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Abstract

Liver fibrosis, which still does not have a standard treatment due to its complex
pathogenesis, is an important cause of mortality and morbidity. In this study, it was
aimed to examine the possible protective and antifibrotic effects of tyrosol on the
liver through histopathologic, immunohistochemical, biochemical, and molecular
methods in rats with chronic liver damage induced by thioacetamide (TAA). The
study was carried out in four groups with eight rats in each group. Created groups
are, respectively, control, TAA, tyrosol and TAA +tyrosol. Chronic liver damage was
induced in the TAA and TAA +tyrosol groups by the addition of TAA (200 mg/L)
to drinking water. Tyrosol (20 mg/kg/b.w./daily) was administered by oral gavage to
tyrosol and TAA +tyrosol groups for 10 weeks. The results of this study demon-
strate that the consumption of tyrosol alleviated the histopathologic changes such
as inflammation, degeneration, and especially fibrosis induced by TAA in the liver.
In addition, administration of tyrosol significantly attenuated alpha-smooth muscle
actin (a-SMA) expression and apoptosis expression. Biochemically, it was determined
that tyrosol increased glutathione (GSH) level, glutathione peroxidase (GSH.Px), and
catalase (CAT) activities and showed antioxidant efficacy by reducing malondialde-
hyde (MDA\) level. Moreover, it reduced inflammation and fibrosis by decreasing gene
expression levels of tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
transforming growth factor-beta (TGF-B1). Western blot analysis also revealed similar
results in TGF-B1 expression. As a result, tyrosol suppressed fibrogenesis thanks to
its antioxidant, anti-inflammatory, and anti-apoptotic effects and showed an antifi-

brotic effect in the liver.

Practical applications

It is stated that tyrosol, a natural phenolic antioxidant found in olive oil, has neu-
roprotective, cardioprotective, anti-inflammatory, and anticancer properties. In this
study, tyrosol suppressed fibrogenesis thanks to its antioxidant, anti-inflammatory,
and anti-apoptotic effects and showed an antifibrotic effect in the liver. Olive oil
has an important place in the Mediterranean diet, which reduces the incidence of
chronic diseases. It is thought that the anti-fibrotic effect of tyrosol plays a role in this
feature. As a result, it is thought that tyrosol can be used to prevent or slow down
chronic liver diseases.
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1 | INTRODUCTION

Liver fibrosis, consequently resulting in cirrhosis, is a common pathologic
consequence of liver damage, causing disability, and mortality due to
liver failure (Miao et al., 2020; Sharawy et al., 2021). The liver can regen-
erate itself, regain its normal structure, and continue its function even in
case of very severe or extensive damage. However, in recurrent chronic
damages, it responds with liver fibrosis characterized by excessive extra-
cellular matrix deposition. In this response, parenchymal cells undergo
necrosis and apoptosis and the extracellular matrix (ECM) replaces
these cells (Albanis & Friedman, 2006; Miao et al., 2020; Trautwein
et al.; 2015). Hepatic stellate cells (HSCs) produce the majority of ECM
including collagen (Albanis & Friedman, 2006; Bruck et al., 2004; Yi
et al., 2015). The inflammation induced by oxidative stress plays a key
role in HSC activation; HSC activation plays a pivotal role in liver fibro-
genesis (Algandaby, 2018; Greenwel et al., 2000; Honda et al., 2002).

The hepatotoxin thioacetamide is an organosulfur compound with
the formula of C,H;NS widely used to induce chronic liver damage and/
or fibrosis comparable with fibrogenic changes observed in the human
liver (Abramovitch et al., 2011; Algandaby, 2018; Chen et al., 2012;
Muiller et al., 1988; Wallace et al., 2015). Although TAA itself is not hepa-
totoxic, its intermediates (i.e., thioacetamide-S-oxide and thioacetamide-
S,S-dioxide via the cytochrome P450) induce oxidative stress, apoptosis,
necrosis, fibrosis, cirrhosis, and hepatocellular carcinoma, depending on
the dose, application time, and animal species (Abramovitch et al., 2011;
Miuiller et al., 1988; Sharawy et al., 2021; Wallace et al., 2015).

The antifibrotic effects of many bioactive constituents such
as vitamin E, vitamin D, silymarin, and quercetin have been deter-
mined by in vivo and in vitro studies (Abramovitch et al., 2011; Afifi
et al,, 2016; Bae et al., 2018; Chen et al., 2012). The mechanisms of
action of these constituents are distinctive and are in many ways
such as affecting inflammation, oxidative stress, ECM production,
HSC proliferation, and apoptosis (Albanis & Friedman, 2006; Bae
et al., 2018). The fact that alleviating oxidative stress in the liver may
have an antifibrotic effect and that antioxidants such as vitamin E can
suppress fibrogenesis has been stated (Albanis & Friedman, 2006;
Houglum et al., 1997; Miao et al., 2020).

Several studies have been documented that tyrosol, a natural
phenolic antioxidant found in olive oil, has neuroprotective, car-
dioprotective, anti-inflammatory, and anticancer properties (Ahn
et al., 2008; Bu et al., 2007; Chandramohan et al., 2017; Chernyshov
et al., 2007; De Stefano et al., 2007; Panossian et al., 2008). In
the present study, the protective effect of tyrosol on the liver
and its antifibrotic effect were investigated from various aspects.
Inflammatory lesions and severity of fibrosis were examined with
histopathologic and immunohistochemical (a-SMA) methods. The
effect of tyrosol on apoptosis was analyzed through the TUNEL
(Terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling) method. Biochemically, oxidative stress parameters (GSH,
GSH. Px, CAT, and MDA) were compared. In addition, mRNA and
protein levels of pro-inflammatory cytokines, which are indicators
of fibrosis, were examined via qPCR (TNF-a, IL-6, and TGF-p1) and
western blot (TGF-$1) methods.

2 | MATERIALS AND METHODS
2.1 | Animals and experimental protocol

In this study, 32 Wistar Albino rats that are 2 months old, male,
and weighing 200-250 g were used. This study was done with
Hatay Mustafa Kemal University Animal Experiments Local Ethics
Committee's permission numbered 2020/01-07. Rats were kept
under constant environmental conditions (12 hr day/night cycles,
24 + 3°C), received the standard commercial rat food (pellet feed),
and had free access to tap water. The study was carried out in four
groups with eight rats in each group. The first group was the control
group and was given only 1 ml daily distilled water through oral gav-
age. The second group was the TAA group and 200 mg/L of TAA was
added to the drinking water of rats to induce chronic liver damage
(Abramovitch et al., 2011; Miiller et al., 1988; Wallace et al., 2015).
The third group was the tyrosol group, and tyrosol was dissolved in
1ml distilled water and administered to the rats at a dose of 20 mg/
kg/b.w. daily through oral gavage for 10 weeks (Chandramohan
et al., 2015). The fourth group is the TAA +tyrosol group in which
tyrosol was dissolved in distilled water at a dose of 20 mg/kg/b.w.
daily through oral gavage; TAA was mixed into the drinking water at
a dose of 200 mg/L for the rats for 10 weeks. TAA (Sigma-Aldrich,
USA, Cat no: BCCB7885) and tyrosol (Sigma-Aldrich, Cat no:
188,255) used in this study were obtained from Sigma-Aldrich. The
rats were sacrificed under intraperitoneal xylazine (10 mg/kg) and
ketamine (50 mg/kg) anesthesia at the end of the 10th week, and the
liver tissues were removed carefully and collected for histopatho-

logic, immunohistochemical, biochemical, and molecular tests.

2.2 | Histopathologic examination

Part of liver tissues fixed in 10% buffered formalin for 24 hr. The sam-
ples were washed under tap water, dehydrated in ascending grades
of ethanol (70, 80, 90, 96, and 100%), cleared in xylene, and embed-
ded in paraffin. Liver sections of 4 um thickness were prepared and
stained with hematoxylin and eosin (H&E) for morphologic changes,
Masson's trichrome for connective tissue and Sirius red for collagen
accumulation according to routine methods. After being examined
under a light microscope, microphotographs were taken. Scoring of
fibrosis and other histopathologic findings was made in pursuant to
the Knodell Histology Activity Index (HAI) (Brunt, 2000; Knodell
etal., 1981).

2.3 | Immunohistochemical examination

Avidin-biotin peroxidase complex (ABC) technique was performed
according to the manufacturer guidelines (SensiTek HRP, ScyTek
Laboratories, Logan, UT) to show the expression and localiza-
tion of a-SMA in tissues. Paraffin-embedded liver sections were
deparaffinized, hydrated, and incubated with 3% H,O, to block
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TABLE 1 Forward and reverse
sequences of studied genes Product
q & Genes Forward and reverse sequences length References
PPIA F: 5'-CAGACAAAGTTCCAAAGACAGCA-3' 117 Dos Santos et al. (2016)

R: 5'-CACCCTGGCACATGAATCCT-3'

TNF-a F: 5-GGCATGGATCTCAAAGACAACC-3' 130

Castro et al. (2015)

R: 5'-CAAATCGGCTGACGGTGTG-3'

IL6 F: 5-CTCTCCGCAAGAGACTTCCA-3’ 92

Designed by authors

R: 5'-TCTCCTCTCCGGACTTGTGAA-3'

TGF-p1

F: 5-TGACGTCACTGGAGTTGTCC-3' 141

Designed by authors

R: 5'-CCTCGACGTTTGGGACTGAT-3'

peroxidase activity. Proteinase K (Abcam, ab64220) was applied as
antigen retrieval to the paraffin sections. Afterward, the sections
were incubated with a-SMA antibody (Abcam, ab5694/1:100 dilu-
tion/45 min/45°). An endogenous avidin/biotin blocking kit (Abcam,
ab64212) for endogenous biotin blocking was used. The binding
sites of the antibody were visualized with 3,3'-diaminobenzidine
tetrahydrochloride (DAB, ScyTek Laboratories, Logan, UT). The sam-

ples were counterstained with hematoxylin.

2.4 | Determination of apoptotic cells by
TUNEL method

TUNEL method was applied in order to identify apoptotic cells in
tissues. For this, In Situ Cell Death Detection and POD (Roche,
Germany, Cat. No. 11,684,817,910) apoptosis kit was used and
the standard prescribed procedure was applied for formalin-fixed
paraffin-embedded tissues. Endogenous peroxidase activity was re-
moved in 3% H,0, methanol. Proteinase K (Abcam, ab64220) was
used as an antigen retrieval and DAB (ScyTek Laboratories, Logan,
UT) was used as a chromogen. TUNEL and a-SMA activities in tissues
were scored semi-quantitatively as negative (0), mild (1), moderate
(2), and severe (3) under a light microscope (Kutlu & Alcigir, 2019;
Sen et al., 2017; Sharawy et al., 2021).

2.5 | Biochemical examination

After the tissues were taken for lipid peroxidation and antioxidant
activity are homogenized; analyses were conducted with the help of
a spectrophotometer. The level of lipid peroxidation was measured
relative to the concentration of thiobarbituric acid reagents, and the
amount of MDA produced was used as an index of lipid peroxidation.
At 532 nm, the MDA level was expressed in nanomoles per gram
of protein (Placer et al., 1966). GSH level was measured by using
the method defined by Sedlak and Lindsay (1968). The GSH level at
412 nm was expressed as nanomoles per gram of protein. The glu-
tathione peroxidase (GSH-Px, EC 1.11.1.9) activity was determined
via the method defined by Lawrence and Burk (1976). GSH. Px ac-

tivity at 340 nm was expressed by international units per gram of

protein. Catalase activity (EC 1.11.1.6) was determined by measuring
hydrogen peroxide decomposition at 240 nm and expressed as kg/
protein (Aebi, 1983). The Lowry method was used for protein analy-
sis (Lowry et al., 1951).

2.6 | Molecular examination

Samples were quickly frozen in liquid nitrogen after euthanasia
were stored at -86°C until RNA isolation. Approximately 50 mg
from each sample was taken and homogenized in 1 mL Tri-Reagent
with a homogenizer (DAIHAN Scientific HG-15D). Total RNA was
isolated according to the TRI-Reagent kit (Sigma-Aldrich, Cat. no:
T9424) protocol (Rio et al., 2010). For this purpose, RNA pellets
were obtained after chloroform-isopropyl alcohol-ethyl alcohol
processes from the samples kept in Tri-Reagent for about 10 min
at room temperature. Obtained RNA pellets were dissolved with
30-100 pL nuclease-free water depending on their size. The purity
(A260/280) and concentration values of the RNAs isolated from the
samples were checked on the nucleic acid meter (SMA-1000 UV
Spectrophotometer). In addition, RNA quality was assessed over
28S and 18S rRNA subunits in 1% agarose gel (100 V and 25 min).
Before cDNA synthesis, possible genomic DNAs were removed
from samples that proper purity, concentration, and integrity with
DNA digestion kit (DNase |, RNase free, Thermo Scientific, USA, Cat
no: ENO525). cDNA synthesis was performed at 25°C for 10 min, at
37°C for 120 min, and at 85°C for 5 min, in accordance with the High
Capacity cDNA Reverse Transcription kit protocol (Thermo-Fisher
Scientific, Cat. no: 4,368,814) in a thermal cycler (Biorad T100, USA).
The final volume of the samples after the reaction was completed
to 200 pl and stored at -80°C until gene expression studies were
performed. Amplification of the target genes was performed via a
kit containing SYBR Green | dye by using 10 pL of each cDNA sam-
ple (Power SYBR® Green PCR Master, Thermo-Fisher Scientific, Cat
no: 4,367,659). Each sample was studied as a duplicate. In real-time
PCR (Bio-Rad CFX-96 Touch Real Time PCR, USA), the reaction was
arranged as 10 min at 95°C, followed by 15 s at 95°C, 60 s at 60°C,
and 40 cycles. PPIA (Peptidyl-Prolyl Cis-Trans Isomerase A) gene was
used as a housekeeping gene. The forward and reverse primer se-

qguences used in the amplification of genes are given in Table 1.
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FIGURE 1 Histopathologic findings and scoring were observed in the groups. Data are expressed as mean + SEM. Different superscript
letters (a, b, c) within the same column show statistically significant differences between the groups (p < .001)

2.7 | Western blot analysis

After the tissues were homogenized through cold RIPA lysis buffer
(sc-24948A) according to the protocol, they were centrifuged at
+4° at 14,000 rpm and the supernatant liquid was separated. The
total amount of protein in the samples was determined spectropho-
tometrically by using BCA (Smith et al., 1985) in accordance with
the protocol (Pierce™ BCA Protein Assay Kit). Samples were loaded
onto polyacrylamide gel in equal amounts of protein (40 pg) in each
well and electrophoresed (Laemmli, 1970), and after SDS-PAGE,
proteins were transferred to polyvinylidene difluoride (PVDF)
membrane by the western blotting technique (Towbin et al., 1979).
After this process, PVDF membranes were blocked with 5% milk
powder in order to prevent nonspecific binding and washed with
TBS-T three times for 5 min each. After diluting the membranes
with TGF-Beta (CST 5,544, rabbit polyclonal antibody, 1/1,000),
beta-actin (CST 4,970, rabbit monoclonal antibody, 1/5,000) anti-
bodies using 5% milk powder according to the protocol, then they
were left to incubate overnight, and after the incubation, the mem-
branes were washed with TBS-T three times for 5 min each. After
the secondary antibodies (CST 7,074 1/2,000) were diluted with 5%
milk powder, the membranes were incubated for 1 hr with second-
ary antibodies. After the incubation, the membranes were washed
again with TBS-T for 5 min three times, and the bands obtained
by using chemiluminescent conjugate (ECL; Biorad 1,705,061) were
monitored in the chemiluminescence imaging (Biorad ChemiDoc™
MP) (Bass et al., 2017; Sambrook et al., 1989). The band intensi-
ties in the images obtained were measured with a proper analy-
sis system (Biorad Image Lab TM Software, version 5.2.1, Biorad
Laboratories, Inc., USA). The data were normalized in accordance
with beta-actin used as an internal control and expressed as a per-

centage of the control.

2.8 | Statistical analysis

Shapiro-Wilk normality analysis was performed on the data gath-
ered at the end of the study in order to determine whether the val-
ues regarding the groups present normal distribution and at the end
of the test it was revealed that the values in all parameters exhib-
ited normal distribution. One-way analysis of variance (ANOVA) was
used to compare group averages, and the Tukey test was used to de-
termine differences between groups. Statistical assessment was car-
ried out using IBM SPSS Statistics, v.23 software, and p < .05 value
was considered to be statistically significant. In the assessment of
gene expression analysis, the results were given as fold-change by
using the 2722% method and compared with the control group (Livak
& Schmittgen, 2001).

3 | RESULTS

Macroscopically, in the control and tyrosol groups, livers were red-
dish in color and no lesions were observed. It was found that the
liver of animals in TAA and TAA +tyrosol groups was whitish in color,
much more in the TAA group; reddish foci with distinct borders were
observed on the surface.

Microscopically, histopathologic findings and scoring observed
in the groups are summarized in Figure 1 (p < .001). Histopathologic
findings scoring was performed according to Knodell Histologic
Activity Index (HAI). Masson's trichrome and Sirius red staining were
performed to examine the degree of connective tissue and colla-
gen accumulation. In the control and tyrosol groups, rats showed
normal hepatic parenchyma with normally arranged hepatic cords
(Figures 2a and 3a,b). In the TAA group, the vessels were hyper-

emic, there were changes ranging from degeneration to necrosis in

25L6017 SUOLLLLIOD BAIRID 3 (et deke aU1 Aq pouanoB a2 SaoILIe WO B8N J0'SINI 10} ARIC1 BUIIUO AB]1A UO (SN IPUOD-PUE-SULBI LD B | AReJci[puI UO//SA1Y) SUONIPUOD PLE SLLB 13U 05 *[1Z02/2T/20] Uo Aiq1auIluo 3|1 *P1y 20UBPIAT BLEILP0D Aastin | AQ GOBET 904/ TTTT 0T/10p/L00" B |1 ARe.q1Bu U0ty W0y pepeojumod “TT 'T20Z ‘¥TSva.T



KUTLU ET AL.

hepatocytes. Diffuse Kupffer cell proliferation among hepatocytes,
focal inflammatory cell infiltration especially in the portal regions,
disorganization of hepatic cords, anisokaryosis of hepatocytes, and
biliary hyperplasia were found. In addition, different degrees of he-
patocellular proliferation, increase in connective tissue extending
to the portal region or central septa, collagen accumulation, and
regenerating hepatic nodule were observed (Figures 2b-d, 3c). The
TAA +tyrosol group showed improvement in hepatic architecture,
but still has lesions, statistically, significantly less degeneration, ne-
crosis, fibrosis, and inflammatory cell infiltration were observed.
Regenerating hepatic nodule was not observed (Figure 2e,f). It was
noted that collagen accumulation was less in this group than in the
TAA group (Figure 3d).
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In the a-SMA staining performed for the detection of active
HSCs, positivity was observed only in the vessel walls in the con-
trol and tyrosol groups (Figure 4a). In the TAA group, positivity was
found to be strong and widespread, especially in portal regions,
together with positivity in the vessels (Figure 4b,c). However, in
the TAA +tyrosol group, there were also mild positive foci in the
portal area (Figure 4d). Although there were mild expressions in
hepatocytes in the control and tyrosol groups in the TUNEL stain-
ing performed for apoptosis, there was a very strong positivity in
the hepatocytes in the TAA group (Figure 4e-g). It was milder in
the TAA group than it was in the TAA +Tyrosol group (Figure 4h).

Expression scoring for a-SMA and apoptosis are presented in
Figure 5 (p < .001).

FIGURE 2 Histopathologic appearance of liver a) Control: normal liver tissue histology. H&E. 100x. b) TAA: degenerative and necrotic
changes in hepatocytes (stars) and anisonucleosis of hepatocytes (arrows). H&E. 400x. c) TAA: regenerating hepatic nodule (star), biliary
hyperplasia (arrowheads), mononuclear cells infiltration, and fibrosis (arrows). H&E. 100x. d) TAA: connective tissue increase in the portal
area (arrows), Masson's trichrome stain, 400x. e) TAA +tyrosol: mild connective tissue increase and inflammatory cell infiltration, H&E.
100x. f) TAA +tyrosol: mild connective tissue increase and inflammatory cell infiltration, Masson's trichrome stain. 100x

95USD| SUOWILIOD AIERID 3|ced!dde aU) Ag pausen0b ae Sao1e YO 138N JO S8 10} ARIq1T3UIIUO AB|IM UO (SUORIPLOD-PUB-SLLLBY Y™ AB | 1M ALe1q | BU UO//SA1Y) SUOIPUOD PUe SLUIB L 8U) 835 *[7202/2T/20] U0 ARiqITauluo A8|IM ‘PIv S0USPIAS 8URI400D AoXInL AQ GO6ET 904/TTTT 0T/10p/wod A8 1M Akeiqjpuluoj/sdny woy papeojumod ‘TT ‘Te0Z ‘vTSYSy.T



KUTLU ET AL.

60f 12 Journal of
—I—Wl LEY-|Food Biochemistry -

- (b)

()

FIGURE 3 Collagen accumulation in the liver a) Control: collagen in the vascular wall, Sirius red stain. 100x. b) Tyrosol: collagen in
the vascular wall, Sirius red stain. 100x, c) TAA: collagen in the vascular wall and in portal areas intensively, Sirius red stain, 100x. d) TAA
+tyrosol: collagen in the vascular wall and in portal areas weakly, Sirius red stain, 100x

The oxidative stress and antioxidant efficacy markers obtained
at the end of the study are given in Figure 6. It was determined that
the MDA levels in the TAA group showed a significant increase com-
pared with the control group; however, the MDA levels in the TAA
+tyrosol and tyrosol groups were close to the control group. The
GSH level used for antioxidant efficacy and the GSH. Px and CAT ac-
tivities were significantly decreased in the TAA group compared with
the control group and a significant increase in the tyrosol group. In
the TAA +tyrosol group, a significant increase was detected in GSH
and GSH. Px and CAT levels compared with the TAA group, and CAT
activity was found to be at the control group's level. The data ob-
tained at the end of the study through western blot analysis are given
in Figure 7. TGF-p expression was observed to be lesser in the tyrosol
group compared with the control group. In the TAA +tyrosol group,
on the other hand, the increase in TGF-p expression was found to be
significantly less compared with the TAA group.

The isolated RNAs were determined to be appropriate in
terms of purity and concentration. Expression levels of the tar-
get genes (TNF-a, IL-6, and TGF-B1) are given in Figure 7. TNF-«a
gene expression was twice as high in the TAA group compared
with the control group; tyrosol and TAA +tyrosol groups were
observed to be below the control group. Similarly, IL-6 expres-
sion in the TAA group was approximately fivefold higher com-
pared with the control group and approximately twofold higher
than TAA +tyrosol group. In the tyrosol group, it was below the
control group. TGF-B1 expression was observed to be 2.21 in

the TAA group, 1.40 in the tyrosol group, and 1.52 in the TAA
+tyrosol group.

4 | DISCUSSION

In recurrent chronic damages in the liver, liver fibrosis is characterized
through inflammatory cell infiltration and accumulation of excess ex-
tracellular matrix (Albanis & Friedman, 2006; Trautwein et al., 2015).
Thioacetamide, which is widely used in the induction of experimental
chronic liver damage and fibrosis, causes oxidative stress and centri-
lobular necrosis (Abramovitch et al., 2011; Mansour et al., 2018; Miller
et al., 1988; Wallace et al., 2015). In a study conducted on mice, it was
reported that TAA increases TNF-a and IL-6 mRNA levels, lowers
the GSH. Px level, and causes necrosis and inflammation. It has been
stated that these changes occur after increased oxidative stress (Kang
et al., 2008; Sanchez-Valle et al., 2012). In the present study, it was
determined that the mixing of TAA to drinking water caused oxidative
stress, inflammation, and consequently liver fibrosis.

In this study, when TAA was mixed into the drinking water of rats at
a dose of 200 mg/L for 10 weeks, it caused morphologic changes, such
as degeneration, inflammation, biliary hyperplasia, necrosis, and fibrosis,
similar to previous studies (Abramovitch et al., 2011; Afifi et al., 2016;
Czechowska et al., 2015; El-Baz et al., 2019; Mansour et al., 2018;
Miiller et al., 1988; Wallace et al., 2015). When rats consumed TAA and

tyrosol together, it was observed that morphologic changes, especially
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apoptotic hepatocytes (arrows), 400x
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fibrosis, were markedly alleviated. It has been reported that substances
such as melatonin, silymarin, crocin, tadalafil, vitamin D, and benzoqui-
none have similar effects, reducing the morphologic changes caused
by TAA (Abramovitch et al., 2011; Algandaby, 2018; Chen et al., 2012;
Czechowska et al., 2015; Mansour et al., 2018; Miao et al., 2020).

The progression of fibrogenesis increases collagen synthesis
and collagen increase is accepted as a marker of fibrosis (El-Baz
et al., 2019). The majority of ECM, including collagen, is produced
by active HSCs that play a pivotal role in fibrogenesis (Honda

et al., 2002; Iredale et al., 1998). In vivo HSC activation is a com-
plex process in which growth factors, cytokines, chemokines, and
oxidative stress products, play a key role (Palacios et al., 2008).
The inflammation induced by oxidative stress causes necrosis and
apoptosis in hepatocytes, initiating HSC activation, and fibrogenesis
(Algandaby et al., 2018; Greenwel et al., 2000; Mansour et al., 2018).
Activation of HSCs and their differentiation into myofibroblast-like
cells cause ECM increase and a-SMA expression (El-Baz et al., 2019;
Mansour et al., 2018; Sharawy et al., 2021). In the present study,
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while TAA increased hepatic collagen content and a-SMA expres-

sion, it was found that tyrosol decreased the amount of collagen and
a-SMA expression. It was reported that substances such as D. salina,
paclitaxel, and silymarin showed similar effects in rats and decreased
a-SMA positivity and collagen amount (Chen et al., 2012; El-Baz
et al., 2019; Mansour et al., 2018; Sharawy et al., 2021).

Afifi et al. (2016) reported that TAA causes hepatocellular apop-
tosis, but quercetin inhibits apoptosis. In the current study, in TUNEL
staining performed for the detection of apoptosis, it was found
that TAA stimulated apoptosis but tyrosol suppressed it. Stiuso
et al. (2016) stated that tyrosol protected the liver by inhibiting
apoptosis in their in vitro study. Kalaiselvan et al. (2016) on the other
hand, in their in vivo studies, associated the antiapoptotic property
of tyrosol with the decrease of proapoptotic Bax protein expression
and the increase of anti-apoptotic Bcl-2 protein expression.

In previous studies, it was determined that TAA causes oxidative
stress by decreasing the amount of glutathione and increasing the
ROS-induced lipid peroxidase levels (Abramovitch et al., 2011; Afifi
etal., 2016; Mller et al., 1988; Wallace et al., 2015). These free rad-
icals affect hepatocytes, endothelial cells, Kupffer cells, and HSCs
by inducing inflammation, ischemia, apoptosis, necrosis, and regen-
eration (Sanchez-Valle et al., 2012). In this study, it was found that
TAA increases the MDA level, and it decreases GSH, GSH. Px, and
CAT levels. Earlier studies showed that this oxidative stress caused
by TAA decreased with tyrosol. In other studies, it has been reported
that tyrosol has a protective effect on the liver by reducing oxidative
stress in hepatocytes (Armutcu et al., 2013; Kalaiselvan et al., 2016;
Roche et al., 2009; Sarna et al., 2016). Sarna et al. (2016) determined
that tyrosol exhibits this protective activity by increasing cystathi-
onine B-synthase and cystathionine y-lyase expression and endoge-
nous hydrogen sulfide synthesis in the liver.

In clinical and experimental studies, the formation of ROS and
oxidative stress plays an important role in initiating hepatic fibro-
genesis, and it has been stated that oxidative stress initiates fibrosis
by increasing the inflammatory reaction and the release of profibro-
genic mediators (Mansour et al., 2018; Sanchez-Valle et al., 2012).
Parallelism was found between the expression levels of TNF-«, IL-
6, and TGF-B1 cytokines involved in fibrogenesis with HSC activa-
tion and transdifferentiation in TAA-induced fibrogenesis (Palacios
et al., 2008). It has been reported that TAA application initiates in-
flammation by increasing serum levels of TNF-a, IL-6, and TGF-prol
pro-inflammatory cytokines in rats compared with the control group
(Czechowska et al., 2015; El-Baz et al., 2019; Mansour et al., 2018).

In the present study, it was determined that TAA increased gene
expression levels of TNFq, IL-6, TGF-B1 cytokines related to inflam-
mation, and fibrosis together with oxidative stress in liver disease.
It was determined that tyrosol reduced the oxidative stress caused
by TAA as well as reducing the gene expression of these cytokines
and showing anti-inflammatory and antifibrotic effects. Substances
such as melatonin, silymarin, crocin, quercetin, and tadalafil have
also been found to reduce the expression of TNF-«, IL-6, and TGF-
B1in TAA-induced fibrosis (Afifi et al., 2016; Algandaby et al., 2018;
Chen et al., 2012; Czechowska et al., 2015; Mansour et al., 2018). It

has also been reported in previous in vivo studies that tyrosol has
an anti-inflammatory effect (Armutcu et al., 2013; Chandramohan
et al., 2017; Roche et al., 2009).

In conclusion, in this study, tyrosol exhibited its hepatoprotec-
tive effect with different mechanisms and showed an anti-fibrotic
effect on reducing oxidative stress caused by TAA, by inhibiting
fibrosis-related cytokines and reducing apoptosis.
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