig. 5b). By
restoring the missing (normal) bands (Rfs 0.73 and 0.90; Int. 148.00 and
148.00; B% 23.76 and 21.90, respectively) and hiding the aberrant ones
in the pre-treated group, which was qualitatively comparable to the
control (SI = 100.00 %), the gold nano-extract significantly improved
this native pattern. The post-treated group showed a slight improve-
ment, with only one aberrant band remaining hidden and the missing
(normal) bands (Rfs 0.73 and 0.90; Int. 146.00 and 148.00; B% 19.63
and 17.27, respectively) restored. As a result, this group was 88.89 %
qualitatively identical to the normal group.

3.7.4. Catalase (CAT) pattern
In the liver tissue, the isoenzyme pattern revealed that the presence

of one abnormal band (Rf 0.31; Int. 126.67; B% 24.66) and obscuring
the CAT3 type in the Etn-injected group indicate qualitative alterations.
Comparing the Etn-injected group to the control group, the physiolog-
ical similarity decreased to 75.00 % (Fig. 6a). Returning the missing
normal (CAT3) type (Rf 0.75; Int. 134.67; B% 20.38) greatly improved
this isoenzyme pattern, while hiding the aberrant one in the pre-treated
group, making it 100.00 % more physiologically similar to the control.
In the post-treated group, the nano-extract showed no improvement.
Consequently, it maintained a 75.00 % resemblance to the control (as in
the Etn-injected group).

In the brain tissue, the Etn-injected group showed one aberrant band
(Rf 0.36; Int. 130.22; B% 23.12), indicating physiological changes.
Comparing the Etn-injected group to the control group, the physiolog-
ical similarity dropped to 85.71 % (Fig. 6b). By eliminating the
abnormal band in all therapymodalities, the gold nano-extract exhibited

an equivalent degree of enhancement. As a result, their biological sim-
ilarity to the control group was 100.00 %.

3.7.5. Peroxidase (POX) pattern
In the liver tissue, the isoenzyme pattern showed that two unique

(abnormal) bands (Rfs 0.18 and 0.64; Int. 134.67 and 136.44; B% 13.52
and 13.69, respectively) and the absence of two normal POX types
(POX1 and POX3) were indicative of the qualitative changes in the Etn-
injected group. The Etn-injected group’s physiological resemblance to
the control group decreased to 66.67 % (Fig. 6a). The restoration of the
two absent POX types (POX1 and POX3) observed at Rfs 0.12 and 0.43
(Int. 135.56 and 132.89; B% 14.12 and 13.23, respectively) and hiding
the abnormal bands in the pre-treated group, resulting in complete
similarity to the control (SI = 100.00 %), helped alleviate the negative
effects of Etn injection. Only one normal POX type (POX1) was restored,
leading to a slight improvement in the isoenzyme pattern (Rfs 0.12; Int.
139.11; B% 15.02). The anomalous bands were masked in the post-
treated group, achieving a 90.91 % physiological similarity to the
control.

In the brain tissue, the isoenzyme pattern revealed that by hidding
the POX1 and POX3 types, the isoenzyme pattern depicted the physio-
logical alterations in the Etn-intoxicated group. Consequently, this
group had the lowest SI value (SI = 80.00 %) compared to the normal
group (Fig. 6b). Restoring the two missing POX types (POX1 and POX3)
(Rfs 0.13 and 0.44; Int. 189.00 and 187.00; B% 15.47 and 14.88,
respectively) in the pre-treated group reduced the negative impact
caused by Etn intoxication. At the physiological level, this restoration
returned the levels to 100.00 % of those of the control group. The
abnormal band was hidden, and only one normal POX type (POX1) (Rf
0.12; Int. 184.00; B% 17.50) was restored in the post-treatment group,
indicating a slight decrease. As a result, this group and the control group
shared 90.91 % of their physiological characteristics.

3.7.6. α-Amylase (α-Amy) pattern
In the liver tissue, the isoenzyme pattern showed that changes in the

pattern were observed in the Etn-injected group, where the second
α-Amy type (α-Amy2) was absent, and two abnormal bands appeared
with characteristic Rfs of 0.44 and 0.89, Int. of 132.00 and 141.00, and B

Fig. 5. Effect of the C. equisetifolia gold nano-extract against the physiological alterations induced in the native protein patterns by ethion (Etn) in a) liver, and b)
brain tissues of rats.
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% of 32.72 and 33.76, respectively. Consequently, this group had the
lowest SI value (SI = 40.00 %) with respect to the normal group
(Fig. 7a). By restoring the missing α-Amy2 at Rf 0.67 in both the pre-
treated (Int. 157.00 and B% 51.58) and post-treated (Int. 155.22 and
B% 52.30) groups, along with the removal of the abnormal bands, the
nano-extract improved the isoenzyme pattern to the same extent in all
therapy approaches. The pre- and post-treated groups were therefore
identical to the normal group, with a physiological SI level of 100.00 %.

The isoenzyme pattern in the brain tissue showed no physiological or
quantitative changes were identified in the Etn injected group (Fig. 7b).
After the administration of the nano-extract, neither the pre-treated nor
post-treated groups showed any electrophoretic alterations, and their
physiological characteristics were 100.00 % identical to the normal
group.

3.7.7. Esterase (EST) pattern
In the liver tissue, the α-EST isoenzyme pattern revealed that an

abnormal band (Rf 0.83; Int. 116.00 and B% 30.01) appeared along with
the disappearance of one α-EST type (α-EST2) due to qualitative changes
in the isoenzyme pattern caused by the Etn injection. As a result, the
physiological similarity of this group to the control group decreased to
80.00 % (Fig. 7a). The isoenzyme pattern improved in the pre-treated
group as the aberrant band vanished and the normal (α-EST2) type
that had been missing was restored (Rf 0.31; Int. 116.89 and B% 30.56).
As a result, there was a 100.00 % qualitative resemblance between the
isoenzyme pattern and the control group. The abnormal band was not
restored in the post-treated group’s isoenzyme pattern, indicating only a
minor improvement. This group and the normal group had an 80.00 %
physiological similarity.

In the brain tissue, the isoenzyme pattern of the Etn-injected group

Fig. 6. Effect of the C. equisetifolia gold nano-extract against the physiological alterations induced by ethion (Etn) in the electrophoretic antioxidant isoenzymes
patterns in a) liver, and b) brain tissues of rats.
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showed qualitative changes, with two α-EST types (α-EST1 and α-EST3)
buried and one characteristic (abnormal) band (Rf 0.83; Int. 98.18; B%
48.22) being noticeable. At the qualitative level, this group showed the
lowest SI value (SI = 40.00 %) in comparison to the normal group
(Fig. 7b). The same improvement was achieved by the nano-extract,
which concealed the abnormal band and restored the missing
(normal) types (α-EST1 and α-EST3) at Rfs 0.13 and 0.68 in both the pre-
treated (Int. 113.00 and 129.34; B% 30.76 and 34.93, respectively) and
post-treated groups (Int. 114.89 and 119.56; B% 28.06 and 28.55,
respectively). At the qualitative level, the pre- and post-treated groups
(SI = 100.00 %) were identical to the healthy group.

In the liver tissue, the β-EST isoenzyme pattern revealed that the
appearance of one unique band (Rf 0.59; Int. 98.00; B% 35.18) and the
elimination of two normal types (β-EST2 and β-EST3) were indicators of
the physiological alterations in the Etn-injected group. Consequently,
this group’s physiological similarity to the normal group was the lowest

(SI = 57.14 %) (Fig. 7a). By concealing the anomalous band and rein-
stating the absent β-EST2 and β-EST3 types (Rfs 0.40 and 0.76; Int.
198.00 and 116.89; B% 27.74 and 19.27, respectively) in the pre-treated
group, the isoenzyme pattern was improved. This resulted in a physio-
logical pattern that was identical to that of the normal rats (SI = 100.00
%). In the post-treated group, the aberrant band disappeared and only
one normal type (β-EST2) was restored (Rf 0.38; Int. 198.89; B% 37.70),
which improved the isoenzyme pattern significantly and rendered the
group qualitatively equivalent to the control group by 85.71 %.

In the brain tissue, the isoenzyme pattern showed that the Etn in-
jection caused physiological changes, as evidenced by the appearance of
two aberrant bands (Rfs 0.30 and 0.84; Int. 167.67 and 176.56; B%
32.81 and 33.91, respectively) and the disappearance of two normal
types (β-EST1 and β-EST3). As a result, in comparison to the control
group, this group had the lowest SI value (SI = 33.33 %) (Fig. 7b). The
nano-extract significantly improved the isoenzyme pattern in the pre-

Fig. 7. Effect of the C. equisetifolia gold nano-extract against the physiological alterations induced by ethion (Etn) in the different electrophoretic isoenzymes patterns
in a) liver, and b) brain tissues of rats.
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treated rats by restoring the missing β-EST1 and β-EST3 types (Rfs 0.19
and 0.69; Int. 160.56 and 164.11; B% 28.46 and 27.84, respectively). As
a result, at a qualitative level, the isoenzyme pattern totally resembled
that of the normal group (SI = 100.00 %). Only one aberrant band
disappeared, and only one normal type (β-EST1) (Rf 0.20; Int. 167.67
and B% 29.88) was restored in the post-treated group, indicating a small
improvement in the isoenzyme pattern. Consequently, this group’s
resemblance to the control group dropped to 66.67 %.

3.8. Molecular assay

The relative expression of the Bcl2 gene declined, while the expres-
sion of the BAX, p53, and Caspase-3 genes significantly (p ≤ 0.05)
increased in the target tissues (liver and brain) of the Etn-injected group
with respect to the normal rats (Fig. 8). The nano-extract significantly (p
≤ 0.05) increased the expression of the Bcl2 gene while decreasing the
relative expression of the BAX, p53, and Caspase-3 genes in all nano-
extract treated rats compared to the Etn-intoxicated rats. However, the
decreased relative expressions of apoptotic genes did not return to
normal values in all treated groups.

4. Discussion

The current study demonstrated that Etn injection significantly
reduced body weight gain. This was in line with Campana et al.,59 who
showed that exposure to ethion caused changes in morphology and
symptoms. This may be linked to the neurological abnormalities in rats
given Etn injections as well as distinctive alterations in the activity of the
AChE enzyme, which causes the buildup of acetylcholine to activate
cholinergic receptors. The group that received Etn injections showed a
significant increase in relative liver and brain weights. This might be a

sign of abnormalities in eating capacity and, consequently, metabolic
pathway function.60 In comparison to the Etn-intoxicated group, the
body weight gain was higher in the nano-extract pre-treated group. This
might be explained by better glycemic and lipid management, which
was boosted when Au-NPs were present.61 Additionally, the increase in
body weight gain after the administration of the gold nano-extract may
be due to the presence of phenolic (active) chemicals, which can
improve antioxidant activity and increase food intake and growth rate.62

.
OPs are known to induce apoptosis and damage DNA in spleen and

bonemarrow cells. Consequently, they have a direct impact on the blood
cells.63 Red blood cell indices were found to have dropped in the Etn-
injected group, which is consistent with the hypothesis of Moham-
mod Mostakim et al.,64 who demonstrated that the decrease in the RBC
count could be caused by the hematopoietic tissue’s incapacity to release
normal RBCs into the blood circulation, increasing erythrocyte
destruction in the hematopoietic organ, osmoregulatory dysfunction, or
inhibition of erythropoiesis. Furthermore, the development of a hypoxic
state and the low Hb content of the circulatory system may potentially
be connected to the notable decline in these indices’ values.65 WBCs are
in charge of immunological responses and defensive processes.66 During
the experiment, it was observed that the group that received the Etn
injection had fewer differential white blood cells than the control group.
As shown by Deabes et al.,67 it is well known that OPs cause lympho-
penic leucopenia by destroying leukocytes as a result of increased ROS
generation, which raises peroxidation products. The gold nano-extract
was able to restore the levels of these measurements to normal
because of the efficacy of the polyphenolic compounds, which can
scavenge the generated ROS and help convert iron from the ferrous to
the ferric state. As a result, they increase iron absorption and, therefore,
the integrity of red and white blood cells that have been weakened by

Fig. 8. Effect of the C. equisetifolia gold nano-extract against the molecular changes induced by ethion (Etn) in the relative expression of apoptotic genes a) BAX, b)
Bcl2, c) p53, and d) Caspase-3 genes induced by ethion (Etn) in both liver and brain tissues of rats. Data were presented as mean ± SE (from five replicates). a:
Indicates significance at p ≤ 0.05 compared to the control and b: to Etn injected group.
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oxidative stress brought on by OPs.68 Furthermore, the secondary me-
tabolites’ capacity to prevent platelet death and encourage platelet
formation resulted in an increase in the platelet count. Furthermore,
they preserved the integrity of platelet membranes by reducing the
synthesis of lipid peroxides inside them.69 .

AChE inhibition is one of the main mechanisms of OP toxicity. One
important enzyme that affects brain function is AChE.70 The AChE en-
zyme’s blood activity dropped in the rats given ethanol during the
current investigation. This is explained by the OPs’ capacity to phos-
phorylate the serine-OH group of AChE, permanently inhibiting the
enzyme. Acetylcholine thus accumulated in synapses and was unable to
be released from presynaptic membranes, inhibiting nerve impulse
conduction and causing cholinergic pathways to become hyperactive.71

Due to the antioxidant properties of the phenolic phyto-constituents,
which have a moderating effect on the AChE enzyme activity, the
administration of gold nano-extract enhanced the activity of the AChE
enzyme in both the plasma and RBCs compared to the Etn-intoxicated
rats.72 Furthermore, Bekheit et al.73 proposed that adding Au-NPs to
plant extracts improved the biological efficacy of phenolic compounds.

According to Kunnaja et al.,74 blood measurements were used to
evaluate the physiological and pathological conditions of an animal’s
critical organs. The most active metabolizing organ required to effec-
tuate thiono-organophosphate bioactivation is believed to be the liver.75

Throughout the current investigation, the liver enzyme activity in the
sera of the group that received Etn injections significantly rose. This rise
may be related to the toxicant’s overproduction of ROS and oxidative
stress, which could eventually result in liver damage and necrosis,
leading to damage in cell membranes and leakage of enzymes into the
circulation. Consequently, these enzymes are released from hepatic cells
and found in the blood.76 In the sera of rats given Etn injection, TP and
albumin levels decreased, while levels of the nitrogenous product (urea,
creatinin, and uric acid) significantly increased after exposure to Etn.
This may be related to oxidative damage to the kidneys caused by
increased ROS generation and decreased antioxidants.77 The liver,
where there is a reduction in protein synthesis, digestion, and absorp-
tion, is the primary organ affected by this OP chemical. On the other
hand, glomerular filtration insufficiency caused a drop in TP and albu-
min levels, leading to decreased excretion and increased serum levels.78

.
Abnormal uric acid net reabsorption in the proximal tubules may

also be linked to changes in uric acid levels.79 Along with lipid mea-
surements in the sera of the rats given Etn injections, it was noticed that
the cardiac enzymes (CK and LDH) were raised in relation to heart ac-
tivities. This may have something to do with oxidative stress brought on
by an overabundance of ROS.80–81 Furthermore, the findings showed
that the Etn-injected group’s serum had higher levels of TGs and
cholesterol. This could be because the OP blocked the bile duct, which
reduced the amount of cholesterol secreted into the intestine,82 or
because it inhibited pancreatic function, resulting in poor lipid absorp-
tion.83 .

The gold nano-extract contained secondary metabolites that could
block the activities of transaminases, enabling it to alleviate the toxicity
caused by OPs in the liver, kidneys, and heart tissues.84 Additionally, the
presence of Au-NPs enhances the integrity of hepatocyte membranes,
preventing the leakage of these enzymes.85 The ability of Au-NPs to
enhance the integrity and regenerative capacity of renal tubules may
explain the normalization of renal measurement levels by the gold nano-
extract.86 Due to its hypolipidemic qualities, the administration of the
nano-extract restored lipid measures and cardiac enzyme levels to
normal. The phytochemicals’ ability to inhibit fatty acid oxidation due
to their antioxidant activity may be the cause of this impact. This sug-
gests that the gold nano-extract has hypolipidemic qualities, which in
turn lead to a decrease in cardiac enzymes.87

During the current study, hepatic and brain tissues showed higher
levels of peroxidation products (LPO and TPC), and enzymatic and non-
enzymatic antioxidants were found to be depressed, affecting

antioxidant system indicators. This result is consistent with that of
Saoudi et al.,88 who demonstrated that exposure to OPs leads to
changes in antioxidants and the generation of oxidative stress. An
imbalance between the biological system’s capacity to detoxify reactive
intermediates and the systemic generation of ROS leads to oxidative
stress. Consequently, DNA and other vital biomolecules may be
destroyed as a result of high ROS generation, as well as the initiation of
lipid peroxidation.89 The gold nano-extract reversed the adverse effects
of Etn injection and restored antioxidant systemmeasures in these target
tissues. This was explained by the methanolic C. equisetifolia extract’s
alkaloids, polyphenolics, saponins, and glycosides. The biosynthesized
Au-NPs were responsible for the antioxidant activity and the potential
ameliorative effects of the nano-extract.90 Levels of LPO and TPC
decreased following treatment with nano-extract because phyto-
constituents can block xanthine oxidase or scavenge the reactive me-
tabolites that induce lipid peroxidation.91 Furthermore, Shahmah-
moodi et al.92 suggested that the biosynthesized Au-NPs might adsorb
some ethion and reduce its harmful effects. The surface area of the
nanoparticles, which increases as particle size decreases, was linked to
their ability to absorb more toxicants.

Pro-inflammatory cytokine levels were higher in the liver and brain
tissues of the Etn-intoxicated group in the current study. This increase
may be associated with increased immunological response, T-cell pro-
liferation, and lymphocyte activation.93 Additionally, OPs mediate
mitochondrial oxidative stress, which triggers the inflammasome and
the innate immunological response that follows. Consequently, ROS
scavengers can help heal the lesions caused by OPs.94 The decrease in
AChE activity in the target tissues (liver and brain) of rats given Etn may
be related to a lowering rate of enzyme synthesis due to insufficient
glucose permeation across the surface membrane or to the inhibition of
enzyme synthesis caused by the changed cellular environment in the
brain.95 The inflammation induced by the Etn injection was reduced by
the treatment with gold nano-extract. This supports the findings of El-
Feky and Aboulthana,96 who stated that the extract’s anti-
inflammatory qualities are made possible by its active phyto-
constituents. Furthermore, the Au-NPs can interact with IL-6 extracel-
lularly, which disrupts the transmission of inflammatory signals. The
aggregation around Au-NPs not only slows the evolution of the inflam-
matory response but also prevents IL-6 from binding to cellular re-
ceptors.97 .

According to histopathological examinations, the brain and liver are
the organs most vulnerable to OP buildup.98 Badr8 stated that Etn is
metabolized in the liver and transformed into more reactive products,
leading to the formation of various reactive species. The current study
showed that Etn intoxication caused significant histopathological ab-
normalities in liver tissue. The hepatotoxic effects of these reactive
metabolites are evident from the drastic changes they induce in hepatic
tissues.

Due to the inhibitory effects of antioxidant enzymes and the exces-
sive production of ROS, Etn injection caused significant disruptions in
brain tissues, resulting in degeneration of Purkinje cells in the cere-
bellum and injury to neurons in the cerebral cortex.10,99 According to
Abdel-Salam et al.,80 these OPs are lipophilic, which facilitates their
absorption and passage over the blood–brain barrier into the central
nervous system. Damage to the neurological system and oxidative
injury-induced neuronal degeneration hampered neural conduction.
The histopathological alterations brought on by Etn injection were
lessened by administering nano-extract. Due to their ability to maintain
membranes by donating hydrogen atoms, phenolic compounds that
exhibit antioxidative actions may be responsible for this.100 The anti-
oxidant, radical scavenging, and anti-inflammatory properties of the
active components are enhanced in the presence of Au-NPs, leading to a
decrease in histopathological damage scores. Consequently, leukocyte
migration and macrophage infiltration are reduced.101 .

Physiological variations in protein and isoenzyme patterns are
detected by electrophoresis and manifest as either the appearance of
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abnormal bands or the disappearance of normal ones.102 The fraction of
the SI that represents the tissue’s physiological state fluctuates because
of qualitative shifts.72 The present study found that native protein pat-
terns in the target tissues were qualitatively altered by the Etn injection.
This may involve how the OPs restrict the expression of certain genes or
promote the synthesis of specific mRNAs by other genes, leading to the
production of stress-induced proteins.103 Additionally, the appearance
of new (abnormal) protein bands in the examined tissues of rats injected
with Etn may be attributed to the inhibition of protein anabolic activities
or the denaturation of various proteins, resulting in alterations in the
structural conformations of functional proteins and, consequently,
cytoplasmic proteins.104 The decrease in AChE activity, which subse-
quently affects catecholamines, could be associated with changes in the
native protein composition. In rats receiving Etn injections, the cate-
cholamines may cause glycogenolysis and consequent hyperglycemia,
which would lead to protein glycosylation.105 The chaperone in charge
of protein folding is less efficient as a result of the glycation process.106

In rats receiving Etn injection, the lipid moiety of protein pattern un-
dergoes physiological changes due to oxidative modifications caused by
excessive ROS production in the lipid portion.107 The calcium moiety of
protein pattern shows both qualitative and quantitative anomalies as a
result of Etn intoxication, leading to an increase in calcium concentra-
tion. These biomolecules are affected by increased ROS production and
oxidative stress.52,108 .

The degeneration of protein contents caused by unrestrained ROS
production affected the CAT and POX isoenzyme patterns in the liver
and brain of the Etn-injected rats. This may have led to alterations in the
physico-chemical makeup of the endogenous CAT and POX enzymes.109

Furthermore, the glycosylation process of tissues is accelerated by
catecholamine accumulation and AChE enzyme inhibition.110 Hormonal
and metabolic changes may be responsible for the changes in the
α-amylase isoenzyme caused by the Etn injection.111 The fractional ac-
tivity of the protein caused by DNA damage has changed as a result of
oxidative changes, which in turn impact the rate of protein expres-
sion.102 The distinctive alterations in the α- and β-EST isoenzymes in rats
exposed to Etn may be linked to OPs’ function in blocking the esterase
enzymes due to irreversible covalent formation.105 The abnormal EST
pattern was caused by an excess of ROS that impaired the stability of the
protein molecule through sulfhydryl-mediated cross-linking of labile
amino acids.112 Different isoenzymes’ fractional activity is altered by
oxidative stress and excessive ROS generation as they slow down the
rate at which proteins are produced following DNA damage.113

The physiological alterations caused in the livers and brains of the
rats given Etn were lessened by the administration of a gold nano-extract
from C. equisetifolia. All natural protein and isoenzyme patterns showed
this. The scavenging action of the active (phenolic) phyto-constituents,
which can protect these physiologically active macromolecules from
oxidative stress, is responsible for this effect.72 According to Aboulth-
ana et al.,29 the inclusion of active components with lipolytic activity
and lipolysis-stimulating compounds reduced the anomalies caused by
the OPs in the protein and isoenzyme patterns. As a result, the reactive
species are reduced as the peroxidation processes are inhibited. Addi-
tionally, these native patterns may be normalized due to the enhanced
functional groups associated with the phenolic compounds in the pres-
ence of Au-NPs. This is because they help the antioxidant system combat
reactive intermediates that attack these biomacromolecules.114 .

In terms of molecular assays, the liver tissues of the Etn-injected
group showed a significant increase in the levels of relative expres-
sions of the genes for caspase-3, p53, and Bax, while Bcl2 gene expression
decreased. This could be explained by the increased production of pro-
apoptotic mediators after Etn injection115 and the cell death induced
by excessive ROS in the rats that received Etn injections.116 The relative
expression of apoptotic genes increased in the brain tissues of the Etn-
injected group as Bcl2 protein expression decreased, particularly in
the cerebrum and cerebellum. This could be explained by the generation
of ROS, which releases stress signals and triggers the apoptotic

machinery.117–118 When rats received Etn injections, the administration
of gold nano-extract controlled the production of mediators that pro-
mote and inhibit apoptosis. This was demonstrated by a decrease in the
relative expression of p53, Bax, and Caspase-3 and an increase in the
Bcl2 gene. Pro- and anti-apoptotic proteins are up- and down-regulated
by the active phytoconstituents (flavonoids and polyphenolic com-
pounds), which are well-known for their strong antioxidant, radical
scavenging, and anti-inflammatory properties, according to El Gamal et
al..119 This finding is in line with their findings. Additionally, by directly
interacting with superoxide anions and hydroxyl radicals, Au-NPs can
form side products with reduced reactivity, which increases antioxidant
activity 30,120.

5. Conclusion

Our results show that the hematological and biochemical alterations
caused by Etn recovered to normal values upon administration of
C. equisetifolia gold nano-extract. Fibrotic and inflammatory marker
levels in the liver and brain tissues were found to have stabilized in the
group that received nano-extract pretreatment. As a result, the pre-
treated group had a greater reduction in the histopathological lesions
caused by the Etn intoxication. Also, the gold nano-extract ameliorated
the native electrophoretic patterns in the pre-treated group. The mo-
lecular analysis revealed that the relative expression of the apoptotic
genes decreased significantly (p ≤ 0.05) by the nano-extract compared
to the rats that received Etn injections; however, their levels did not
return to normal.
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