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Article history: In many occupational settings, workers are frequently exposed to toluene and noise. However, the indi-
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noise on the rat heart, while also evaluating the potential preventive effect of olive leaf extract (OLE).
Forty-eight male Wistar rats were randomly assigned to eight groups (n = 6/group): control group (C),

ﬁey,WOdef control group that received OLE (C + OLE), group exposed to noise (N), group exposed to noise and receiv-
T:;llj:ne ing OLE (N + OLE), group exposed to toluene (T), group exposed to toluene and receiving OLE (T + OLE),

Heart tissue group co-exposed to noise and toluene (NT), and group co-exposed to noise and toluene and receiving
Olea Europaea L. leaf extract OLE (NT + OLE). The rats in this study were subjected to simultaneous exposure to toluene and noise
Rat for a duration of six weeks, within a custom-built plexiglass chamber. Toluene was administered at a con-
Antioxidant activity centration of 300 ppm, while the noise level was set to 85 dB(A). The exposure chamber was equipped
with a generation system, an exposure system, and a monitoring system, ensuring precise and accurate
exposure conditions. After the six-week period, heart and blood samples were collected from the rats for
subsequent analysis. Plasma levels of cholesterol (CHOL), triglycerides (TG), lactate dehydrogenase (LDH),
and creatine kinase (CK) were measured, and histopathological investigation was conducted using HE
staining. Additionally, superoxide dismutase (SOD) and catalase (CAT) activities, as well as malondialde-
hyde (MDA) levels in heart tissue were measured. Our results showed that simultaneous exposure to
noise and toluene altered CHOL, TG, LDH, and CK levels, and also caused an increase in lipid peroxidation
levels and superoxide dismutase activity, along with a decrease in catalase activity in the heart. A signif-
icant alteration in the myocardium was also observed. However, treatment with OLE was found to mod-
ulate these oxidative and histological changes, ultimately correcting the deleterious effects induced by
the combined exposure to noise and toluene. Therefore, our study suggests that OLE could be a potential
preventive measure for individuals exposed to toluene and noise in industrial settings.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(Benignus et al.,2005, Lee et al., 2020, Wayman & woodwars, 2018)
and ventricular enlargement (Cruz et al., 2014).

Noise exposure is found in numerous professional sectors and is
described to cause sensorineural hearing loss, even below legal
thresholds. Noise has harmful extra-auditory consequences on
the brain by inducing sleep disorders (Basner et al., 2014). It can
also stimulate catecholamines and cortisol release, affecting the
cardiovascular system. The effects of noise can also alter arterial
hypertension and cause ischemic heart disease and strokes
(Assunta et al., 2015, Skogstad et al., 2016, Sorensen, 2017).

Natural products, particularly those of vegetable origin, have
been a historically significant source of therapeutic agents. Addi-
tionally, there is a well-established link between nutrition and
health.

Several scientific teams have been exploring the potential of
medicinal plants due to their high concentration of bioactive com-
pounds and low toxicity. For thousands of years, medicinal plants
have been utilized in traditional medicine systems. The Mediter-
ranean diet, known for its wide-ranging consumption of plant-
based products such as fruits, legumes, cereals, and herbs, is recog-
nized for its health benefits. The olive tree (Olea europaea) is an
iconic plant in the Mediterranean region. In Tunisia, the Oleaceae
family, specifically olives (Olea europaea L.), are present in more
than 50 different varieties (Trigui & Msallem, 2002) and have been
extensively studied due to their numerous health benefits. Of par-
ticular interest are the olive leaves, which are rich in bioactive
compounds such as oleuropein and hydroxytyrosol. These com-
pounds have been associated with a range of therapeutic proper-
ties, including antioxidant, anti-inflammatory, antimicrobial,
antiviral, and anti-tumor effects. (De Cicco et al., 2020, Sahin and
Bilgin 2018, Romani et al., 2019). Hence, olive by-products, includ-
ing olive leaves, are increasingly being explored for their potential
medicinal benefits.

Given the growing concern about the adverse effects of expo-
sure to harmful agents in the workplace, several epidemiological
studies have investigated the effects of co-exposure to multiple
harmful agents. Researchers such as Golmohammadi & Darvishi
(2019), Mohammadi et al. (2010) and Morata et al. (1993), have
conducted studies in this area. In line with this research, our recent
epidemiological investigation, conducted by Ben Attia et al. (2022),
examined the combined exposure to solvents and noise in a com-
posite product manufacturing company that specializes in sports
field products. The study found that toluene was the most fre-
quently encountered solvent, with a concentration of 300 ppm,
and the sound intensity level of 85 dB(A) was consistently
observed across different workstations (Ben Attia et al., 2022;
Mhamdi et al., 2021).

Therefore, the aim of this study was to investigate the in vivo
effects of simultaneous exposure to noise and toluene on biochem-
ical and hematological parameters, oxidative stress biomarkers,
and heart histology in male Wistar rats, as well as to evaluate
the protective role of Olea europaea L. leaf extract against the harm-
ful effects of co-exposure to noise and toluene.

2. Material and methods
2.1. Chemicals

Toluene, C7HS, is a colorless, flammable liquid with a sweet
odor. It is commonly used as a solvent in various industrial pro-
cesses. The toluene used in inhalation exposure was obtained from
“SMSBio, Sud médical services, Tunisia.”.
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2.2. Plant extract preparation

Olea europaea L. leaves were harvested at the beginning of
November 2020 from El Mansoura, Siliana city, located in the
northern region of Tunisia. To ensure the accurate identification
of the plant species, a voucher specimen (TBA 001) was carefully
prepared and deposited at the herbarium of the Botany depart-
ment at Faculty of Sciences of Tunis. A taxonomist was consulted
to ensure precise identification of the plant.

The leaves were air-dried at room temperature in the absence of
light and ground into a fine powder. Five grams of olive leaf pow-
der were extracted with 200 mL of 70% ethanol and 30% water at
60 °C for 4 h, followed by filtration using a cellulosic plate filter.
The resulting solution was concentrated at 65 °C under vacuum
using a rotary evaporator and stored at 4 °C until further use.
The extraction process was carried out at the Quality Control Lab-
oratory of Herbes de Tunisie Company in El Mansoura, Siliana.
(Hassan et al., 2022, Yateem et al., 2014).

2.2.1. Phytochemical analysis

2.2.1.1. Total phenol content (TPC). Total phenolic compounds con-
tent was determined colorimetrically at 765 nm and expressed
as gallic acid equivalent (GAE), according to the method described
by Ben Hsouna et al. (2019). The samples were added to Folin-
Ciocalteu reagent and Na,COs solution and placed in a water bath
at 400C for 30 min before passing to the spectrophotometric anal-
ysis (spectrophotometer Genesys 10 UV screening, Thermo Elec-
tron Corporation, France). Total phenol content was expressed in
g of gallic acid equivalent/ 100 g of dry matter (DW).

2.2.1.2. Total flavonoid contents (TFC). Total flavonoid contents was
determined following the modified procedure of Ben Hsouna et al.
(2019). Briefly, 0.5 mL of aqueous extract was placed in a 5 mL vol-
umetric flask, and then 2.5 mL of distilled water was added, fol-
lowed by 0.15 mL of 5% NaNO2. After 5 min, 0.15 mL of 10%
AICI3 was added. 5 min later, 1 mL of 1 M NaOH was added, fol-
lowed by distilled water until reaching the desired volume. The
solution was mixed and absorbance was measured at 510 nm using
a spectrophotometer (Genesys 10uv screening, Thermo Electron
Corporation, France). Total flavonoid content was expressed as g
quercetin / 100 g of DW.

2.2.1.3. Determination of radical scavenging activity by DPPH assay.
The radical scavenging activity of the extract of O. europaea leaves
was measured using a modified method from Ba et al. (2009), and
the results were compared to the antioxidant activity of Trolox.
The antioxidant capacity of the extract of O. europaea leaves is
expressed as Trolox Equivalent/g of dry weight (DW) of the extract.

2.2.2. LC-MS analysis

HPLC analysis was performed using a reversed-phase column
(Pursuit XRs ULTRA 2.8, C18, 100 x 2 mm, Agilent Technologies,
UK). The injection volume for each sample was 20 pL, and the col-
umn temperature was maintained at 30 °C. The mobile phases con-
sisted of 0.1% formic acid in water (A) and 0.1% formic acid in
MeOH (B). Separation was achieved using a gradient program at
a flow rate of 1 mL/min, with an initial composition of 100% solvent
A, followed by a gradient to 100% solvent B over 20 min, held at
100% solvent B for 5 min, and finally returned to 100% solvent A
for 25 min. The drying gas flow rate was set to 1 mL/min at
320 °C. MS analysis was performed in the positive ion mode, with
a mass range of m/z 100-2000. High-resolution mass spectral data
was obtained using a Thermo Instruments ESI-MS system (LTQ XL/
LTQ Orbitrap Discovery, UK) connected to a Thermo Instruments
HPLC system (Accela PDA detector, Accela PDA autosampler, and
Accela Pump).
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2.3. Exposure protocols

To assess the potential synergistic effect of noise and toluene, a
total of eight groups were used in this study. Two groups (Group N
and Group N + OLE) were exposed to noise, while two other groups
(Group T and Group T + OLE) were exposed to toluene. Two addi-
tional groups were co-exposed to both noise and toluene (Group
NT and Group NT + OLE). Control groups (Group C and Group
C + OLE) were kept in cages that were free from exposure to either
noise or toluene.

2.3.1. Toluene exposure

Two groups, Group T and Group T + OLE, were exposed to
toluene for 6 h per day, 5 days per week, for a total of 6 weeks.
The rats were exposed daily from 8:00 am to 2:00 pm in two iden-
tical inhalation chambers made of plexiglass. The chambers were
designed to contain six rats at a time and were comprised of a gen-
eration system, an exposure system, and a monitoring system, fol-
lowing the guidelines proposed by Hinners et al. (1968).

To generate and maintain a toluene concentration of
300 + 10 ppm for the 6-hour exposure period, liquid toluene (Loba
Chemie Pvt Ltd) was injected into a mixing vessel using an isocratic
pump, and the resulting mixture was then introduced into the
exposure chamber. Toluene concentrations were monitored and
analyzed by gas chromatography. The exposure chamber was
equipped with an inlet fan to circulate the air and an outlet cen-
trifugal fan to adjust the airflow. Circular openings were also cre-
ated in the chamber to enable researchers to monitor and sample
the toluene levels. The temperature in the chamber was main-
tained at 23 £+ 1 °C and monitored using a digital thermometer.

2.3.2. Noise exposure

Two groups, Group N and Group N + OLE, were exposed to noise
for 6 weeks. The acoustic exposure was achieved using Audacity
2.3.2 audio software, which generated an octave-band noise (8-
16 kHz) at a level of 85 dB(A) through a sound speaker placed
equidistant from all rats to ensure uniform noise intensity. The
noise level was measured using a Class 1 accuracy Type 2238 Bruel
and Kjaer integration sound level meter. The rats were exposed to
the noise for 6 h per day, 5 days per week, automatically repeating
after selecting the start and end times for each daily exposure per-
iod. Exposure occurred from 8:00 am to 2:00 pm each day, follow-
ing the protocol established by Gannouni et al. (2013).

2.3.3. Toluene and noise co-exposure

To investigate the potential interaction between noise and
toluene exposure, two groups, Group NT and Group NT + OLE, were
co-exposed to both stressors for 6 weeks, 6 h per day and 5 days
per week. The inhalation chambers used for this experiment were
similar to those used for single exposure experiments with simul-
taneous generation of the stressors. A schematic of the experimen-
tal setup is presented in Fig. 1.

2.3.4. Sampling and analysis of toluene

To ensure accurate measurement of toluene concentration in
the exposure chamber, pilot tests were conducted by generating
the targeted concentration of 300 ppm. The active sampling
method, consistent with Method 1501 developed by the U.S.
National Institute for Occupational Safety and Health (NIOSH
2003), was employed using a personal sampling air pump (Casella
CEL, Apex 182180B-K5) with activated charcoal as the adsorbent to
sample the vapor. After extraction of samples from each section of
the sampler’s tubes using 1 mL of CS2, the mixture was shaken for
30 s to ensure maximum desorption. Finally, the samples were
analyzed using gas chromatography-mass spectrometry (Agilent
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Technologies 6890 N Network GC System) to determine the
toluene concentration.

2.4. Animals and treatments

Prior to the start of the experiments, male Wistar rats weighing
between 250 and 300 g were housed in an animal facility for one
week to allow for acclimation. To minimize stress, the animals
were housed in pairs and provided with a commercial pellet diet
(Industrial Society of Food, Sfax, Tunisia) and water ad libitum.
The rats were maintained under controlled environmental condi-
tions, with a 12-hour light/dark cycle and room temperature of
23 +1 °C. All experimental procedures were approved by the Ethics
Committee of the National School of Veterinary Medicine of Sidi
Thabet (Ref: 162020/FMT) and were conducted in accordance with
the International Council for Laboratory Animal Science (ICLAS)
guidelines.

2.4.1. Experimental design
Forty-eight male Wistar rats were divided randomly into eight
groups:

Group C: Control rats, housed in normal conditions

Group C + OLE: Control rats treated only with Olea europaea L.
leaf extract at 40 mg/kg/day for six weeks,

Group N: Rats exposed to noise

Group N + OLE: Rats exposed to noise and Olea europaea L. leaf
extract at 40 mg/kg/day for six weeks

Group T: Rats exposed to toluene

Group T + OLE: Rats exposed to toluene and Olea europaea L.
leaf extract at 40 mg/kg/day for six weeks

Group NT: Rats co-exposed to noise and toluene

Group NT + OLE: Rats co-exposed to noise and toluene and Olea
europaea L. leaf extract at 40 mg/kg/day dose for six weeks.

The daily oral gavage administration of OLE extract was based
on a preliminary study conducted by Bahri et al. (2020) at the
Experimental Medicine Unit of the Faculty of Medicine in Tunis,
where the dosage of 40 mg/kg/day was determined.

2.4.2. Sample collection

At the end of the experiment, rats were anesthetized via peri-
toneal injection of ketamine hydrochloride (50 mg/kg) and eutha-
nized via decapitation. Blood was collected in EDTA-tubes for
complete blood counts, and in heparinized tubes, centrifuged at
3,000 g for 10 min at 4 °C, and stored. The heart tissues were
rapidly removed, washed with 0.1 M phosphate buffer saline (pH
6.8), and divided into two fragments. One fragment was fixed in
10% neutral formalin for subsequent histological analysis, while
the other was stored at —80 °C for biochemical analysis.

2.4.2.1. Hematological parameters. Complete blood counts (red and
white blood cells and platelets) were performed using I-sens auto-
mate (i-smart 30 pro electrolyte analyzer, UK).

2.4.2.2. Biochemical assays in plasma. Biochemical parameters,
including cholesterol, triglycerides, lactate dehydrogenase, and
creatine kinase, were measured in plasma using a COBAS INTEGRA
400 plus automated system (Switzerland) according to standard-
ized methods.

2.4.3. Oxidative stress evaluation

Heart tissue samples (200 mg) were homogenized in PBS buffer
(pH 7.2) using an ULTRA-TURRAX® IKA-WERK homogenizer (Ger-
many). The homogenate was then centrifuged at 10,000 rpm for
20 min at 4 °C, and the resulting supernatant was collected, ali-
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Fig. 1. Schematic representation of the chamber used for exposure of rats to noise and toluene. The exposure chamber made of plexiglass with an internal volume of
0.43 m>. Six animals could be placed at the same time in this chamber daily for 6 h of exposure from 8: 00 am to 2:00 pm.

quoted, and stored at —80 °C for subsequent analysis of oxidative
stress markers, including malondialdehyde (MDA), catalase (CAT),
and superoxide dismutase (SOD).

2.4.3.1. Evaluation of lipid peroxidation. Lipid peroxidation was
determined according to the method of Buege and Aust (1978).
Samples were mixed with BHT-TCA solution (1%-20%, v/v) and
centrifuged at 1,000 rpm for 10 min. The supernatant was mixed
with TBA-Tris solution (120 mM- 26 mM, v/v) in an acidic environ-
ment (0.6 M HCI). The mixture was heated at 100 °C for 15 min
then cooled at room temperature. The absorbance was measured
at 532 nm using UV-vis spectrophotometer (Labomed, UV-2650,
Inc, USA) and expressed in nmol of MDA/mg of protein.

2.4.3.2. Evaluation of catalase activity. Catalase (CAT) activity evalu-
ation is based on the ability of the enzyme to degrade hydrogen
peroxide (Aebi 1984). H,0, degradation (30 mM) by CAT results
in a decrease in the absorption of reaction mixture at 240 nm
against a blank containing 50 mM phosphate buffer (pH = 7) and
enzyme extract. The absorbance was recorded at regular time
intervals (30 s) for 2 min and expressed as pmoles/min/mg of
protein.

2.4.3.3. Evaluation of superoxide dismutase (SOD) activity. Superox-
ide dismutase (SOD) activity was evaluated as described by Beyer
and Fridovich (1987) using epinephrine (50 mM carbonate buffer,
pH 10.2) and bovine catalase (0.4 U/mL). This method is based on
the inhibition of the auto-oxidation of epinephrine to adreno-
chrome in the presence of SOD. Absorbance was measured at
480 nm every minute for 5 min and was expressed in Ul/min/mg
of protein.

2.4.3.4. Evaluation of protein concentration. Protein content in
supernatants was determined according to Bradford (1976) using
bovine serum albumin as standard. Absorbance was recorded at
595 nm. The content was expressed as mg /mL.

2.4.4. Histological study

For the histological study, rat’s hearts were perfused and
immersed in the fixative solution (10 % neutral-buffered formalin)
for 48 h, dehydrated through graded series of ethanol, embedded
in paraffin, and then sectioned with a microtome (Leica Biosystems
RM2245, USA) to obtain 4-5 pm-thick paraffin sections. Dewaxed
sections were then stained with hematoxylin and eosin (H&E).

2.4.5. Statistical analyses

Results were expressed as means + SD. Statistical analyses were
performed using the Biostat software for Windows. Significant dif-
ferences between all groups (n = 6) were determined using the
Kruskal-Wallis test followed by the U-Mann-Whitney test for mul-
tiple comparisons with statistical significance p < 0.05.

3. Results
3.1. Phytochemical characteristic of Olea europaea L. Leaf extract

Total polyphenols quantification was estimated by Folin-
Ciocalteu test based on the colorimetric intensity of the extract
obtained. Results showed in Table 1 indicate that OLE contain high
amounts of total polyphenols (8524.44 mg GAE | 100 g), and high
levels of flavonoids (7128.88 mg QU / 100 g). Additionally, the
DPPH assay revealed a strong antioxidant activity of the OLE, with
a Trolox equivalent of 9713.330 puM.

3.2. Identification of active biomolecules

HPLC analysis of phenolic compounds in O. europaea leaf extract
(Table 2) allowed the identification of seven compounds: Hydrox-
ytyrosol glucoside, Hydroxytyrosol, Secologanoside, Oleuropein
aglycon, Hydroxytyrosol acetate, Luteolin-7-0-B-D-
glucopyranoside and Oleuropein.

3.3. Identification of toluene by HPLC

The chromatogram of the analysis of the air sample, collected
by charcoal adsorption from the exposure chamber is shown in
Fig. 2, presents the retention time of toluene at 4.859 min.

Table 1
The content of total polyphenols (TPC) and flavonoids (TFC) in olive leaf.

TPC (mg gallic acid equivalent / 100 g Olea europaea L. leaf 8524,44
powder)

TFC (mg quercetin equivalent / 100 g Olea europaea L. leaf 7128,88
powder)

DPPH (Trolox equivalent uM) 9713,330

TPC is expressed in mg of gallic acid equivalent (mg GA/100 g leaf) and the content
of total flavonoids TFC in g of quercetin equivalent (mg QU / 100 g leaf) and DPPH
antioxidant activity (Trolox equivalent pM).
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Table 2
Determination of Olea europaea L. leaf extracts bioactive compounds using liquid
chromatography-mass spectrometry (LC-MS).

Ne Retention time Molecular Compound

Pic (min) formula

1 121 C14H200s Hydroxytyrosol glucoside

2 133 CgH;003 Hydroxytyrosol

3 20.1 Cy6H22014 Secologanoside

4 23.6 C17H2006 Oleuropein aglycone

5 33.1 C1oH 1204 Hydroxytyrosol acetate

6 42.8 C21H20014 Luteolin-7-0-b-D-
glucopyranoside

7 443 Cy5H3,043 Oleuropein

3.4. Evaluation of hematological parameters

Table 3 presents significant findings related to hematological
parameters in rats exposed to toluene (T), noise and toluene co-
exposure (NT), and control (C) groups. The results demonstrate a
notable decrease in the red blood cell count in the T and NT groups
compared to the C group (6.63 + 0.62 (x106 pL) vs 8.42 + 0.36
(x106 pL), p < 0.05 and 6.56 + 0.80 (x106 pL) vs 8.42 + 0.36
(x106 puL), p < 0.05; respectively). Additionally, there was a signif-
icant increase in white blood cells in the three exposure groups (N,
T, and NT) compared to the C group (11.86 = 1.14 (x103 pL) vs
8.20 + 0.89 (x103 pL), p < 0.05 12.16 = 1.41 (x103 pL) vs
8.20 + 0.89 (x103 pL), p < 0.05 and 13.65 + 2.38 (x103 pL) vs
8.20 £ 0.89 (x103 pL), p < 0.05; respectively). Notably, there was
a significant increase in blood platelets in rats exposed to N, T, or
NT compared to the C group (1217.33 + 83.82 (x103 pL) vs 871.
50 + 53.37 (x103 pL), p < 0.05; 12.16 + 1.41 871.50 * 53.37
(x103 pL), p < 0.05 and 13.65 + 2.38 871.50 + 53.37 (x103 pL),
p < 0.05; respectively). Interestingly, the administration of Olea
Europaea L. leaf extract did not result in any significant changes
in the hematological parameters as compared to the C group.
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Table 3
Complete blood counts.

Red Blood Cells White Blood Cells Blood platelets

(x10° pL) (x10° pL) (x10% pL)
C 8.42 +0.36 8.20 + 0.89 871.50 + 53.37
N 8.41 + 0.70 11.86+£1.14 1217.33 £ 83.82 *
T 6.63 £ 0.62 * 12.16 £ 1.41 * 987 + 33.66 *
NT 6.56 + 0.80 * 13.65 +2.38 * 1407.17 £ 155.25 *
C + OLE 8.60 + 0.56 7.91 + 0.66 866.833 + 32.19
N + OLE 9.43 +0.78 ¥ 9.58 + 0.77¥ 899.5 + 57.93¥
T + OLE 7.77 £ 047§ 9.75 + 1.03$ 889 + 60.25
NT+OLE  8.15+0.68€ 9.63 + 1.01€ 913.83 £ 43.71€

The results are expressed as means + SD of six animals. The different pairs of groups
are compared using the Mann-Whitney U test.

*p < 0.05 vs control group, € p < 0.05 vs NT group, ¥ p < 0.05 vs N group, $ p < 0.05 vs
T group.

3.5. Evaluation of noise and/or toluene effects on biochemical
parameters

The Table 4 presents the plasma concentrations of cholesterol,
triglycerides (TG), LDH, and creatine kinase (CK). In the control
group, the mean total cholesterol level was 1.20 + 0.08 mol/L,
which showed a significant increase in the N and NT groups
(1.31 £ 0.07 vs 1.20 £ 0.08 mol/L, p < 0.05, and 1.45 + 0.05 vs 1.2
0 £ 0.08 mol/L, p < 0.05, respectively). Likewise, the average level
of triglycerides in the control group was 0.9 + 0.08 mol/L, which
significantly increased in the N and NT groups (1.3 £ 0.07 vs 0.9 +
0.08 mmol/L, p < 0.05; 1.4 £ 0.05 vs 0.9 + 0.08 mmol/L, p < 0.05,
respectively). The use of Olea Europaea L. leaf extract (OLE) during
the exposure period maintained stable levels of both cholesterol
and triglycerides. Furthermore, our findings revealed a significant
increase in plasma LDH concentration in the T and NT groups com-
pared to the control group (583 + 54.01 vs 344.33 + 50.53 (U/L),
p < 0.05; 604.5 + 112.65 vs 344.33 £ 50.53 (U/L), p < 0.05, respec-
tively). Additionally, exposure to noise resulted in a significant
increase in total CK concentration, from 368.5 + 27.31 (U/L) in

PA 1
354

345
33{
32—:
2

30; I

4.859

1 2 3

s 5 6 T min

Fig. 2. GC-FID chromatogram of the air sample collected by charcoal adsorption from the exposure chamber showing retention time of toluene. 4.859: Toluene

retention time (min).
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Table 4
Plasma biochemical parameters of the different groups.
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Cholesterol (mmol/L) Triglyceride Lactate dehydrogenase(U/L) Creatine kinase (U/L)
(mmol/L)
C 1.20 £ 0.08 0.9 + 0.08 344.33 + 50.53 368.5 + 27.31
N 131 +£0.07 * 1.3+007* 365 £ 21.93 1489.5 + 139.21*
T 1.15+£0.08 € 1.045 + 0.08 583 +54.01 * 1430 + 169.68 *
NT 1.45+0.05 * 14 +£0.05* 604.5 + 112.65 * 1857.83 + 14239 *
C + OLE 1.08 + 0.04 ¥€ 0.9 +0.04 ¥€ 306.66 + 28.30 336.16 + 33.13
N + OLE 1.1 £ 0.08 ¥€ 1.05 £ 0.08 ¥€ 309.5 + 11.50 ¥ 562.83 + 105.078 *¥
T + OLE 1.03 £ 0.08 ¥€ 0.96 + 0.08 ¥€ 345 +2645 % 549 +45.36 * $
NT + OLE 1.22 £0.07 € 0.97 + 0.07 ¥€ 362.33 £22.69 € 52833 £124.52* €

The results were expressed as mean + SD of six animals. The different pairs of groups were compared using the Mann-Whitney U test.
* p < 0.05 vs control group, € p < 0.05 vs NT group, ¥ p < 0.05 vs N group, $p < 0.05 vs T group.

the control group to 1489.5 + 139.21 (p < 0.05) in animals exposed
to a noise level of 85 dB(A). Co-exposure to noise and toluene had
an additive effect on the increase in total CK, which reached 1857.
83 + 142.39 (p < 0.05). Treatment with OLE during the exposure
period prevented the increase in LDH and CK levels compared to
the control group. However, the concentration of CK decreased
but remained higher than that of the control group.

3.6. Oxidative stress parameters

Figure Fig. 3 depicts the results for malondialdehyde (MDA)
concentrations and catalase (CAT) and superoxide dismutase
(SOD) activities in cardiac tissues.

Exposure to 85 dB(A) noise and 300 ppm toluene inhalation
resulted in a significant increase in MDA levels (P < 0.05) com-
pared to the control group (0.399 + 0.061 vs. 0.125 + 0.014n mol/
mg protein and 0.324 + 0.059 vs. 0.125 + 0.014n mol/mg protein,
respectively). Co-exposure to noise and toluene further elevated
MDA levels (P < 0.01) compared to the control group (0.578 * 0.
10 vs. 0.125 + 0.014n mol/mg protein). However, treatment with
Olea europaea L. leaf extract did not significantly alter MDA levels
relative to the control group, suggesting the potential for the
extract to protect against oxidative stress induced by noise and
toluene exposure (Fig. 3A).

Exposure to noise led to a significant increase in CAT activity
compared to the control group (0.077 + 0.006 vs. 0.053 + 0.035 pn
mol/min/g protein, P < 0.05). Conversely, exposure to toluene
alone and co-exposure to noise and toluene resulted in a highly
significant reduction in CAT activity (0.035 + 0.004 vs. 0.053 + 0.
035 pwmol/min/g protein, P = 0.01 and 0.0255 + 0.004 vs. 0.053 £ 0.
035 pmol/min/g protein, P = 0.01, respectively). Notably, in the
N + OLE, T + OLE, and NT + OLE groups, CAT activity was signifi-
cantly restored compared to the control group (0.060 + 0.002 vs.
0.053 = 0.035 pmol/min/g protein, P = 0.02; 0.051 £ 0.01 vs. 0.05
3 1+ 0.035 pmol/min/g protein; and 0.046 + 0.005 vs. 0.053 + 0.03
5 pmol/min/g protein, P = 0.002, respectively), indicating the
potential protective effect of Olea europaea L. leaf extract against
oxidative stress induced by noise and toluene exposure (Fig. 3B).

Exposure to noise and toluene, either alone or in combination,
induced a significant increase in SOD activity compared to the con-
trol group (p < 0.01). Specifically, the SOD activity levels were 23.
672 + 5.86 USOD/min/mg prot in rats exposed to noise, 25.758 + 3.
98 USOD/min/mg prot in rats exposed to toluene, and 25.121 + 6.
51 USOD/min/mg prot in rats exposed to both noise and toluene,
relative to the control rats (9.366 *+ 2.03 USOD/min/mg prot).

Remarkably, a significant recovery of SOD activity was observed
in rats administered Olea europaea L. leaf extract when compared
to rats exposed to physicochemical stressors, resulting in a signif-
icant decrease in SOD activity (p < 0.01) (Fig. 3C).

3.7. Heart histological analysis

A histological analysis revealed normal myocardial histology in
the control group (Fig. 4a, A). However, architectural alterations in
cardiac tissue were observed in rats exposed to 85 dB(A) noise and
300 ppm toluene (Fig. 4f, F).

In the group exposed to noise, numerous arteries were
obstructed by blood clots (Fig. 4b, B). Conversely, no changes in
cardiac tissue were observed in the group exposed to noise and
OLE treatment, with no identifiable clots in arteries (Fig. 4c, C).

In rats exposed to toluene, an abundance of inflammatory cells
was observed, although arteries and veins remained intact (Fig. 4d,
D). However, no changes were recorded in heart histology of the
group exposed to toluene and OLE compared to the control group
(Fig. 4e, E).

The co-exposure group of rats to noise and toluene showed the
most severe tissue damage with the presence of scattered inflam-
matory cells, dilated veins, and obstructed arteries by blood clots
(Fig. 4f, F). Treatment with OLE in the NT + OLE group exhibited
no significant difference in heart histology compared to the sham
group.

4. Discussion

Toluene is a volatile solvent widely used in the industrial sector
worldwide, and it is also one of the most commonly abused inha-
lants (ATSDR, 2000). Occupational diseases are a prevalent issue
among industrial employees exposed to chemical and/or physical
hazards, such as noise. Furthermore, workers are often exposed
to multiple risk factors simultaneously in the workplace. The inter-
action of physical agents and chemical substances, even at low
doses, can have additive or synergistic effects on health. The aim
of this study was to comprehensively evaluate the potential car-
diotoxic effects of exposure to toluene and/or noise on rat hemato-
logical and biochemical parameters, and to investigate the
potential protective effect of O. europaea leaf extract against such
effects.

The findings of this study reveal that OLE contains high levels of
polyphenols and flavonoids and exhibits strong antioxidant activ-
ity as determined by the DPPH assay. Polyphenols are well-
known for their biological activity and have been demonstrated
to possess various health benefits, including anti-inflammatory,
anti-cancer, and anti-oxidant properties (Rudrapal et al. 2022, Bié
et al. 2023). Flavonoids, a subclass of polyphenols, are highly abun-
dant in olive leaves and have been found to exert a range of biolog-
ical effects, such as anti-inflammatory, anti-microbial, and anti-
cancer activity. Therefore, the high levels of polyphenols and flavo-
noids observed in OLE may contribute to its potential health ben-
efits (Bucciantini et al. 2021, Chagas et al. 2022).

The DPPH assay is a widely used method to evaluate the antiox-
idant activity of natural compounds, and the strong antioxidant
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Fig. 3. Effect of exposure to noise (85 dB (A)) and/or toluene (300 ppm) and protection effect of Olive leaf extracts (40 mg/kg bw) on rat heart oxidative parameters.
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NT+OLE

Fig. 4. Microscopic observation (<100 on the left, <400 on the right) in the heart tissue (H&E) of control (A-a) and exposed rat to noise (85 dB(A)) and/or toluene
(300 ppm) and protected with olive leaf extracts (40 mg/kg bw). (- ) blocked arteries. (x ) unblocked arteries. (IC) inflammatory cells.

activity of OLE observed in this study suggests that OLE may have suggest that OLE may serve as a promising source of natural
the potential to scavenge free radicals and protect against oxida- antioxidants with potential health benefits, especially in the con-
tive stress-related diseases. As a result, the findings of this study text of oxidative stress-related diseases.
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The antioxidant capacity of olive leaves is primarily ascribed to
the existence of phenolic compounds (Goulas et al. 2010, Xie et al,
2015, Rahmanian et al. 2015). The evaluation of individual pheno-
lic compounds has linked their antioxidant effects to specific func-
tional groups, quantities, and hydroxyl positions within their
structures, which contribute to their redox properties (Goulas
et al. 2010). Moreover, research findings suggest that phenolic
compounds exhibit a synergistic effect on antioxidant capacity
when present together, such as in OLE, which is greater than the
sum of their individual effects (Xie et al, 2015, Lee & Lee 2010).

To fully understand the potential implications of our phyto-
chemical results, it is imperative to evaluate the oxidative status.

Our findings demonstrate a significant increase in lipid peroxi-
dation in rats exposed to noise, which can be attributed to the aug-
mented production of reactive oxygen species (ROS) such as
superoxide, hydrogen peroxide, and hydroxyl radicals caused by
the noise exposure. (Ben Hsouna et al., 2022; Hahad et al., 2019).
Notably, our study also reveals a noteworthy rise in catalase and
SOD activities in rats exposed to an 85 dB(A) sound level, which
aligns with earlier investigations by Samson et al. (2007) and
Gannouni et al. (2013).

Moreover, our investigation demonstrated a noteworthy surge
in lipid peroxidation levels in rats that were exposed to toluene
and exposed to both toluene and noise. These results are consistent
with previous studies conducted by EI-Nabi Kamel and Shehata
(2008), indicating the presence of oxidative stress. Lipid peroxida-
tion is a commonly used biomarker to assess oxidative stress in
humans after exposure to harmful substances (Baydas, 2005).
Toluene is known to stimulate the generation of reactive oxygen
species during its metabolic process (Murata et al., 1999), which
may account for the observed increase in lipid peroxidation. Like-
wise, a human study reported heightened levels of malondialde-
hyde, a lipid peroxidation byproduct, in the serum of individuals
who were exposed to paint thinner (Halifeoglu et al., 2000).

Our study revealed that exposure to toluene or co-exposure to
noise and toluene resulted in a significant decrease in catalase
activity and an increase in superoxide dismutase (SOD) activity
in rat hearts. This may be due to the excess production of superox-
ide anions, which can stimulate SOD activity leading to an accumu-
lation of H202 that may exceed catalase’s ability to detoxify it. In
addition, catalase plays a crucial role in H202 detoxification by
converting it into water and oxygen. Therefore, the interaction
between SOD and catalase is essential to maintain cellular redox
balance. When H202 levels exceed catalase’s antioxidant capacity,
it could result in a reduction of its activity.

These findings are consistent with previous studies that
reported an increase in SOD activity and a decrease in catalase
activity in rats exposed to toluene (Mehri et al., 2015). Volatile
organic compounds have been identified to induce oxidative stress
as a key mechanism of toxicity, primarily through the production
of reactive oxygen species (ROS), which can disrupt the balance
between ROS formation and the antioxidant defense system.
Toluene exposure has been found to elevate the levels of malondi-
aldehyde (MDA) in blood and tissues, while also reducing the activ-
ities of antioxidant enzymes (Coskun et al., 2005). Montes et al.
(2019) similarly reported that sub-chronic toluene exposure in rats
led to increased ROS production and altered antioxidant levels in
the hippocampus and prefrontal cortex. These findings suggest
that modulating antioxidant defenses could be a potential strategy
for mitigating the adverse effects of toxicity caused by volatile
organic compounds.

Interestingly, our results suggest that exposure to noise may
exacerbate these effects, as we observed a greater decrease in cata-
lase activity in rats co-exposed to toluene and noise compared to
those exposed to toluene alone. These findings highlight the
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importance of considering the combined effects of multiple envi-
ronmental stressors on oxidative stress markers.

In contrast, according to our findings, treatment with O. euro-
paea leaf extract (N + OLE, T + OLE, NT + OLE) did not result in sig-
nificant differences in antioxidant enzyme levels and lipid
peroxidation in rat heart tissue compared to the control group.
However, we did find a decrease in lipid peroxidation and an
improvement in enzymatic antioxidant activities in rats treated
with the extract. These effects may be attributed to the presence
of oleuropein and hydroxytyrosol, which act as potent antioxidants
by scavenging reactive oxygen species (ROS) and trapping free rad-
icals to prevent cell damage.

The beneficial effects of Olea europea L. leaf extract are closely
related to the abundance of bioactive compounds present in the
extract. Previous research has demonstrated the antioxidant activ-
ity of O. europaea in rats, which is consistent with our findings
(Turkez et al., 2012; Olmez et al., 2015; Elgebaly et al., 2018). These
results suggest that O. europaea leaf extract may be a promising
natural antioxidant therapy for oxidative stress-related diseases.

A noteworthy point is that oxidative stress has been suggested
to contribute to the adverse health effects of noise exposure,
including the promotion of blood coagulation and thrombus for-
mation (Miller et al., 2012).

Significantly increased platelet counts were observed in rats
exposed to noise (N) and co-exposed to noise and toluene (NT),
while no significant changes were found in rats treated with O.
europaea leaf extract. The increase in platelet count due to noise
exposure resulted in the formation of platelet aggregates, which
in turn led to obstruction of blood vessels in the heart, as observed
in histological examination. Toukh et al. (2014) reported a correla-
tion between hypercoagulability and elevated levels of cortisol and
corticosterone in plasma due to exposure to construction noise.
Noise-induced stress causes an increase in blood catecholamines,
which subsequently stimulates thrombus formation and raises
the risk of myocardial infarction (Haft & Fani 1973).

0. europaea leaf extract, which is rich in oleuropein and other
phenolic compounds, has been shown to have a significant impact
on maintaining platelet count. Numerous in vivo and in vitro stud-
ies have suggested that the phenolic compounds present in O.
europaea leaf and oil extract may have anti-platelet effects, poten-
tially protecting against platelet aggregation and its complications
(De Roos et al., 2011; Rubio-sent et al., 2015; Tsantila et al., 2007;
Turner et al., 2005).

In addition, exposure to noise (N), toluene (T), and co-exposure
to noise and toluene (NT) resulted in an increase in the number of
white blood cells and a decrease in red blood cell count, which was
normalized in the groups of rats treated with O. europaea.

CK is an enzyme predominantly located in muscles and plays a
crucial role in energy storage through creatine phosphorylation.
Conversely, LDH is primarily present in plasma and is an indicator
of cellular energy imbalance, leading to LDH accumulation and
consequent cell death (Grub et al., 2000). In our study, we observed
a significant rise in CK and LDH activities in the group of rats
exposed to toluene, noise, and their combination. These findings
suggest the possibility of cardiomyopathy in these rats, as
increased CK and LDH activities are commonly associated with car-
diac damage.

Moreover, we noted a significant increase in the levels of
triglycerides and cholesterol in the groups of rats exposed to
toluene, noise, and their combination. These results suggest that
both isolated and combined exposure to toluene and noise can lead
to disruptions in lipid metabolism and hypercholesterolemia.
These lipid disturbances may contribute to the development of
atherosclerosis, a condition characterized by the accumulation of
lipids in the arterial walls, leading to vascular obstruction and an



T. Ben Attia, R. Ben Ali, A. Nahdi et al.

increased risk of cardiovascular diseases. The observed lipid distur-
bances in our study, combined with the CK and LDH elevation,
highlight the potential for cardiovascular complications in rats
exposed to toluene and noise.

However, treatment with Olea europaea L. leaf extract did not
induce any significant changes in the aforementioned biochemical
parameters. This finding suggests that Olea europaea L. extract
may have a protective effect against the negative impacts of expo-
sure to noise and toluene on the heart tissue. This is in line with
previous studies that have reported the beneficial effects of Olea
europaea L. extract on obesity and vascular dysfunction. For
instance, Vezza et al. (2019) found that Olea europaea L. extract
improved plasma and tissue metabolic profiles, as well as vascular
function, in mice fed a high-fat diet. The extract’s antioxidant and
anti-platelet aggregation properties were found to reduce oxida-
tive stress and improve endothelial function in the vascular wall.
Thus, our results suggest that Olea europaea L. extract may have
potential as a protective agent against the negative effects of envi-
ronmental pollutants on cardiovascular health.

The histological examination of the myocardium provided valu-
able insights and a detailed investigation of the results obtained in
our study. We observed structural and functional alterations in the
rat myocardium due to noise exposure. In our study, noise expo-
sure induced artery obstruction and blood clots in the myocardium
of rats, which was absent in animals protected with O. europaea
leaf extract. Additionally, rats exposed to 300 ppm toluene showed
numerous inflammatory cells, which were corrected after treat-
ment with O. europaea leaf extract. However, the myocardium of
rats co-exposed to noise and toluene presented blocked arteries,
blood clots, and numerous inflammatory cells. Interestingly, we
observed no histological modifications in the group of rats receiv-
ing O. europaea extract compared to the sham group.

Previous research has also reported the beneficial effects of this
extract on cardiovascular function, both in endothelial cells cul-
tured in vitro (Burja et al., 2019) and in an experimental model
of hypertension (Romero et al., 2016). These observations were
consistent with the results of our hematological and antioxidant
analyses.

Several studies have investigated the correlation between noise
exposure, blood pressure, and myocardial damage, and our find-
ings are consistent with those of previous research. Miinzel et al.
(2018) established a link between environmental noise exposure
and adverse cardiovascular effects, and a longitudinal study by
Eriksson et al. (2018) found that occupational noise exposure
increases the risk of coronary artery disease. Gan et al. (2016) con-
firmed that intense occupational noise exposure is associated with
the presence of coronary heart disease, and Banerjee et al. (2014)
reported an association between mean noise levels exceeding
65 dB(A) and the occurrence of coronary heart disease.

5. Conclusion

To summarize, the study suggests that toluene and noise expo-
sure can have cardiotoxic effects, as shown by changes in hemato-
logical and oxidative stress parameters and myocardial
histopathology. The Olea Europaea L. (OLE) leaf extract demon-
strated protective effects against these effects, indicating its poten-
tial as a safe and natural therapeutic option to counteract the
adverse impact of environmental toxicants on cardiovascular
health.
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