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Summary

This study investigates the antioxidant/anti-inflammatory activities of S. veneris extract (SVvE) and cerium
oxide nanoparticles/S. veneris (CeO,-NPs/SvE). The study first analyzed the total polyphenolic, flavonoid, and
saponin contents of SVE. The identification of phenolic compounds was determined using High-Performance
Liquid Chromatography (HPLC). Next, the study investigated the hepatoprotective and nephroprotective
effects of S. veneris on acetamiprid-induced toxicity in rats. The rats were administered acetamiprid orally
for two weeks, alone or in combination with SVE and CeO,-NPs/SvE. Our study found an association
between acetamiprid-induced toxicity and significant changes in biochemical, histopathological, antioxidant,
and anti-inflammatory parameters. The treatment with SYE and CeO,-NPs/SvE resulted in a reduction of
malondialdehyde (MDA), TNF-a and IL-6 cytokine levels, while increasing glutathione (GSH) as superoxide
dismutase (SOD) and glutathione peroxidase (GSH-Px), IL-10 and TGF- levels. Our study suggests that
cerium oxide nanoparticles synthesized from S. veneris using the green synthesis method could be a protective

and therapeutic agent against various diseases.
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The Salvia veneris plant (sage), a type of sage,
belongs to the Lamiaceae family. Sage has been used
for various medicinal purposes, including as an anal-
gesic, stomach soother, lung disinfectant, diuretic, and
neuro-relaxant for respiratory diseases such as colds,
flu, bronchitis, and asthma. It has also been used for
rheumatism, heart diseases, skin infections, and wom-
en’s diseases such as galactorrhoea and menopause.
Additionally, it has been studied for its potential in
treating various cancers. This medicinal plant, Salvia
spp., has been found to contain polyphenols, phenolics,
flavonoids, sterols, terpenoids, and essential oils (36).
Its phenolic and flavonoid chemical compositions have
been studied and have antioxidant, antibacterial, anti-
inflammatory, antidiabetic, tumor suppressor, hepa-
toprotective, analgesic, antipyretic, and insecticidal
properties. Although extracts from Salvia spp. have

been extensively studied (13, 18, 36), S. veneris is an
endemic plant of Cyprus that has not been previously
studied in vivo for its antioxidant, anti-inflammatory,
nephroprotective, and hepatoprotective properties.
It is a pink-flowered perennial herb that grows in
rocky areas with 1100-1950 m streams. It has been
found in Degirmenlik village (Nicosia) and the sides
of the mountain area between Taskent and Buffavento
(Kyrenia) in North Cyprus (13).

Acetamiprid is a neonicotinoid insecticide used
in agriculture to protect vegetables and fruits from
insects. It is a significant risk factor due to its toxicity
to human health and the environment. It binds to the
acetylcholine receptors of the central nervous system
in insects, interrupting synaptic transmission (25).
Food contamination with insecticide residues from
agricultural activities can lead to accumulation in the
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kidney, liver, and thyroid gland tissues of humans and
animals. This can result in nephrotoxic, hepatotoxic,
neurotoxic, and immunotoxic effects, potentially lead-
ing to increased reactive oxygen species (ROS) and
death. Subchronic exposure to acetamiprid results in
a decrease in the activity of antioxidant enzymes, par-
ticularly liver antioxidant superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) (25).

There is no comprehensive research on the phy-
tochemical content of extracts obtained from S. ven-
eris. The scientific community has been studying the
production of metal nanoparticles from plant extracts
using green biosynthesis and exploring the potential
biomedical applications of CeO,-NPs. Using nanopar-
ticles in animal health and veterinary medicine will
also benefit treating animal diseases. Combining ra-
diographic imaging technologies with nanoparticles
in experimental animal studies offers a less invasive
alternative to traditional biopsy methods (16). Using
cerium nanoparticles to encapsulate liposome drugs is
promising for animal wound treatments (11). Titanium
dioxide nanoparticles have also shown promising an-
tioxidant and antimicrobial properties in animal heart
diseases (29), and cerium nanoparticles in wound
healing and diabetic foot ulcer treatment (3, 17). For
instance, in vivo, results have shown that CeO-NPs
have biological properties that can accelerate wound
healing by promoting angiogenesis, reducing inflam-
mation, and preventing infections (2, 24). CeO,-NPs
can also reduce the side effects of conventional anti-
viral drugs in the treatment and increase the concen-
tration of metal nanoparticles or drug molecules in
specific organs or tissues. In addition, targeted metal
nanoparticles can prevent the spread of the virus and
infections to vital organs. CeO,-NPs have been pro-
posed against COVID-19 because of their antiviral,
antioxidant, and immunomodulatory properties (23).
A few researchers have shown that CeO,-NPs can sup-
press pro-inflammatory markers and oxidative stress
against ischemic heart disease (34), steatohepatitis, and
portal hypertension (12). Some researchers have also
demonstrated that CeO,-NPs can protect the morphol-
ogy and viability of neuronal cells from injury through
their antioxidant and signal transduction modulation
activities in Alzheimer’s disease (35).

The significant advantage of using nanoparticles pro-
duced through green biosynthesis is that they contain
metal ions or functional groups that can reduce free
radicals in their structures. When free oxygen radicals
(FOR) are produced within cells due to metabolic dis-
orders or cellular interactions with external substances,
excess reactive oxygen-nitrogen species cause oxida-
tive and nitrative stresses. These stresses damage cell
membranes, proteins, and DNA, ultimately resulting
in cell death. Cerium oxide nanoparticles (CeO,-NPs)
have large reactive surface areas within a fluorite
crystalline lattice structure and can serve as catalysts
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and antioxidants. The transition from a reduced to an
oxidized state emulates the properties of antioxidant
enzymes such as SOD, catalase, and peroxidase to
neutralize free radicals (9, 10).

Our study aimed to examine the antioxidant, anti-
inflammatory, hepatoprotective, and nephroprotective
effects of S. veneris plant extract (SVE) and the syn-
thesized CeO,-NPs of S. veneris (CeO,-NPs/SvE) on
acetamiprid-induced oxidative stress in rats.

Material and methods

Chemistry. During the flowering period, S. veneris plants
were harvested from the mountainous area between Taskent
and Buffavento (Kyrenia) in North Cyprus. The leaves and
flowers were dried in the shade for two weeks and then
powdered using an electric plant grinder. All chemicals
and cerium nitrate [Ce(NO,),"6H,0] used in the study were
supplied by Merck Company (Germany).

Preparation of S. veneris extract. 100 g of dried S. ven-
eris was placed in a volumetric flask, and 1500 ml of 100%
methanol (Merck, Germany) was added for extraction. The
mixture was continuously macerated at room temperature
for 24 hours. The resulting extracts were centrifuged at
4000 rpm for 10 minutes and filtered using Whatman 1 filter
paper. The mixture’s solvent fraction underwent evapora-
tion using a rotary evaporator (IKA RV 10 with HB 10 bath,
Germany) and was subsequently redissolved in methanol.
The resulting solution was stored in a refrigerator at 4°C
until further analysis.

Phytochemical analysis of the S. veneris extract

Quantification of phenolic compounds. The polyphe-
nolic content of S. veneris extract was determined using the
Folin-Ciocalteu colorimetric method (28). In a test tube,
30 pl of SVE, 3 ml of Folin Ciocalteu reagent, and 3 ml
of Na,CO, were mixed and incubated at 20°C for 1 hour.
The solution turned blue, and its absorbance was measured
at 760 nm using a UV spectrophotometer (Shimadzu UV
1800, Japan). The reference chemical substance used was
gallic acid, and the results are expressed as mg GA/g SvE.

The total flavonoid content of Salvia veneris extract
was determined using the aluminum chloride colorimet-
ric method (28). 60 ul of SVE, 4 ml of distilled water, and
20 pul of aluminium chloride reagent (10% methanol) were
added to 10 ml volumetric bottles to prepare the sample.
The volume was then completed to 5 ml with pure metha-
nol. The mixture was incubated at 20°C for 30 minutes,
and its absorbance was measured at 430 nm using a UV
spectrophotometer. Quercetin was used as the reference
chemical, and the values are expressed as mg quercetin/g
S. veneris extract.

The total saponin content of SVE was determined using
the acetic-sulfuric acid method (28). In a test tube con-
taining 500 pl of SvE, 1000 pl of glacial acetic acid and
1000 pl of sulfuric acid were added and mixed thoroughly.
The mixture was heated at 60°C for 30 minutes and then
rapidly cooled to 20°C using an ice water bath. The solution
turned purple, and its absorbance was measured at 530 nm
using a UV spectrophotometer. Oleanolic acid was used as
the reference chemical, and the values are expressed as mg
oleanolic acid per gram of SvE.
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HPLC analysis. Quantization and identification of
phenolic compounds of SVE were performed using HPLC
(Agilent 1200, CA, USA). The plant extracts were pre-
pared beforehand and dissolved in 100 pg/ml of distilled
water. After homogenization with a vortex, 20 pl of the
extract was filtered and injected into the HPLC column.
The programmed flow rate was 10 ml/min, with a tem-
perature of 30°C and elution gradients of B linear 5-15%,
0-3 min; 15-25%, 4-13 min, 25-30%, 14-25 min; 30-40%,
26-35 min; 40-43%, 36-40 min; 43-47%, 41-50 min;
47-100%, 51-54 min. The mobile phase solvents were water/
acetic acid (98/2, v/v) and methanol (28). The absorption
spectra were measured in triplicate within the 280 nm to
400 nm range. The SVE phytochemicals were identified by
comparing retention times and UV spectra with Agilent
ChemStation software (Hewlett-Packard ChemStation
System). The identified molecules include apigenin, cafteic
acid, catechin, coumarin, coumaric acid, ferulic acid, gallic
acid, kaempferol, luteolin, myricetin, rosmarinic acid, rutin,
sinapic acid, syringic acid, tannic acid, trans-cinnamic acid,
and vanillic acid. The values were expressed as pg/g SvE.

Synthesis and analysis of CeO, nanoparticles. CeO,
nanoparticles of S. veneris (CeO,-NPs/Sv) were synthesized
using [Ce(NO,), 6H,0]. 4.34 g of cerium nitrate was added
to 100 ml of SVE in a beaker and mixed using a magnetic
hotplate at 50°C. The mixture was vortexed at 1500 rpm
for 2 hours, resulting in the formation of CeO,-NPs/SvE,
indicated by the blackish-brown color of the solution.
The nanoparticles were then purified by centrifugation at
10,000 rpm for 10 minutes, and the yellow-colored nanopar-
ticle pellets were collected and freeze-dried with Alpha 1-2
LD (-80°C). The maximum absorbance of CeO,-NPs/SvE
was determined using a UV spectrophotometer with a range
0t 300-400 nm. Structural and size analysis were conducted
using Scanning Electron Microscopy (SEM) and Transmis-
sion Electron Microscopy (TEM) (Hitachi, Japan). X-ray
diffraction (XRD) analysis was performed using an X Pert
Powder nickel monochromator (PANalytical, Holland)
(20:20°-80°, Cu/Ka radiation in 1.540 A) to examine their
crystallographic structure. The spectral properties of the
sample were analyzed using Fourier Transform Infrared
Spectroscopy (FTIR) (Shimadzu, Japan) in the range of
4000-400 cm™' (24).

In vivo study

Experimental design of animals. We obtained healthy
male and adult Sprague-Dawley rats weighing 220 + 30 g
from a commercial source. Their health conditions are guar-
anteed by the commercial company and sold. The animals
were fed standard mouse chow and given tap water. They
were housed in autoclavable polycarbonate cages under
standard environmental conditions, including a room tem-
perature of 20°C, 50% humidity, and a 12-hour light/dark
cycle. Ten rats were randomly assigned to each group. The
substances were dissolved in olive oil and administered
intraperitoneal to the rats for two weeks:

* Group 1 (n = 10): Control group (distilled water only),

* Group 2 (n = 10): Acetamiprid group (daily, 10 mg/kg
acetamiprid),

* Group 3 (n=10): S. veneris extract (SVE) group (daily,
100 mg/kg SvE),
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* Group 4 (n=10): CeO,-NPs/SvE group (daily, 100 mg/
kg CeO,-NPs/SvE),

e Group 5 (n = 10): Acetamiprid + SvE group (daily,
10 mg/kg acetamiprid and 100 mg/kg SvE),

* Group 6 (n = 10): Acetamiprid + CeO,-NPs/SvE group
(daily, 10 mg/kg acetamiprid and 100 mg/kg CeO,-NPs/SvE).

Preparation of samples. At the end of the study, the
rats were anesthetized with ketamine-xylazine (50 mg/kg,
5 mg/kg) and euthanized by cervical dislocation. The blood
samples were collected after euthanization. The whole blood
was centrifuged at 4000 rpm for 5 minutes to extract the
serum, which was then stored in the freezer at —80°C for bio-
chemical analysis. Liver and kidney tissues were removed
immediately after blood collection, washed with saline,
and stored at —20°C until further analysis. The tissues were
weighed and homogenized with a cold 0.15 M KCl solution
in a tissue homogenizer (Magna Lyser, Roche, Switzerland)
to prepare 10% homogenates (w/v). To obtain the post-
mitochondrial fraction, the tissue homogenates were first
centrifuged at 600 rpm for 10 minutes in a cold centrifuge
set at 4°C. The resulting supernatant was then centrifuged
at 10,000 rpm in an Eppendorf centrifuge for 20 minutes,
and the supernatant was stored in the freezer at —80°C. The
preparation of lipid extracts for measuring cholesterol and
triglyceride levels followed the method described by Kolac
etal. (18). Specifically, 0.25 ml of 10% tissue homogenates
were mixed with 3.75 ml of chloroform: methanol solution
(2:1), thoroughly processed, and filtered. The final volume
was adjusted to 4 ml, and the samples were stored in capped
tubes at —4°C until the experiments were carried out.

Histopathological analysis. For histopathological analy-
sis, liver and kidney tissues taken from rats were fixed in
a 10% buffered formaldehyde solution. Next, these tissues
were routinely blocked in paraffin by passing through
graded alcohol series, methyl benzoate, and benzol. Serial
tissue sections of 5 um were taken from the blocks and
stained with hematoxylin and eosin. Then, one drop of
entellan was added to the tissue section, and the prepara-
tions were examined under a light microscope (Zeiss Primo
Star), investigating the histopathological changes.

Determination of biochemical parameters in blood.
The renal and liver functions in rats were assessed using the
autoanalyzer (Abbott Architect C8000, IL, USA) and com-
mercial kits (Advia Chemistry). To evaluate renal functions,
serum creatinine (CRE), uric acid, and blood urea nitrogen
(BUN) were measured. Aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and total bilirubin (TB)
were also measured to determine liver functions in rats.

The corresponding reagent kits measured glucose, cho-
lesterol, and triglycerides (TG). The triglyceride and cho-
lesterol levels were determined in sera. 1 ml of serum was
taken, and the water phase evaporated in a boiling bath.
Next, 0.4 ml of ethanol:diethyl ether (3:1) was added
and mixed thoroughly with a vortex. Then, 0.06 ml of this
extract was mixed with 0.6 ml of cholesterol and 0.6 ml of
reagents from the kits used for triglyceride determinations.
The tubes were kept at 37°C for 5 minutes, and the result-
ing color was read at 505 nm using a spectrophotometer.
The results were reported as mg cholesterol/dl and mg
triglycerides/dl.
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Analysis of antioxidant status in liver and kidney
tissues. The levels of malondialdehyde (MDA) and gluta-
thione (GSH), as well as the activities of superoxide dis-
mutase (SOD) and glutathione peroxidase (GSH-Px), were
measured in the liver and renal tissues of rats. MDA and
GSH levels were determined in tissue homogenates of 10%
(w/v) prepared at 0.15 M KCl of tissues. SOD and GSH-Px
activities were determined in the post-mitochondrial fraction
obtained by gradual centrifugation from liver and kidney
homogenates.

Assessment of lipid peroxidation in tissues. Lipid per-
oxidation levels were estimated using the colorimetric thio-
barbituric acid reactive substance (TBARS) method (18).
Actotal of 0.2 ml of liver or kidney tissue homogenates were
taken and mixed with 0.2 ml of 8.1% sodiumdodecylsulfate,
1.5 ml of 20% acetic acid, 1.5 ml 0of 0.8% TBA, and 0.6 ml
of distilled water. The mixture was then incubated in a water
bath at 90°C for 60 minutes. After incubation, the mixture
was rapidly cooled on ice. Then, 1 ml of distilled water
and 5 ml of butanol/pyridine mixture (15: 1) were added.
The mixture was centrifuged at 1000 rpm for 10 minutes to
separate the organic phase. The supernatant’s optical density
was measured at 532 nm using a UV spectrophotometer,
with 1,1,3,3-tetracthoxypropane as the standard. The results
were presented as pmol/mg protein.

Measurement of glutathione (GSH) levels. GSH levels
were measured using the Elman reagent (5,5’-dithiobis-2
nitro benzoic acid). This reagent is reduced by free sulf-
hydryl (-SH) groups in tissues, resulting in the formation
of 1 mole of 2-nitro-5 thiobenzoic (DTNB) acid for every
1 mole of SH group (19). For the analysis, 0.5 ml of liver
or 1 ml of kidney tissue homogenates was taken, and the
volumes were adjusted to 2 ml with 0.15M KCI. 3 ml of
deproteinizing solution (sodium chloride, metaphosphoric
acid, EDTA, and distilled water) was added to the mixture
and centrifuged at 3000 rpm for 10 minutes. Next, 0.5 ml of
the supernatant was combined with 2 ml 0of 0.3 M Na,HPO,
and 0.5 ml of Elman reagent. A UV spectrophotometer mea-
sured the resulting yellow product for absorbance at 412 nm.
GSH levels were calculated using an extinction coefficient
of 13600 M ! x cm ™!, and the results were expressed as nmol
GSH/mg protein.

Measurement of superoxide dismutase (SOD) activity.
The activity of SOD is measured by the ability of riboflavin-
sensitized o-ranitidine to increase the rate of photooxida-
tion. The superoxide radical, formed by the fluorescence
effect of riboflavin, is converted into hydrogen peroxide
in the presence of SOD. Hydrogen peroxide reacts with
o-dianicidinin to produce a colored product, which is then
detected spectrophotometrically (18, 28, 36). 2.6 ml of
50 mM potassium phosphate buffer (pH 7.8) and 0.1 ml of
o-dianicide were added to the blind, standard, and test tubes,
respectively. In the blind tube, 0.1 ml of distilled water was
added, while in the standard tube, 0.1 ml of SOD standard
(Sigma) was added. In the test tube, the post-mitochondrial
fraction (0.05 ml for the liver, 0.1 ml for the kidney) was
added, followed by 0.2 ml of riboflavin to each tube, 30 sec-
onds apart. The absorbance values at 460 nm were then
determined spectrophotometrically. The tubes were placed
in a special box 37°C containing a 20 W fluorescence lamp
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for 8 minutes. At the end of the period, the tubes’ absorbance
was measured again, and the difference between the two
readings was calculated. The same procedures were carried
out for the experimental blind and the standard.

Measurement of glutathione peroxidase (GSH-Px)
activity. GSH-Px activity determination involves two reac-
tions (19). The first reaction reduces hydrogen peroxide
(H,0,) or organic hydroperoxide by GSH-Px while convert-
ing GSH in the environment to oxidized GSH (GSSG). The
second reaction oxidizes GSSG to GSH by GSH-reductase
(GSH-R) and converts nicotine amide adenine dinucleotide
(NADPH) to NADP*. GSH-Px activity was measured in
a prepared medium containing 50 mM potassium phos-
phate buffer (pH 7.0), one mM EDTA, 1 mM sodium azide,
0.2 mM NADPH, one mM GSH, 0.5 IU/ml glutathione
reductase, and 1.2 mM cumene hydroperoxide. The post-
mitochondrial fraction of the liver was diluted 50 times, and
0.05 ml was added to the medium. The post-mitochondrial
fraction of the kidney was diluted fivefold, and 0.02 ml was
added to the medium for renal GSH-Px determination. The
cuvettes were placed on a spectrophotometer with a thermo-
stat set to 37°C, and the absorbance change at 340 nm was
observed at 1-minute intervals. Additionally, a non-enzy-
matic change was recorded by monitoring the reaction in
the medium without the post-mitochondrial fraction (blind
experiment). GSH-Px activity was determined by calculat-
ing the results using the extinction coefficient of NADPH
(6.22 x 103 M! x em™) and expressed in nmol NADPH/
mg protein/minute.

Protein determination. The protein content of tissue
homogenates and post-mitochondrial fractions was deter-
mined using the bi-iconic acid method described by Smith
et al. (32). The protein colorant reagent was prepared by
adding 0.2 ml of 4% CuSO, to 10 ml of Biticinchoninic
acid solution (Sigma). 200 pl of the protein colorant reagent
was taken, and 10 pl was added from diluted liver or kidney
homogenates or post-mitochondrial fractions. The sample
was allowed to cool to room temperature before measuring
its absorbance spectrophotometrically at 562 nm.

Determination of anti-inflammatory effects of SVE
and CeO,-NPs/SvE. To investigate the anti-inflammatory
effects of SVE and CeO,-NPs/SvE in vivo, Enzyme-Linked
Immune Sorbent Analyses (ELISA) tests were performed
using liver or kidney homogenates that were frozen at
—80°C before analysis and then thawed on ice. The levels
of the pro-inflammatory cytokines, tumor necrosis factor-
alpha (TNF-a), and interleukin-6 (IL-6) were determined
using Sandwich-ELISA rat kits (E-bioscience, San Diego,
CA, USA). The levels of the anti-inflammatory immuno-
modulatory mediators, interleukin-10 (IL-10) and trans-
forming growth factor-f (TGF-B), were measured using
Sandwich-ELISA rat kits (E-bioscience, San Diego, CA,
USA). Following the manufacturer’s instructions, ELISA
plates were pre-coated with specific antibodies to TNF-a,
IL-6, IL-10, or TGF-P. Tissue homogenates from animals
were diluted by 1/2 and included in ELISA analyses. The
ELISA results were determined using a microplate reader
(Epoch 2 Microplate Spectrophotometer, BioTek, USA).
The Gen5 Microplate data connection and analysis software
analyzed the microplate data.
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Statistical analysis. This was conducted using SPSS
25.0 software. Data were analyzed and compared using
one-way analysis of variance (ANOVA) followed by post-
hoc Tukey’s test. A significance level of P <0.05 was used.
The data are presented as mean + standard deviation (SD).

Ethical approval. All procedures performed in this study
were according to the ethical standards of the institutional
and national research committee, along with the 1964
Helsinki Declaration and its later amendments or compa-
rable ethical standards. The authors of this article carried
out animal studies. The study was approved by the Girne
American University ethics committee (2023/033).

Results and discussion

Phenolic compounds contain at least one phenol
unit and hydroxyl substituents. They are secondary
metabolites found in plants, providing unique flavor
compounds and benefits such as protection against
pathogens and UV rays. Previous scientific studies
have shown that phenol-rich plant extracts possess
antimicrobial, antioxidant, and anti-inflammatory
properties, which can help reduce the risk of chronic
diseases and cancer (18, 33, 36). The total polyphenolic
content of the SVE was found to be 100.84 £ 0.12 mg
GA/g extract, also calculated per gram of sample using
the same method. The concentration of flavonoid com-
pounds in SVE was found its level 144.22 + 1.28 mg
quercetin/g SVE. The S. veneris extract’s total saponin
content was 72.51 + 0.76 mg oleanolic acid/g extract.

Quantification and identification of phenolic com-
pounds in SVE were performed using HPLC. Twenty-
two phenolic compounds were identified, including
apigenin, caffeic acid, catechin, coumarin, coumaric
acid, ferulic acid, gallic acid, kaempferol, luteolin,
myricetin, rosmarinic acid, rutin, sinapic acid, syringic
acid, tannic acid, trans-cinnamic acid, and vanillic acid.
The values were expressed as pg/g SvE (see Fig. 1
and Tab. 1).

400

Tab. 1. Quantification and identification of phenolic com-
pounds in SVE*

Compounds (mg gﬁ:wtig;:;tg(?ra of) Peak/Retention time
Rosmarinic acid 34.9:13.4 9/24.9
Isoquercitrin 32.45x0.5 13/30.5
Acacetin 20.52+0.7 14/35.6
Naringenin 14.22+0.4 17/36.5
Fumaric acid 10.21+0.12 2/3.9
Protocatechuic acid 5.73+0.08 3/6.8
Luteolin 3.85+0.08 19/38.3
Caffeic acid 0.813+0.03 6/12.1
Quinic acid 0.726 + 0.32 1/3.0
Cosmosiin 0.357 £ 0.03 10/25.5
Cynaroside 0.251 £ 0.04 8/23.7
Protocatechuic aldehyde 0.247 £ 0.01 5/8.5
Chlorogenic acid 0.127 £ 0.04 4/8.4
Hesperidin 0.115 + 0.009 11/25.7
Astragalin 0.082 + 0.005 22/40.9
Salicylic acid 0.056 + 0.005 7/21.8
Nicotiflorin 0.035+ 0.003 15/35.8
Apigenin 0.027 + 0.003 21/39.0
Genistein 0.018 + 0.003 20/38.5
Rutin 0.011 £ 0.002 12/30.3
Quercetin 0.010 + 0.001 16/36.0
Hesperetin 0.005 £ 0.0007 18/37.0

Explanation: * The mean values (X) were obtained from three
parallel measurements and are expressed as x + SD.

In this study, we synthesized CeO,-NPs/SvE from
S. veneris using cerium nitrate as the precursor. We
controlled the synthesis and catalytic activity of
CeO,-NPs/SvE using various techniques such as UV
spectroscopy, FTIR, XRD, and SEM (18).

The formation of CeO,-NPs/
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Fig. 3. A. The XRD pattern shows the CeO,-NPs/SvE was obtained from S. veneris extract; B. The SEM image of the CeO,-

NPs/SvE was obtained from S. veneris extract

(O-H tensile vibration). In our study, we measured
the spectra resulting from the stretching frequency of
Ce-0, which were found to be 455 cm™, indicating the
fabrication of CeO,-NPs/SvE.

The zeta potential test assessed the electric charge
on the surface of CeO,-NPs/SvE. At the same time,
the crystal structure of the synthesized CeO,-NPs/SvE
was revealed through XRD analysis (18) (Fig. 3A).
The figure shows peaks denoted by values of 26, in-
cluding 38.64, 33.04, 47.52, 56.61, 69.38, 75.96 and
78.84, which correspond to (111), (200), (220), (222),
(400), (331) and (420), respectively. The SEM images
revealed particles with rounded morphologies and an
average size of 200 um (18) (see Fig. 3B).

Normal histological findings are seen in the control
group’s rat liver and kidney tissue samples. The typical
liver tissue structure in the control group depicts a nor-

mal shape and arrangement of hepatocytes and sinu-
soidal spaces (Fig. 4A). In the CeO,-NPs/SvE-treated
group, normal histological features of hepatic tissues
with only mild congestion were observed (Fig. 4B,
4C). In the Acetamiprid + SVE group, the typical ar-
chitecture of liver tissue with only mild congestion was
observed (Fig. 4D). In the group administered 10 mg/
kg acetamiprid, vacuolation in hepatocytes, pyknosis in
cell nuclei, and congestion in liver tissue were observed
(Fig. 4E, 4F). In the control group, renal tubules are
embedded in the parenchyma among normal-shaped
kidney cells, erythropoietic and granulopoietic series,
lymphocytes, and phagocytes in this area. The space
between kidney cells is quite narrow (Fig. 5A). When
kidney histology was examined in the Acetamiprid
+ CeO,-NPs/SvE group, despite slight degeneration
in the distal tubules and increased capsule area, the



Fig. 4. A. Normal liver histology of control group; B, C. Histological structure of the liver in the Acetamiprid + CeO,-NPs/
SvE group; D. Histological structure of the liver in the Acetamiprid + SvE group; E, F. Histological structure of the liver in
the 10 mg/kg Acetamiprid group

Explanations: cv — central vena; rc — radially arranged remark cords; s — sinusoid; black arrow — hepatocytes; black arrowhead —
Kupffer’s star cell; dashed circle — microvesicular steatosis in hepatocytes; asterisk — congestion in the central vein; black circle
— degeneration, necrotic areas and steatosis in hepatocytes; yellow arrow — sinusoidal dilation; green arrow — inflammatory cell
infiltration; rectangular area — vacuolar and hepatocellular degeneration in the parenchymal region; dashed arrow — regenerative
binuclear hepatocytes; db — ductus biliferi; H&E; bar — 50 um
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Fig. 5. A. Normal kidney histology of the control group; B. Histological structure of the kidney in the Acetamiprid + CeO,-NPs/
SvE group; C. Histological structure of the kidney in the Acetamiprid + SvE group; D. Histological structure of the kidney

in the 10 mg/kg Acetamiprid group

Explanations: Gl — glomeruli; Pt — proximal tubule; Dt — distal tubule; black arrowhead — bowman’s capsule; black arrow —bowman’s
space; dashed black arrow — glomerular capillaries; dashed yellow arrow — mesangial cells; asterisk — vein; yellow arrowhead — dege-
nerate tubule epithelial cells; black circle — diffuse tubular degeneration; yellow arrow — intratubular cast; green circle — glomerular
lobulation; double-sided arrowhead — enlargement of bowman space

general appearance was similar to that of the control
group (Fig. 5B). In the Acetamiprid + SVE group, the
degeneration in the distal tubules increased even more
and reached necrotic dimensions (Fig. 5C). In the
group administrated 10 mg/kg acetamiprid, glomeru-
lar degeneration and atrophy, an appearance without
a Bowman capsule due to the glomerulus filling the
Bowman capsule, hemorrhage, and necrosis in the
tubules was observed (Fig. 5D).

This study aimed to investigate the antioxidant, anti-
inflammatory, nephroprotective, and hepatoprotective
properties of S. veneris plant extract and the synthe-
sized CeO, nanoparticles of S. veneris (CeO,-NPs/SvE)
on acetamiprid-induced hepatotoxicity and nephro-
toxicity in rats. The primary biochemical parameters
in serum were determined in rats, including serum

CRE, uric acid, BUN, AST, ALT, TB, serum glucose,
cholesterol, and triglyceride levels. The antioxidant
status was determined in the liver and kidney tissues
of rats with acetamiprid-induced oxidative stress by
levels of MDA and GSH, as well as SOD and GSH-Px
activities. To investigate the anti-inflammatory effects
of S. veneris and CeO_-NPs/SvE in vivo, we measured
the levels of pro-inflammatory cytokines TNF-a and
IL-6, as well as anti-inflammatory cytokines IL.-10 and
TGF-f in liver and kidney tissue homogenates using
ELISA rat kits (Tab. 2).

Throughout human history, people all over the world
have used plant-based medicines. Today, complemen-
tary medicine is an integral part of the health care sys-
tem for the treatment of disease. However, they must
be scientifically researched and used appropriately
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for the specific disease, dose, and mode of use. Plants
contain phytochemicals, which are active ingredients
with beneficial properties for treating many diseases.
Compounds found in plants, such as terpenoids, phy-
tosterols, flavonoids, alkaloids, carotenoids, phenols,
organic acids, and protease inhibitors, play important
roles in human health. ROS are produced in the body
during normal cellular metabolism and can contribute
to the development of chronic diseases. ROS are highly
reactive and can easily damage cells during biochemi-
cal reactions, leading to lipid peroxidation. This is
important in developing chronic diseases (9, 10, 14).
Nanoparticles synthesized from plants effectively bind
FOR, hydroxyl radicals, hydrogen peroxide, superox-
ide anion radicals, and singlet oxygen, reducing oxida-
tive stress. According to Nadeem et al. (22), medicinal
plants with high levels of antioxidant phytochemicals,
such as phenols, tannins, and flavonoids, have been
observed to enhance their lipid peroxidation-inhibiting
effects through synthesis with CeO,. Salvia spp. have
been found to protect against various chronic diseases,
including cancer, cardiovascular and cerebrovascular
diseases, atherosclerosis, and diabetes. This may be
due to their high antioxidant capacity (18, 36). Recent
research has shown that antioxidants and anti-inflam-
matory agents have potential value in treating dys-
lipidemia, hyperglycemia, increased oxidative stress,
cardiovascular disease, cancer, diabetes, dementia,
and other age-related diseases. However, only a few
studies investigating the interaction of biochemical and
anti-inflammatory parameters with Salvia veneris have
been found in the literature (18, 22, 36). The present
study is the first to investigate the effect of synthesized
CeO, nanoparticles of S. veneris.

Quantification and identification of phenolic com-
pounds in SVE were performed using HPLC. The
sample contains a range of phenolic compounds,
especially rosmarinic acid (34.9 = 13.4 mg/g), the
most abundant. High levels of fumaric acid (10.21
+0.12 mg/g), acacetin (20.52 £ 0.7 mg/g), isoquercitrin
(32.45+ 0.5 mg/g), and naringenin (14.22 + 0.4 mg/g)
were detected in SVE. In a study by Bakir et al. (6) on
S. hypargeia leaf extract, the amount of rosmarinic
acid was found to be 38.04 mg/g, and isoquercitrin
was found to be 4.14 mg/g. Bursal et al. (8) identified
major compounds in S. eriophora Boiss&Kotschy's
water extract, including fumaric acid (0.555 + 0.038
mg/g), caffeic acid (0.103 + 0.02 mg/g), and epicat-
echin (0.083 + 0.008 mg/g). Yilmaz et al. (36) also
detected high levels of phenolic (rosmarinic acid and
caffeic acid) and flavonoid compounds (luteolin, nar-
ingenin, and acacetin) in S. aytachii. These findings
are in agreement with our results.

In this study, we controlled the synthesis and catalyt-
ic activity of CeO,-NPs/SvE using various techniques,
such as UV spectroscopy, FTIR, XRD, and SEM.
Analyzing those techniques confirmed the formation
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of CeO,-NPs/SvE in accordance with previous studies
(4,5,21).

In the histopathological analysis of liver and kidney
tissues, it was observed that the group receiving 10 mg/
kg acetamiprid showed vacuolation in hepatocytes,
pyknosis in cell nuclei, congestion in liver tissue, glo-
merular degeneration, and atrophy, a glomerulus filling
the Bowman capsule, as well as hemorrhage and ne-
crosis in the kidney tissue tubules. These findings were
consistent with previous studies (14, 25). Our study
revealed that pre-treating rats with S. veneris extract
and CeO,-NPs/SvE resulted in slight and significant
improvements in all observed histopathological param-
eters compared to the acetamiprid group.

The main biochemical parameters we analyzed in
rats. The administration of acetamiprid (10 mg/kg)
resulted in a significant decrease in glucose levels
and an increase (p < 0.05) in all other biochemical
parameters compared to the control and other groups.
Pre-treatment of rats with S. veneris extract and CeO,-
NPs/SvE at 100 mg/kg significantly increased glucose
levels. They reduced all measured biochemical param-
eters compared to the acetamiprid group (p < 0.05).
However, rats pretreated with 100 mg/kg CeO,-NPs/
SvE showed insignificantly higher glucose levels and
lower levels of all other biochemical parameters than
the 100 mg/kg acetamiprid + SvE group. Antioxidant
markers have long been used in studies of oxidative
stress and the antioxidant effects of plants. The ad-
ministration of acetamiprid significantly increased
hepatic and renal levels of MDA while reducing lev-
els of the hepatic and renal antioxidants GSH, SOD,
and GSH-Px. Using S. veneris extract and CeO,-NPs/
SvE significantly decreased the acetamiprid-induced
elevation of liver and kidney tissue content of MDA,
amarker of lipid peroxidation. Furthermore, the extract
of S. veneris and CeO -NPs/SvE significantly increased
the hepatic and renal tissue content of GSH, SOD, and
GSH-Px, which are important antioxidant defenses of
human tissues. Previous studies have demonstrated that
the methanolic extracts of Salvia spp. can scavenge
2,2-Diphenyl-1-picryl hydrazyl (DPPH) free radicals
and exhibit total antioxidant activity. Additionally,
these extracts have been shown to resist oxidative stress
caused by H,O, in astrocytes by scavenging FOR and
blocking the H,0,-induced mitogen-activated protein
kinase (MAPK) pathway (27, 28). The studies revealed
high levels of phenolic and flavonoid compounds in
the Salvia spp. extracts. Furthermore, the sage extract
increases resistance to oxidative stress in the liver
cells of experimental animals by increasing GSH-Px
activity and GSH content in rats and reducing DNA
damage caused by oxidants (15). Consistent with our
findings, in a lipopolysaccharide-induced experimen-
tal inflammation model, significantly higher levels
of MDA in erythrocytes and liver, lung, and kidney
tissues of rats has also been observed compared to the
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group administered S. officinalis extract. Additionally,
the activities of SOD, CAT, and GSH-Px, as well as
erythrocyte SOD and CAT activities in liver, lung, and
kidney tissues, were significantly lower in the group
that did not receive S. officinalis extract (18).

To investigate the anti-inflammatory effects of
S. veneris and CeO,-NPs/SvE in vivo, we measured
the levels of pro-inflammatory cytokines TNF-a and
IL-6, as well as anti-inflammatory cytokines IL-10 and
TGF-f in liver and kidney tissue homogenates using
ELISA rat kits. We found that TNF-a and IL-6 levels
were significantly increased in the liver and kidney
tissue homogenates of rats administered with acet-
amiprid compared to the normal group. Treatment of
rats with hepatotoxic and nephrotoxic effects induced
by acetamiprid was carried out using S. veneris extract
and CeO,-NPs/SvE. The results showed a significant
reduction in TNF-o and IL-6 levels. CeO,-NPs/SvE
had a slightly greater effect than S. veneris extract.
Furthermore, IL-10 and TGF-f levels were significant-
ly reduced in liver and kidney tissue homogenates of
the acetamiprid-treated group compared to the control
group. However, the levels of anti-inflammatory mark-
ers, IL-10 and TGF-f cytokines, significantly increased
in acetamiprid-induced hepatotoxic and nephrotoxic
rats treated with S. veneris extract and CeO,-NPs/SvE.
The effectiveness of CeO,-NPs/SvE treatment in rats
administered with acetamiprid was moderate compared
to the group treated with S. veneris extract.

Previous studies have reported that S. officinalis and
S. plebian exert anti-inflammatory effects by reducing
the production of nitric oxide and prostaglandin E,
(PGE,) in macrophages, as well as the gene expression
levels of iNOS, cytokines (IL-1a, I[L-6), and chemo-
kines (1, 26). In another study, tanshinones isolated
from S. miltiorrhiza significantly inhibited mRNA
and protein expression of TNF-a, IL-1b, and IL-8
in lipopolysaccharide-stimulated macrophages (7).
Our study also confirmed that Salvia spp. has strong
anti-inflammatory properties due to its phenolic com-
pounds, such as isoquercitrin, fumaric acid, rosmarinic
acid, and naringenin (20).

Sage is widely used in traditional medicine to treat
the respiratory tract, digestive system, rheumatism,
heart diseases, skin infections, gynecological diseases,
and various cancers. /n vitro and animal studies have
confirmed that many Salvia species have antioxidant
activity and contain many active compounds, including
polyphenols, phenolics, flavonoids, sterols, terpenoids,
and volatile oils that can protect against oxidative
stress and many diseases. CeO -NPs have been syn-
thesized as a safe and biocompatible nanomaterial by
green synthesis and used in experimental studies. Our
study demonstrated the antioxidant, anti-inflammatory,
hepatoprotective, and nephroprotective properties of
S. veneris plant extract and CeO,-NPs/SvE on acet-
amiprid-induced hepatotoxicity and nephrotoxicity in
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rats. Cerium oxide nanoparticles protect cells due to
their strong anti-inflammatory and antioxidant proper-
ties and radical quenching activities. Finally, further
research is recommended to improve our understanding
of the potential health benefits of Salvia plants.
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