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Keywords Abstract: Arsenic is a very dangerous metal that is widely distributed in the environment as a
Apoptosis, result of anthropogenic and natural processes. On the other hand, it is thought that treatment with
Carvacrol, natural flavonoids may protect against arsenic toxicity. Carvacrol (CRV) is a naturally occurring
Inflammation, phenolic compound with anti-inflammatory, anti-apoptotic, and antioxidant properties. This study
Intestinal aims to investigate the protective effects of CRV on sodium arsenite (SA)-induced intestinal
toxicity, toxicity. For this purpose, rats were randomly divided into five groups and administered SA and
Oxidative CRV orally for 14 days. The data indicate that when SA is administered, lipid peroxidation
stress, increase and antioxidant enzyme activities decrease. The administration of CRV ameliorated this

Sodium arsenite  impairment in the antioxidant defense system. Examining the expression levels of NF-kB and IL-
1B revealed that inflammation increased with SA application but decreased with CRV
administration. Moreover, the expression levels of Caspase-3 and Apafl increased in rats treated
with SA, whereas the severity of apoptosis decreased when CRV was administered. In light of
these findings, it is possible to state that CRV protects tissues from damage by presenting
antioxidant, anti-inflammatory, and anti-apoptotic effects in SA-induced intestinal toxicity.

Carvacrol, Sodyum Arsenit Kaynakh ince Bagirsak Toksisitesini Iyilestirmektedir

Anahtar Oz: Arsenik, dogal ve antropojenik faaliyetler yoluyla ¢evrede bol miktarda bulunan son derece
Kelimeler tehlikeli bir metaldir. Bununla beraber dogal flavonoidlerle tedavinin arsenik toksisitesine karsi
Apoptoz, koruyucu etkisi olabilecegi 6ngoriilmektedir. Carvacrol (CRV) antioksidan, anti-inflamatuvar ve
Carvacrol, antiapoptotik 6zellikleri bilinen dogal bir fenolik bilesiktir. Bu ¢alismanin amaci sodyum arsenit
Ince bagirsak (SA) ile olusturulan ince bagirsak toksisitesinde CRV’nin koruyucu etkilerinin arastirilmasidir.
toksisitesi, Bu amagla ratlar rastgele 5 gruba ayrildi ve 14 giin boyunca oral olarak SA ve CRV uygulamast
Inflamasyon, gerceklestirildi. Veriler SA uygulamas: ile lipid peroksidasyonunun sekillendigini antioksidan

Oksidatif stres,  enzim aktivitelerinin ise azaldigin1 gostermektedir. Antioksidan savunma durumundaki bu

Sodyum arsenit  bozukluk CRV uygulamasi ile azaldi. NF-kB ve IL-1p ekspresyon diizelerine bakildigina SA
uygulamasi ile inflamasyonun siddetlendigi CRV uygulamasi ile bu siddetin azaldig: tespit edildi.
Buna ek olarak yine SA uygulanan ratlarda artan Caspase-3 ve Apafl ekspresyon diizeylerinin
CRYV uygulamasi ile diistigli ve apoptozun siddetinin azaldigi belirlendi. Ttim bu veriler 1s18inda
SA kaynakli ince bagirsak toksisitesinde CRV nin antioksidan, anti-inflamatuvar ve antiapoptotik
etki gostererek dokular1 hasarda korudugu soylenebilir.

1. INTRODUCTION agricultural pesticides and rodenticides [2]. Multiple

organs, including intestine, are affected by arsenic [3].
The health effects of arsenic are becoming more serious Arsenic is also a well-known cancer-causing substance
worldwide [1]. The main source of arsenic exposure is that results in a variety of malignant tumors in people [4].
drinking water that has more arsenic than is allowed. The most extensively researched and recognized
Drinking water may get contaminated with arsenic due to mechanism for arsenic poisoning is oxidative stress,

natural deposits, industrial processes, and excessive use of despite the fact that it has not yet been fully understood.
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Lipid peroxidation and reactive oxygen species (ROS) are
both increased by arsenic, which leads to organ damage
[5]. In addition, arsenic depletes antioxidants that are
protective, including glutathione (GSH), superoxide
dismutase (SOD), and glutathione peroxidase (GPXx).
Therefore, by reducing the impact of reactive oxygen
metabolites on cellular components, increasing cellular
antioxidant capacity may be useful in limiting the toxicity
of arsenic.

Protein inactivation and an increase in ROS are caused by
arsenic binding to the sulfhydryl groups of proteins and
glutathione [6, 7]. Additionally, it has been shown that
increased ROS may damage DNA and trigger pathways
that result in cell death [8]. Due to this, antioxidant
molecules are thought to be a potential therapy for arsenic
poisoning, and interest in using naturally occurring
phytochemicals is growing daily .

Carvacrol (CRV), also known as 5-isopropyl-2-
methylphenol, is a phenolic monoterpene present in the
essential oils of many Lamiaceae plants [9, 10]. This
substance was shown to have antioxidant, anti-
inflammatory, anticancer, antispasmodic, and
chemoprotective properties in earlier in vitro and in vivo
research [11, 12]. According to studies, CRV not only
improves endogenous antioxidant levels but also defends
against inflammation, which is the underlying cause of
many diseases, by controlling the expression of genes that
are essential for inflammation [13].

The purpose of this study was to determine whether CRV
has protective effects against sodium arsenite-induced
intestinal toxicity.

2. MATERIAL AND METHOD

2.1. Supply, Care and Ethics Committee Approval of
Experimental Animals

35 male Sprague-Dawley rats weighing between 220 and
250 g and aged 10 to 12 weeks were used in the
experiment. Ataturk University Medical Experimental
Application and Research Center provided the animals.
They had free access to water and standard laboratory
pellet feeds. They were kept in an environment with a
temperature of 24+1 °C, humidity of 45+5 %, and a
light/dark cycle of 12 hours. Before administering the
compounds, the animals were observed for one week to
corroborate that they had adapted to the environment. All
animal investigations were conducted at the Medical
Experimental Research Center of Ataturk University. The
Ataturk University Animal Experiments Local Ethics
Committee approved the investigation (Protocol Number:
2022-11-226) with ethics committee approval.

2.2. Experimental Procedure

Rats were randomly divided into 5 groups, with 7 animals
in each group.

e Control Group: For 14 days, physiological saline
was administered orally.
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e CRV Group: For 14 days, 50 mg/kg CRV was orally
administered to rats.

e SA Group: The rats received 10 mg/kg sodium
arsenite (SA) orally for 14 days.

e SA+ CRV 25 Group: The rats received 10 mg/kg SA
for 14 days, followed by 25 mg/kg CRV
administered 30 minutes later.

e SA+ CRV 50 Group: The rats received 10 mg/kg SA
for 14 days, followed by 50 mg/kg CRV
administered 30 minutes later.

24 hours after the last sodium arsenide administration,
animals were decapitated under mild sevoflurane
anesthesia. Intestine tissue was stored at —80 °C for
biochemical and Real-Time PCR studies.

2.3. Preparation of Tissue Homogenates

To generate the intestine tissue homogenate, the tissues
were diluted 1:20 with phosphate-buffered saline (PBS;
pH 7.4). With a tissue lysate device (TissueLyser II,
Qiagen), the resulting mixture was quickly homogenized.
30 minutes at +4 °C and 3000 rpm were spent centrifuging
the homogenate. Analysis was conducted using the
supernatant.

2.4. Determination of Oxidative Stress Status

Using the method established by Placer et al.[14], the
level of lipid peroxidation was determined by quantifying
the amount of malondialdehyde (MDA). SOD activity
was determined using a method developed by Sun et
al.[15]. The catalase (CAT) activity was measured using
a method established by Aebi [16], and the data were
expressed as catal/g protein. GPx activity was assessed
using a technique created by Lawrence and Burk [17].
GSH levels were determined using the method described
by Sedlak and Lindsay [18]. The Lowry et al.[19]
technique was used to analyze total protein, with bovine
serum albumin serving as the reference.

2.5. Real -Time PCR Analysis

After collecting intestinal tissues from animals treated
with sodium arsenide and carvacrol, the expression levels
of the genes Nrf2, HO-1, NF-kB, IL-1pB, Caspase-3, and
Apaf-1 were examined using the RT-PCR technique. In
accordance with the manufacturer's instructions, tissues
were treated with QlAzol Lysis Reagent (79306; Qiagen)
to obtain total RNAs. Concentrations of RNAs were
measured in NanoDrop (BioTek Epoch). The obtained
RNAs were then transformed into double-stranded
cDNAs using the iScript cDNA Synthesis Kit (Bio-Rad).
This procedure was carried out in accordance with the
manufacturer's instructions, and the following reaction
conditions were established:

1. Priming: 5 minutes at 25 °C
2. Reverse transcription: 20 minutes at 46 °C
3. RT inactivation: 1 minute at 95 °C

In the final phase of the analysis, cDNAs, primers of the
pertinent genes, and the mixture prepared with iTaq
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Universal SYBR Green Supermix (BIORAD) were
reacted in the Rotor-Gene Q (Qiagen) device using the
time and temperature cycles indicated by the
manufacturer. Following the completion of the cycles, the
CT values provided by the device were normalized
according to B-Actin. This process was performed
according to the 22T method [20]. Primer sequences
have been presented in Table 1.

Table 1. Primer sequences

Gene Sequences (5°-3°) L?tr)lg)th
NE-«B F: AGTCCCGCCCCTTCTAAAAC 106

R: CAATGGCCTCTGTGTAGCCC

IL-1B F: ATGGCAACTGTCCCTGAACT 197
R: AGTGACACTGCCTTCCTGAA

Apaf-1 F: ACCTGAGGTGTCAGGACC 192
P R: CCGTCGAGCATGAGCCAA

Caspase- F: ACTGGAATGTCAGCTCGCAA 270
3 R: GCAGTAGTCGCCTCTGAAGA
NIf2 F: TTTGTAGATGACCATGAGTCGC 161

R: TCCTGCCAAACTTGCTCCAT

HO-1 F: ATGTCCCAGGATTTGTCCGA 144
R: ATGGTACAAGGAGGCCATCA

B-Actin F: CAGCCTTCCTTCTTGGGTATG 360
R: AGCTCAGTAACAGTCCGCCT

2.6. Statistical Analysis

One-way analysis of variance (One-way ANOVA) was
used to perform a statistical analysis of the biochemical
and Real-Time PCR data. Tukey's multiple comparison
test was employed to determine whether there was a
significant difference between the groups. Results were
shown as mean + standard deviation. Statistical
significance was defined as a p value <0.05.

3. RESULTS

3.1. Effect of CRV on Lipid Peroxidation in Sa-
Induced Intestine Toxicity

Table 2 shows the effects of CRV against SA-induced
lipid peroxidation in intestine tissue. Compared with the
control group, SA increased MDA levels, an essential
biomarker of lipid peroxidation, by approximately 1.7-
fold. The levels of SA-induced lipid peroxidation reduced
with CRV and approached those of the control group. The
therapeutic efficacy of the CRV doses of 25 mg/kg and 50
mg/kg was also statistically significantly different
(p<0.01).
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3.2. Effect of CRV on Enzymatic and Non-Enzymatic
Antioxidant Markers in SA-Induced Intestine Toxicity

In the study, it was determined that SA reduced the
activity of antioxidant enzymes relative to the control
group (p<0.001). In addition, GSH stores, an essential
antioxidant in the body, were found to decrease by
approximately 37% in response to SA treatment. This
indicates that SA causes oxidative stress in intestine
tissue. As contrast to the SA group, the CRV-treated
groups showed higher GSH levels and SOD, CAT, and
GPx activities that were closer to those of the control
group (p<0.001). In addition, there was a statistically
significant difference between the 25 mg/kg and 50 mg/kg
doses of CRV for CAT and GPx (p<0.001, p<0.01,
respectively). Table 2 presents the data for enzymatic and
non-enzymatic indicators in intestine tissue.

3.3. Effect of CRV on Nrf2 and HO-1 in SA-Induced
Intestine Toxicity

In addition to biochemical analyses, the mMRNA
expression levels of Nrf-2 and HO-1 were measured to
further clarify the oxidative stress state. According to the
obtained results, the expression levels of Nrf-2 and HO-1
in rats administered SA were lower than those in the
control group (p<0.001). It was found that CRV co-
administration reversed this expression decrease and
regulated the antioxidant defense mechanism. There was
a significant difference between low-dose and high-dose
CRV administration (p<0.05 and p<0.001, respectively).
Figue 1 shows the mRNA trancription levels on Nrf2 and
HO-1.
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Figure 1. The mRNA transcript level of Nrf2 and HO-1 in the intestine
of rats. All data were expressed as mean + SD. Statistical significance
(Control vs others: *p< 0.05, **p < 0.01, ***p < 0.001, SA vs others:
#p< 0.05, ##p < 0.01, ###p < 0.001, SA + CRV 25 vs SA + CRV 50:
Ap< 0.05, AAp < 0.01, AAAp < 0.001) was analyzed using One Way
ANOVA.

Table 2. Effect of CRV on oxidative stress biomarkers in SA-induced intestinal toxicity

Control CRV SA SA+CRV 25 SA+CRV 50
MDA (nmol/g tissue) 75,3 + 5,6 73,2 + 43" 126,1 8,7 110,0+6,6™ 83,8 + 6,37
GSH (nmol/g tissue) 6,2 + 0,5 7,0 £ 0,5 39+04™ 44+0,3" 53 +0,5"
CAT (katal/g protein) 25,1 £ 1,6" 23,7 + 1.4 12,9+ 0,97 152+1,07 21,2 4 1,27/H#AMA
SOD (U/qg tissue) 11,0 + 0,9 11,3 + 0,8 5,7+05"" 74+£07" 9,2+ 0,7
GPx (U/g tissue) 28,9 £ 1,6"* 27,6 = 1,7 134+1,07 18,5 £ 1,3%#™ 24,5 £ 1,27##AA

Statistical significance (Control vs others: *p< 0.05, **p < 0.01, ***p <0.001, SA vs others: #p< 0.05, ##p < 0.01, ###p < 0.001, SA + CRV 25 vs
SA + CRV 50: Ap<0.05, AAp <0.01, AAAp < 0.001) was analyzed using One Way ANOVA.
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3.4. Effect of CRV on Inflammation in SA-Induced
Intestine Toxicity

Real-time PCR was used to determine the NF-«xB and IL-
1B mRNA transcript levels in intestine tissue to determine
the inflammation. Analysis of mMRNA transcripts revealed
that NF-kB and IL-1P increased considerably in the SA
group compared to the control group (p<0.001 for both).
The levels of NF-kB and IL-1p were decreased in the
CRV-treated group compared to the SA-treated group
(p<0.001 for both dosages). Figure 2 shows the mMRNA
transcript levels of NF-xB and IL-1p.
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Figure 2. The mRNA transcript level of NF-kB and IL-1B in the
intestine of rats. All data were expressed as mean + SD. Statistical
significance (Control vs others: *p< 0.05, **p <0.01, ***p < 0.001, SA
vs others: #p< 0.05, ##p < 0.01, ##Hp < 0.001, SA + CRV 25 vs SA +
CRV 50: Ap<0.05, AAp <0.01, AAAp < 0.001) was analyzed using One
Way ANOVA.

3.5. Effect of CRV on Apoptosis in SA-Induced
Intestine Toxicity

The degree of apoptosis in intestine tissue was determined
by analyzing mRNA transcript levels of Caspase-3 and
Apafl. According to the findings of mRNA transcripts,
Caspase-3 and Apafl levels in the SA group were 2.21
and 2.25 times higher, respectively, than in the control
group (Figure 3). With CRV co-administration, Caspase-
3 and Apafl transcript levels decreased compared to SA
alone (p<0.001). Evaluating the difference between the
two groups revealed that the 50 mg/kg dosage was more
effective than the 25 mg/kg dose (p<0.001).
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Figure 3. The mRNA transcript level of Caspase-3 and Apafl in the
intestine of rats. All data were expressed as mean + SD. Statistical
significance (Control vs others: *p< 0.05, **p <0.01, ***p <0.001, SA
vs others: #p< 0.05, ##p < 0.01, ###p < 0.001, SA + CRV 25 vs SA +
CRV 50: Ap<0.05, AAp <0.01, AAAp <0.001) was analyzed using One
Way ANOVA.

4. DISCUSSION AND CONCLUSION
Avrsenite is prevalent in the environment and is harmful to

virtually all body tissues; therefore, it is essential to focus
on alternative therapies to mitigate and avoid its effects
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[21, 22]. Recent research on the efficacy of natural
flavonoids against the toxicity of heavy metals suggests
that these compounds may be useful in mitigating and
avoiding the effects of arsenite. Arsenite exposure is
damaging to tissues in a variety of ways, some of the most
widely acknowledged of which include an increase in
ROS that leads to oxidative stress. Because ROS
contribute to the pathogenesis of arsenite toxicity, their
elimination should be one of the protective targets [23,
24]. A natural herb, CRV contains anti-inflammatory and
antioxidant properties [25]. However, it has not yet been
investigated for its possible protective effect against
arsenite-induced intestinal damage. This  study
investigated the anti-inflammatory, antioxidant, and
antiapoptotic effects of CRV on the SA-induced intestinal
toxicity of rats.

The initial line of defense against reactive oxygen species
damage is provided by enzymes like SOD, CAT, and
GPx. CAT and GPx break down hydrogen peroxide into
water and molecular oxygen, whereas SOD catalyzes the
transformation of superoxide radical into extremely
dangerous hydrogen peroxide and normal molecular
oxygen, which can cause persistent cell damage [26, 27].
Free radicals, peroxides, and heavy metals are just a few
examples of the ROS that may harm cells, and GSH is a
nonenzymatic antioxidant that protects against these
effects. GSH can become oxidized (GSSG) when it binds
free radicals, and the GSSG/GSH ratio is a significant
indicator of oxidative stress [28, 29]. MDA is an indicator
that membrane lipids have been damaged by oxidation,
which is strongly linked to the amount of lipid
peroxidation [30, 31]. It has been demonstrated that SA
inhibits the activity of antioxidant enzymes and causes
oxidative stress and lipid peroxidation [32]. This study
investigated the protective and beneficial effects of CRV
on SA-induced intestinal toxicity. It was found that SA
increased oxidative stress and decreased the antioxidant
system in intestinal tissue. On the other hand, it was
discovered that CRV reduced intestinal injury by reducing
the effectiveness of free radicals and activating the
antioxidant system. It was discovered that SA caused
oxidative damage by inducing an inverse relationship
between SOD, CAT, and GPx enzyme activity and MDA
concentrations in intestinal tissues. Alternatively, it was
discovered that CRV inhibits the deterioration of the
oxidant-antioxidant balance by scavenging free radicals,
resulting in a decrease in MDA levels by restoring
antioxidant enzyme activity and replenishing GSH
reserves.

The transcription factor NF-kB plays a crucial role in the
production of inflammatory cytokines and the onset of the
immune response in a variety of tissues [33-35]. In a
previous study, it was discovered that SA promotes
inflammation in tissues via triggering NF-xB activation
[36]. In the present study, it was shown that SA increased
NF-kB transcript levels in intestinal tissues, leading to
oxidative stress and tissue damage; CRV treatment given
in combination with SA decreased NF-xB transcript
levels and intestinal toxicity. The secretion of the
proinflammatory mediator IL-1B is decreased by
preventing the translocation of NF-kB to the nucleus. In
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the present study, an increase in IL-1p transcript levels
was found, and it was hypothesized that this was due to
an increase in NF-«kB gene expressions resulting from SA-
induced ROS production.

Cell death occurs naturally via a process called apoptosis
[37, 38]. However, tissue function becomes disrupted
when it develops excessively [39]. Apoptotic factors
Caspase-3 and Apafl play crucial roles in the apoptotic
process and are commonly used biomarkers for
determining apoptotic state. In our research, SA treatment
increased Caspase-3 and Apafl expressions. On the other
hand, it has been discovered that CRV may inhibit
Caspase-3 and Apafl expressions, thereby reducing
apoptosis. Similarly, a recent study showed that Caspase-
3 expression increased significantly after CRV
administration [6].

As a result, it was found that CRV had anti-oxidant, anti-
inflammatory, and anti-apoptotic effects in intestinal
toxicity induced by SA, decreasing ROS formation and
healing tissue and organ damage. It was therefore
determined that utilizing CRV as a supportive treatment
in SA toxicity would be beneficial.
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