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Protective Effects of Tyrosol Against DSS-Induced
Ulcerative Colitis in Rats
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Abstract— In this study, the effects of tyrosol were investigated in DSS-induced exper-
imental ulcerative colitis model. For this purpose, rats were divided into five groups of seven
rats in each: control group, colitis group (DSS-4%), tyrosol group (tyrosol 20 mg/kg),
sulfasalazine (sulfasalazine+DSS 100 mg/kg), and treatment group (tyrosol+DSS 20 mg/kg).
In the study, the active substances were administered to all animals for a period of 21 days. At
the end of the study, malondialdehyde (MDA) levels increased (p < 0.001); GSH level
(p < 0.05) along with GSH.Px (p < 0.01) and CAT (p < 0.001) activities decreased in the
DSS-induced colitis group. However, with the administration of tyrosol, MDA and GSH
levels along with GSH.Px and CATactivities came to the same levels as the control group. In
the colitis group, an increase occurred in IL-6, COX-2, and NF-κB parameters, which created
a significant difference compared to the control group (p < 0.001). Similarly, TNF-α levels
also significantly increased with the administration of DSS (p < 0.05) which created a
significant difference compared to the control group, while there was no difference among
the other groups. As for the Nrf-2 data, it decreased with the administration of DSS which
created a significant difference compared to the control group (p < 0.05), while there was no
difference in other groups. In the colitis-induced group, IL-6, COX-2, and NF-κB gene
expression levels also similarly increased but returned to the normal levels with the admin-
istration of tyrosol. In the histopathological scoring, the negativity that increased with the
administration of DSS returned to the normal levels with the administration of tyrosol+DSS.
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In conclusion, according to the data obtained, tyrosol fixed the destruction picture in the DSS-
induced colitis model, giving rise to thought that it has a protective effect.
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BASIC INFORMATION

Inflammatory bowel disease (IBD) essentially in-
volves Crohn’s disease (CD) and ulcerative colitis (UC).
Although the etiology of these diseases, characterized by
chronic or recurrent immune activation and inflammation
in the gastrointestinal tract, cannot be fully explained, it is
thought that irregular immune responses and genetic and
environmental factors play a role in their ethology [1]. In
the studies conducted on this subject, it has been reported
that reactive oxygen species significantly affect the occur-
rence of the disease [1–3]. Unlike CD, inflammation seen
in UC is limited to the colon and rectum, mainly affecting
the mucosal layer of intestinal wall. Numerous factors such
as impaired immune response, mucosal barrier dysfunc-
tion, impaired microbiological flora, and genetic suscepti-
bility are considered to contribute to the etiology of UC [3].
UC, characterized by severe damage to colonic mucosa
and presence of chronic and recurrent inflammation, may
cause abdominal cramps, elevated fever, fatigue, diarrhea,
pain, vomiting, weight loss, bloody stool, and some other
symptoms [4, 5]. Administration of dextran sulfate sodium
(DSS) to rodents through drinking water results in colonic
inflammation and resembles the clinical and histopatholog-
ical characteristics of human UC [6]. Although the mech-
anism causing intestinal inflammation is not exactly
known, it is stated that DSS leads to alteration of the
intestinal permeability [7]. It has been shown that the
destruction of intestinal barrier defense increases the inva-
sion of antigens and continuously stimulates the immune
system by the introduction and activation of inflammatory
cells, and the regulation of inflammatorymediators leads to
increased ROS (reactive oxygen species) and reduced co-
lonic antioxidant defense [6, 8]. Increased production of
reactive oxygen and nitrogen species is closely associated
with the destructive effects on DNA, proteins, and lipids
that contribute to the initiation and progression of intestinal
inflammation by the production of cytokines such as tumor
necrosis factor (TNF-α) and interleukins (as IL-6 and IL-
1β) [1, 9].

The standard treatment methods for UC, including
anti-inflammatory and immunosuppressive drugs, mainly
aim at downregulation of inflammation as well as suppres-
sion of immune response. Unfortunately, these drugs are

associated with undesirable side effects and complications.
Therefore, new molecules with high efficacy and safety,
preferably of natural origin, are needed in the treatment [5].
Recent studies have focused on alternative natural products
and nutritional supplements obtained from plants with anti-
inflammatory effect, low toxicity, and minimal side effects
[10]. Tyrosol (2-(4-hydroxyphenyl)ethanol) is a well-
known phenolic compound with antioxidant properties
found in wine, olive oil, and other plant-derived products
[11, 12]. The most important source of tyrosol, a natural
antioxidant, is olive oil [13]. It is stated that in
lipopolysaccharide-induced experimental lung tissue inju-
ry in mice, tyrosol reduces the increased lung tissue
myeloperoxidase (MPO) activity and iNOS, COX-2,
TNF-α, IL-1β, and IL-6 levels and increases the reduced
SOD activity and shows an anti-inflammatory effect on
inflammation caused by lipopolysaccharide [14].

The aim of this study was to investigate the protective
effects of tyrosol, an antioxidant agent, on DSS-induced
ulcerative colitis model.

MATERIAL AND METHOD

Experimental Protocol

In the study, Wistar albino male rats weighing 180–
250 g were used. The experimental protocol was approved
by the Mustafa Kemal University Animal Experimenta-
tions Local Ethics Committee, permission number of 2017/
9-5 (Hatay, Turkey). The experimental practices were con-
ducted in accordance with the Guide for the Care and Use
of Laboratory Animals (12 h of light-12 h of dark and at 21
± 1 °C). Throughout the experimental practices, the rats
were provided with standard commercial feed (pellet feed)
and tap water ad libitum. The study was continued for
21 days, and the rats were divided into 5 groups of 7
animals in each group. The rats in the control group re-
ceived no treatment. In the second group (colitis), 4% DSS
was given to the animals in drinking water for 7 days
between the 15th and 21st days of the study. Tyrosol
dissolved in 1 ml of physiological saline solution was
administered at a dose of 20 mg/kg once a day by gavage
route for 21 days to the third (tyrosol) group. In the fourth

1681Protective Effects of Tyrosol Against DSS-Induced Ulcerative



group (sulfasalazine), sulfasalazine was administered to the
rats at a dose of 100 mg/kg by gavage between the days 0
and 21. Moreover, DSS was added to the drinking water of
the rats at a concentration of 4% between day 15 and day
21 to induce ulcerative colitis. In the fifth group
(tyrosol+colitis), tyrosol dissolved in 1 ml of physiological
saline solution was administered at a dose of 20 mg/kg
once a day by gavage route for 21 days. DSS was added to
the drinking water of the rats at a concentration of 4%
between day 15 and day 21 to induce ulcerative colitis.
Twenty-four hours after the last administration, the rats
were decapitated under xylazine (10 mg/kg)-ketamine
(60 mg/kg) anesthesia, and 10-cm tissue was taken from
the distal colon by washing with physiological saline solu-
tion. Half of the tissue samples were kept in 10% neutral
formalin solution for histopathological analyses, and the
other half was stored at − 80 °C for analyses.

Biochemical Analyses

After the tissues taken for lipid peroxidation and antiox-
idant activity were homogenized, the analyses were carried
out using the spectrophotometric method. The level of lipid
peroxidation was measured according to the concentration of
thiobarbituric acid reactive substances, and the amount of
malondialdehyde (MDA) produced was used as an index of
lipid peroxidation. The level of MDA at 532 nm was
expressed as nmol/g protein [15]. The level of reduced gluta-
thione (GSH) was measured using the method defined by
Sedlak and Lindsay [16]. The level of GSH at 412 nm was
expressed as nmol/g protein. The glutathione-peroxidase
(GSH.Px) activity was determined according to the method
defined by Lawrence and Burk [17]. The GSH.Px activity at
340 nmwas expressed as international units per gram protein.
The catalase activity was determined by measuring the de-
composition of hydrogen peroxide at 240 nm and expressed
as kg/protein [18]. The parameters of IL-6, TNF-α, COX-2,
NF-κB, and Nrf-2 were determined using commercial kits
(ELABSCIENCE), and the results were expressed as protein.
The Lowry [18] method was used for protein analyses.

Histopathological Analyses

The colon tissues taken after systemic necropsy per-
formed for histopathological analyses were washed with
physiological saline solution and examined macroscopically.
For Morris et al. [19] classification, the severity of macro-
scopic colonic injury was determined using a 5-point scale: 0,
no damage; 1, localized hyperemia, but no ulcer or erosions;
2, ulcer or erosions with insignificant inflammation; 3, ulcer
or erosions with inflammation at one site; 4, two or more

major sites of ulceration and/or inflammation; 5, two or more
major sites of ulceration and inflammation extending more
than 1 cm along the length of the colon.

The portions with the most severe macroscopic injury
were determined in the tissue samples which were taken
from the colons for histopathological evaluation and fixat-
ed in 10% formaldehyde solution for 72 h. Within the
scope of routine follow-up, the tissue samples were
blocked in paraffin after they were dehydrated by passing
through a series of alcohol and became transparent by
passing through a series of xylol. After 5-μm-thick serial
sections were taken from the paraffin blocks in a micro-
tome (Leica RM 2135) and stained according to the
hematoxylin–eosin (HE) staining technique, the sections
were examined in a light microscope (Nikon 80i-DS-RI2)
and photographed. Using the criteria scores of 1 (0–3) =
lose of mucosal architecture, 2 (0–3) = cellular infiltration,
3 (0–1) = crypt abscess formation, and 4 (0–1) = goblet cell
depletion determined by Appleyard and Wallace [20], mi-
croscopic grading of colonic injury was performed.

RNA Isolation and cDNA Synthesis

RNA isolation was performed according to the TRIzol
method. For this purpose, approximately 1 ml of TRIzol was
used for 50 mg of tissue (ThermoFisher Scientific, USA, cat
no. 15596026). By the kit protocol, the samples that were
kept at room temperature for about 10 min after chloroform-
isopropyl alcohol-ethyl alcohol stages were diluted with 30–
100 μl nuclease-free water according to their pellet sizes.
After the purity and concentration values of the total RNAs
obtained were checked in a nucleic acid spectrophotometer,
the isolation of the samples of inappropriate purity and con-
centration was repeated. Following the spectrophotometric
measurements, the samples were evaluated in 1% agarose
gel in terms of the integrity of 28S and 18S bands electro-
phoresis to check the quality of RNA (100 Vand 25 min).

After the isolation of RNA, the samples were treated
with DNase I for possible DNA contamination (DNase I,
RNase-free, Thermo Scientific, USA, cat no. EN0525). After
the DNA digestion phase, 1000 μg of total RNA was used
and converted into cDNA according to the High-Capacity
cDNA Reverse Transcription kit protocol. In the thermal
cycler (Biorad T100, USA), the reaction was carried out for
10 min at 25 °C, 120 min at 37 °C, and 5 min at 85 °C. The
cDNAs obtainedwere completed to 150μl with nuclease-free
water and stored at− 80 °C until gene expression studies were
performed.
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Quantitative Real-Time PCR Analysis

The amplification of the target genes was performed
using 10 μl of each cDNA sample with a kit containing
SYBR Green I dye (Power SYBR® Green PCR Master,
ThermoFisher Scientific, USA, cat no. 4367659). Each sam-
ple was studied in duplicate. The reaction performed in qPCR
(Rotor-Gene, Qiagen, USA) was programmed as 10 min at
95 °C, followed by 15 s at 95 °C, 60 s at 60 °C and 40 cycles.
While amplifying the TNFα, IL-6, NF-κB, COX-2, and Nrf-
2 genes involved in the inflammation pathway as target genes,
the GAPDH and RPLP0 reference genes were used as inter-
nal control. At the end of the qPCR phase, the region multi-
plied by primers was checked by melting curve analysis.
Sequences of the primers used are shown in Table 1.

The Ct values of the RPLP0 and GAPDH genes used
as reference genes were used by calculating their geometric
means. In the calculation of Ct values obtained, the 2−ΔΔCt

method was used [21]. Fold changes were compared with
the control group, a p value of < 0.05 was considered
significant.

Statistical Analysis

The data obtained were analyzed using the SPSS 23.0
software; the one-way analysis of variance (ANOVA) was
used to compare the means of the groups, and the Tukey test
was used to determine the differences between the groups.

RESULTS

Biochemical Parameters

The oxidative stress and antioxidant activity markers
obtained at the end of the study are given in Table 2. With
the administration of DSS, MDA levels increased signifi-
cantly compared to the control group (p < 0.001). Howev-
er, increased levels of MDA in the fourth group
(sulfasalazine) and fifth group (tyrosol+DSS) returned to
the levels of the control group. The level of GSH signifi-
cantly decreased with the administration of DSS (p < 0.05),
while it was found to come to the same level with the
control group in the fourth and fifth groups. GSH.Px
(p < 0.01) and CAT (p < 0.001) activities reduced signifi-
cantly in the group given DSS compared to the control
group, while they came to the same levels as the control
group with the administration of sulfasalazine+DSS in the
fourth group and with the administration of tyrosol+DSS in
the fifth group.

Gene Expression and Protein Levels

It was determined that the 260:280 ratios of RNAs
obtained after total RNA isolation was > 1.7 (1.78 ± 0.02),
and the concentration values were sufficient for cDNA
conversion (161.40 ± 9.54 ng/μL). The analyses were eval-
uated according to the control as given in Fig. 1. Accord-
ingly, TNF-α, COX-2, IL-6, and NF-κB expressions in-
creased in the rats given DSS. In the groups given
DSS+tyrosol, TNF-α, COX-2, and NF-κB gene expres-
sions were the same as control group.

The protein levels are given in Table 3. With the
administration of DSS, an increase occurred in IL-6,
COX-2, and NF-κB parameters (p < 0.001) and TNF-α
levels (p < 0.05) which created a significant difference
compared to the control group. No difference between the
other groups was found. Nrf-2protein levels decreased with
the administration of DSS which created a significant
difference compared to the control group (p < 0.05), while
there was no difference in other groups (Table 3).

Macroscopic Findings

The results of the scoring according to the macro-
scopic classification criteria are given in Fig. 2. In addition,
macroscopic appearances before laparotomy, during lapa-
rotomy, and after necropsy are given in Fig. 3. While no
macroscopic finding was observed in the colons of the
control group and tyrosol and sulfasalazine group rats,
the macroscopic examination of the colons of all colitis

Table 1. Forward and Reverse Sequences of Primers Used in This Study

Gene Forward and reverse sequences P.L.

COX-2 F: 5′-TGTATGCTACCATCTGGCTTCGG-3′
R: 5′-GTTTGGAACAGTCGCTCGTCATC-3′

94

Nrf-2 F: 5′-TTGTAGATGACCATGAGTCGC-3′
R: 5′-TGTCCTGCTGTATGCTGCTT-3′

141

TNFα F: 5′-GGCATGGATCTCAAAGACAACC-3′
R: 5′-CAAATCGGCTGACGGTGTG-3′

130

RPLP0 F: 5′-CACTGGCTGAAAAGGTCAAGG-3′
R: 5′-GTGTGAGGGGCTTAGTCGAA-3′

187

IL-6 F: 5′-TGATGGATGCTTCCAAACTG-3′
R: 5′-GAGCATTGGAAGTTGGGGTA-3′

230

NF-κB F: 5′-CTGCGATACCTTAATGACAGCG-3′
R: 5′-AATTTTGGCTTCCTTTCTTGGCT-3′

195

GAPDH F: 5′-AGTGCCAGCCTCGTCTCATA-3′
R: 5′-TCCCGTTGATGACCAGCTTC-3′

234

P.L.: product length
***The primers were designed by authors in -PrimerBLAST (NCBI)
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group rats showed hyperemia, inflammation, and/or ulcer-
ative areas varying in size and severity. No ulcerative area
was seen in the tyrosol+DSS and sulfasalazine+DSS
groups, while there were mild hyperemic and/or inflam-
mation areas.

Microscopic Findings

The results of the scoring according to the microscop-
ic classification criteria are given in Fig. 4, and the micro-
photographs of the sections are given in Fig. 5. The micro-
scopic examination of the colons of the control and tyrosol
group rats showed crypts with a normal histological struc-
ture containing intense goblet cells and unilayered prismat-
ic epithelial cells. The crypts in the colons of the colitis
group rats showed very severe erosion, mucosal and sub-
mucosal intense inflammatory cell infiltration, hemor-
rhage, vasculitis, and diffuse submucosal edema. There
was no significant difference between tyrosol+DSS and
sulfasalazine+DSS groups’ purpose in terms of histopath-
ological findings. In both of these groups, the crypts pre-
served their normal histological structure, while there was

markedly mild erosion, mild focal mucosal, and submuco-
sal inflammatory cell infiltration, and mild focal submuco-
sal edema in the crypts, which were less severe findings
compared to the colitis group.

DISCUSSION AND CONCLUSION

In this study, oxidative stress and antioxidant activity
parameters, IL-6, TNF-α, COX-2, NF-κB and Nrf-2 anal-
yses with mRNA and protein levels were analyzed to
demonstrate the protective effects of tyrosol in DSS-
induced ulcerative colitis model, and the histopathological
data were also evaluated. According to the literature re-
view, this is the first study demonstrating the protective
effect of tyrosol on ulcerative colitis.

The pathogenesis of UC is composed of various
mechanisms, and DSS-induced colitis models have be-
come more preferable for different research areas. Today,
DSS is the most commonly used chemical in colitis model
studies. DSS can also damage IECs (intestinal epithelial
cells) with sulfated polysaccharides, a sort of toxic

Table 2. Mean ± SEMValues of Malondialdehyde (MDA), Reduced Glutathione (GSH) Levels and Glutathione Peroxidase (GSH.Px), and Catalase (CAT)
Activities in Colon

Group/variables MDA (nmol/g prot) GSH (nmol/g prot) GSH.Px (IU/g prot) CAT (ku/g prot)

Control 3.262 ± 0.43a 5.027 ± 0.32a 102.356 ± 3.62a 152.240 ± 4.50a

DSS 5.057 ± 0.40b 1.843 ± 0.34b 73.893 ± 3.13b 87.280 ± 1.80b

Tyrosol 2.235 ± 0.45a 4.255 ± 0.46a 95.390 ± 6.92a 151.993 ± 8.64a

DSS+Sulfasalazine 2.180 ± 0.32a 4.606 ± 0.53a 105.921 ± 3.31a 144.698 ± 2.94a

DSS+Tyrosol 2.327 ± 0.32a 3.915 ± 0.34a 97.068 ± 97.06a 123.573 ± 2.360c

Significance p < 0.001 p < 0.001 p < 0.01 p < 0.05

Different letters (a,b,c) within the same column show statistically significant differences between the groups
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Fig. 1. Fold changes of genes in TNF-α, COX-2, Nrf-2, IL-6, and NF-κB in colon. Different superscript letters (a,b,c) within the same column show
statistically significant differences between the groups: p < 0.05 (groups compared to the control group).
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substance with anticoagulant properties. The consequences
of the resulting damage are similar to UC in humans in
terms of symptoms and morphology [22].

In this study, it was found that the expression of inflam-
matory cytokine increased and a strong inflammatory re-
sponse occurred in the rats with DSS-induced colitis. The
increased oxidative damage in the intestinal mucosa may
form an interactive network with IEC, and overactivated
interactions may cause the physical barrier to be destroyed
or lesions to further worsen. The intestinal barrier is a com-
plex and significant defense system consisting of physical,
chemical, biological, and immunological barriers. By this
means, it can prevent bacteria or toxins from passing through
the intestines to tissues and organs and invading them [23].

Although the underlying pathogenesis of UC is still
uncertain, the role of oxidative stress and immunological
dysfunction has been proven to be very important in its
development.

The deterioration of the antioxidant system of colonic
mucosa is associated with oxidative damage to mucosal
lipids and proteins and causes mucosal ulceration.

Meanwhile, the damaged mucosal barrier causes the
mucosal immune system to be exposed to lumen antigens,
then the change and regulation of immune response, and
the progression of the disease [24]. With the increase in
free radicals, the integrity of the intestinal mucosal barrier
is impaired, and inflammatory mediators are stimulated
due to lipid peroxidation and oxidative stress [25–27]. In
the experimental UC model studies, it was found that GSH
[27–29] levels and GSH.Px [29], SOD [30], and CAT [31]
activities, which are antioxidant activity parameters, de-
creased. Similarly, in our study, it was found that MDA
levels increased and GSH level and GSH.Px and CAT
activities decreased in the group given DSS (colitis group).

Since oxidative stress and inflammatory responses
play an important role in the occurrence of UC [32], natural
products with antioxidant effect have drawn more interest
in recent years. Antioxidant effects of tyrosol have been
shown in various previous studies [33–35]. In this study,
MDA, an oxidative stress marker, decreased in the
tyrosol+DSS and sulfasalazine+DSS groups, while GSH
levels and GSH.Px and CAT activities increased and have
the same levels as the control group. This indicates that the
active ingredient of tyrosol has a protective effect close
similar to sulfasalazine in preventing oxidative damage.

Proinflammatory cytokines such as IL-1β, IL-6, and
TNF-α are the most important inflammatory mediators
[36] that regulate acute phase protein synthesis in inflam-
mation. In addition, COX-2 is also known to be one of the
inflammatory proteins expressed in high amounts in in-
flammation areas. Activation of these produces an inflam-
matory response that may affect the integrity of colon
mucosa and contributes to the progression of intestinal
damage, and their expression increases in IBD and colitis.
Nuclear translocation of NF-κB is associated with the
transactivation of target genes related to inflammatory
cytokines and promotes the inflammatory process in UC
patients [37]. In IBD, it increases the expression of many
pro-inflammatory cytokines including NF-κB, IL-1β, IL-
6, and TNF-α as well as the expression of proinflammatory

Table 3. Mean ± SEM Values IL-6, COX-2, TNF-α, NF-κB, and Nrf-2 Levels in Colon

Group/variables IL-6 (pg/ml) COX-2 (pg/ml) TNF-α (pg/ml) NF-κB (pg/ml) Nrf-2 (pg/ml)

Control 1.262 ± 0.02a 2.035 ± 0.05a 1.472 ± 0.04a 24.252 ± 1.55a 3.756 ± 0.34a

DSS 1.841 ± 0.12b 2.557 ± 0.04b 2.768 ± 0.36b 65.781 ± 6.22b 2.192 ± 0.15b

Tyrosol 1.341 ± 0.05a 1.964 ± 0.04a 1.461 ± 0.03a 30.594 ± 4.50a 4.515 ± 0.40a

DSS+Sulfasalazine 1.302 ± 0.07a 2.148 ± 0.08a 2.435 ± 0.51a 34.028 ± 2.73a 3.698 ± 0.20a

DSS+Tyrosol 1.142 ± 0.03a 2.012 ± 0.035a 1.322 ± 0.02a 28.575 ± 1.34a 3.608 ± 0.18a

Significance p < 0.001 p < 0.001 p < 0.05 p < 0.001 p < 0.05

Different letters (a,b) within the same column show statistically significant differences between the groups
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mediators such as COX-2 and nitric oxide synthase (iNOS)
[38]. In various studies, it has been reported that the ad-
ministration of DSS in mice and rats causes an increase in
the TNF-α [39], IL-6 [40, 41], IL-1β [40, 42], NF-κB [43,

44], and COX-2 levels of the colonic tissue. In our study,
TNF-α and IL-6 levels were found to be increased in the
DSS-induced colitis group (Table 3). Similar increases also
occurred in TNF-α mRNA expressions. The increase in

Fig. 3. Colitis group rat: a hemorrhagic appearance of colon before laparotomy; b appearance of colon during laparotomy. After necropsy macroscopic
appearance of the colon: c control group; d colitis group; e colitis+tyrosol group; f colitis+sulfasalazine group.
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TNF-α may be caused by loss of mucin-producing goblet
cells, reduction of colonic mucus layer thickness, exposure
of colonic mucosa to lumen antigens, and colonic mucosal
inflammation [45]. The increased monocyte/macrophage
infiltration into the colonic mucosa in DSS-induced colitis
rats may cause enhanced IL-6 [46]. However, the levels of
IL-6 gene expression increased about 4 times in the DSS-
induced colitis group, whereas no decrease was found in
the tyrosol-treated group, and it was found that the protein
levels were approximately the same as in the DSS group
(p > 0.05). It is known that the protein levels are brought
under control by some posttranslational mechanisms. In
the study byWei et al. [47], it was reported that the levels of
IL-6 gene expression were brought under control by some
miRNAs in the let-7 (Lethal 7) family under various phys-
iological conditions. Accordingly, it was thought that the

protein levels of this interleukin with increased activity at
mRNA level might have been brought under control by
some posttranslational mechanisms.

NF-κB, which is a transcription factor and is mostly
found in passive form in the cytoplasm, is involved in the
initiation of inflammatory and immune response by transfer-
ring to the nucleus as a result of inflammation. NF-κB plays
an important role in maintaining the integrity of homeostasis
and mucosal barrier functions in the intestine [48]. Increased
NF-κB in the intestinal mucosal cells in relation to this
condition is closely associated with IBD [49]. In our study,
it was found that the levels of NF-κB protein similarly
increased in the DSS-induced colitis group. With the induc-
tion of colitis, NF-κB is activated and increases the expression
of proinflammatory gene that is effective on the mucosal
inflammation process [50]. Studies have shown that agents

Fig. 5. a Normal microscopic view of the control group colon. Crypts with normal histological structure including intensive goblet cells and single-layer
prismatic epithelial cells. H&E × 100. bColitis group microscopic appearance of the damage in the colon. Very violent erosion in the colon crypts, desquame
epithelial cells in the lumen, mucosal and submucosal intense inflammatory cell infiltration, and diffuse hemorrhage, submucosal edema, and vasculitis. H&E
× 100. c Microscopic appearance of colitis+tyrosol group colon damage. Erosion, mild mucosal, and submucosal inflammatory cell infiltration, focal
submucosal edema in the colon crypts. H&E × 100. d Microscopic appearance of colitis+sulfasalazine group colon damage. Erosion, mildly mucosal and
submucosal inflammatory cell infiltration, and focal submucosal edema. H&E × 100.
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targeting NF-κB reduce the severity of intestinal inflamma-
tion [51, 52]. Similarly, there was no increase in the
tyrosol+DSS group and similar results were obtained with
the control group. When the activity of NF-κB at mRNA
level was analyzed, it was found that there was a significant
decrease in the tyrosol+DSS group compared to the control
group (0.31 ± 0.06-fold; p< 0.05), and that the control and
tyrosol+DSSgroupswere similar in terms of protein amounts.
The synthesis of mRNA can be inhibited by various molec-
ular mechanisms. However, depending on the half-life of
existing mRNAs in the cell environment, the process of
protein synthesis continues in varying periods [53]. While
the levels of mRNA were low in the groups treated with
tyrosol+DSS and tyrosol alone, it was thought that the reason
for the high protein level might have been caused by this.

Several studies have shown that Nrf-2 activators have
a protective effect against oxidative stress and inflamma-
tory responses by suppressing NF-κB-mediated signaling
activation [54–56]. Increased Nrf-2 levels are known to
induce a strong anti-inflammatory response, as well as
induction of antioxidant enzymes. Nrf-2 is a significant
transcription factor involved in the expression of enzymes,
including GPx, GSH, and HO-1, so these enzymes reduce
inflammatory pathway activation and oxidative stress [57].
This indicates that Nrf-2 plays an important role in the
prevention and treatment of IBD, including UC. Similarly,
it was found in our study that Nrf-2 levels decreased in the
DSS-induced colitis group. However, this was found to be
not similar in mRNA expression level. It was determined
that Nrf-2 gene expression levels were expressed more
than 2 times (2.28 ± 0.45) in the positive control group
treated with sulfozalasine alone (p < 0.05). As expected,
there was a decrease in the mRNA levels of the colitis
group, while this decrease was not statistically significant,
and Nrf-2 gene expression levels were similar to the con-
trol group. It was found that Nrf-2 mRNA activity in-
creased only in the sulfosalazine group. When the gene
expression levels in the group 5 were analyzed, it was seen
that the expression levels in the tyrosol+DSS group were
the same as the control group. This gave rise to the thought
that the suppression of Nrf-2 induced by inflammation
could be limited by the use of tyrosol.

It has been reported that the colonic tissue of the DSS-
administered mice showed a protective effect against DSS-
induced ulcerative colitis by means of extra-virgin olive oil
inhibiting the PPARγ (peroxisome proliferator-activated re-
ceptor gamma) and NF-κB pathways which was added to the
diet where therewere significant increases in TNF-α, COX-2,
and iNOS protein levels [58]. In various studies, it has been
reported that the administration of tyrosol, one of the

important antioxidant components of olive oil, has anti-
inflammatory effects [34, 35, 59]. In our study, the increased
IL-6, NF-κB, TNF-α, and Cox-2 and decreased Nrf-2 protein
levels with the administration of DSS similarly returned to
normal levels with the administration of tyrosol.

DSS-induced colitis studies have reported that the use
of various antioxidant agents have shown a decrease in
histological findings, decreased inflammation in the muco-
sa and regeneration of the epithelium [29, 60]. Superoxide
dismutase, catalase [61], vitamin E, and selenium [62, 63]
have been shown to be useful in reducing the occurrence of
colonic inflammation in studies. In this study, DSS-
induced colitis rats showed very severe erosion, mucosal
and submucosal inflammatory cell infiltration, severe
widespread hemorrhage, goblet cell damage, widespread
submucosal edema, and vasculitis. On the other hand,
colon tissues of the tyrosol-treated group with DSS were
found to have a normal histological structure, crypts with
mild signs of mucosal and submucosal inflammatory cell
infiltration and focal submucosal edema were observed in
crypts that were less severe than the colitis group. These
histopathological results showed that the antioxidant
agents used in the prevention of colitis were compatible
with the results of the abovementioned studies. Both mac-
roscopic and microscopic findings in the histopathological
evaluations confirm the occurrence of damage in the DSS-
induced colitis model but show that the administration of
tyrosol reverses this destruction picture.

In conclusion, it was seen that oxidative damage in-
creased, histopathological disorders increased, and inflamma-
tion parameters increased in DSS-induced colitis model, and
these findings were also similar in gene expression. However,
the fact that the treatment with tyrosol exhibited therapeutic
effects in the specified parameters gives rise to the belief that
this antioxidant agent is effective in the treatment of colitis.
However, the use of tyrosol active ingredient in different
studies and at different doses and times will provide a better
understanding of the effects of this substance.
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