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Anethole has possessed anti-inflammatory and antioxidant responses in numerous studies. Oxidative stress has a pivotal role in
the pathophysiology of colitis. -e current study is designed to determine the effect of anethole on acetic acid-induced colitis in
mice in view of its possible anti-inflammatory and antioxidant properties. In this study, 48 mice were grouped into 6 groups
(n� 8), and colitis was induced with 0.2ml of 7% acetic acid. Mice received intraperitoneally (i.p.) for 7 constant days normal
saline and/or anethole at doses of 31.25, 62.5, 125, and 250mg/kg, respectively. After treatments, the colon was dissected out, and
histopathological changes, expression of inflammatory genes (IL-1β, TNF-α, and TLR4), and evaluation of malondialdehyde
(MDA) levels and total antioxidant capacity (TAC) were assessed. -e results showed that colitis is associated with edema and
inflammatory responses in all layers and severe damage to the epithelium of the colon. Colitis causes a decrease in TAC, an
increase in MDA levels, and an increase in inflammatory genes in the colon. Findings determined that anethole ameliorated the
adverse effects of acetic acid-induced colitis in the colon. It is concluded that anethole, partially at least, possessed protective effects
in acetic acid-induced colitis in mice through attenuation of oxidative stress and inflammatory response.

1. Introduction

Inflammatory bowel disease (IBD) is linked with diarrhea,
fecal bleeding, abdominal pain, and additional colonic signs
such as weakness, joint pain, and weight loss [1]. Two major
forms of IBD are including ulcerative colitis (UC) and
Crohn’s disease (CD) [2, 3].

Abnormal immune response to commensal flora causes
over activation of the innate immune system [4]. In this
situation, neutrophils penetrated into the epithelium,
leading to production of proinflammatory intermediaries
such as cytokines, eicosanoids, and reactive oxygen species
[4]. -roughout the inflammatory response, activation of
toll-like receptors (TLRs) leads to creation of proin-
flammatory cytokines, including TNF-α and IL-1β in the
epithelium [5]. It has been well-found that colitis is linked
with increase in creation of lipid peroxidation products such
as MDA and free radicals [6].

Now, immunosuppressive and anti-inflammatory drugs
are commonly prescribed for management of IBD. -ese
medications are not effective in all patients; furthermore,
various side effects limit long time use of these drugs [7]. As a
result, researchers are seeking for effective and safe agents
for management of IBD. In this regard, in recent years,
herbal and natural compounds have been very much con-
sidered by researchers [8].

Medicinal plants and their active compounds have
various pharmacological effects, containing anti-inflam-
matory properties [9–13]. In this respect, earlier studies have
demonstrated that medicinal plants and natural products
diminished the inflammatory response in colitis [14–18].
Plenty evidence have exhibited that medicinal plants and
their natural compounds possessed antioxidant activities
[19, 20]. -ere are two anethole isomers in nature, including
Z (cis-anethole) and E (trans-anethole) [21]. Trans-anethole
is abundantly found in fennel, anise, and star anise, as well as
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in about 20 other plant species [22]. Preceding studies have
been described numerous pharmacological possessions for
anethole counting anti-inflammatory [23, 24], immune
modulatory [25], anticancer [26] neuroprotective [27],
wound healing [28], antidiabetes [29, 30], and skin protector
[31] effects. Few studies have stated that anethole or extracts-
contained anethole exerted protective effects in experimental
colitis [32, 33]. -ough, the particular mechanisms partic-
ipated in these effects remains unclear. -erefore, the cur-
rent trial is designed to assess the effect of anethole on acetic
acid-induced colitis in mice focusing its probable anti-in-
flammatory and antioxidant possessions.

2. Materials and Methods

2.1. Animals. 48 male NMRI mice were used for experi-
ments. Mice (weighing between 25 and 30 g) were bought
from Pasteur Institute (Tehran, Iran) and preserved in
customary laboratory environment (21–24°C, 12-hour light/
dark cycle, and free access to water and standard food).

2.2. Acetic Acid-Induced Colitis. To induce colitis, after one
day of fasting, by intraperitoneal injection of ketamine
(60mg/kg) and xylazine (6.67mg/kg), mice were sedated.
0.2ml of 7% acetic acid was administered intrarectally
(3 cm). Acetic acid was injected as a single dose. For the
control group, in place of acetic acid, mice were similarly
given 0.2ml of saline phosphate buffer [34].

2.3. Study Design. Mice were arbitrarily distributed into 6
groups (8 mice in each group). Group 1 was considered as
the control group (without induction of colitis), which re-
ceived normal saline (1ml/kg). In the groups 2–6, colitis
induced and normal saline (1ml/kg) or anethole (Sigma
Aldrich, St. Louis, MO, USA) at doses of 31.25, 62.5, 125, and
250mg/kg were administrated. Treatments were begun in-
traperitoneally (i.p.) one hour after the induction of colitis
and persistent for one week.

After treatments, mice underwent deep anesthesia and
euthanized with ketamine and xylazine. Colon tissues were
dissected out and placed on the ice-cold surface, washed in
PBS to eliminate fecal debris, and stored in formaldehyde for
histopathological assessment. Furthermore, some pieces of
colons tissues are directly engrossed in liquid nitrogen and
saved at −70°C for valuation of gene expression of inflam-
matory genes, including TLR4, IL-1β, and TNF-α. Fur-
thermore, malondialdehyde (MDA) levels and total
antioxidant capacity (TAC) were assessed in the colon
samples.

2.4. Histological Evaluations. Colon samples were dissected
out, washed in PBS, fixed in 10% formaldehyde and stable in
paraffin till processing. 5 μm slices were prepared from every
piece and set for staining with hematoxylin-eosin (H&E). 8
pieces from each group were considered for histopatho-
logical evaluations. In order to grading, from each sample,

five sections were evaluated. -e result of microscopic ex-
aminations was available based on the scoring system [35].

A blinded histopathologist examined sections in aspects
of epithelial damage, epithelium thickness, edema, and in-
filtration of inflammatory cells using a light microscope
equipped with a fitted Nikon camera.

2.5. Total Antioxidant Capacity (TAC)Assay. For dimension
of total antioxidant capacity in the colon samples, ferric
reducing/antioxidant power (FRAP) was used based on
formerly approved method [36, 37]. In short, this method
measured TAC by calculating the ability of reducing Fe3+ to
Fe2+ using the FRAP assay kit (Naxifer™, Iran). FeSO4 is
(100–1,000 μM) considered as a standard in FRAP assay.

2.6. Malondialdehyde (MDA) Assay. -e thiobarbituric acid
(TBA) assay kit (Navand Salamat, Iran) was used for
measurement of MDA levels. TBA reagent was mixed with
colon homogenates to yield colored mixtures according to
the manufacturer’s etiquette. After centrifugation, the ab-
sorbance of supernatants was measured at 532 nm. We
measured MDA concentrations based on the standard curve
[38].

2.7. Real-Time PCR Analysis. RNX-plus isolation reagent
according to the producer’s directions was used for RNA
extraction. RNA was computed using NanoDrop technol-
ogies. Real-time polymerase chain reaction (PCR) was
performed for measurement of differences in the mRNA
expression. After reverse transcription of mRNA with the
PrimeScript RT reagent kit (Takara, Japan) according to the
manufacturer’s instruction, the qRT-PCR test was complete
on a light cycler device (Rotor Gene Diagnostics) by the
SYBR Premix Ex Taq technology (Takara). -e thermal
cycling platform design was 95°C for 30 s, followed by 45
cycles of denaturation for 5 s at 95°C, annealing step for 15 s
at 60°C, and delay for 15 s at 72°C [39]. Melting curve
analysis was used to admit whether all primers yield a single
PCR creation. Beta 2-microglobulin (B2m) was amplified as
a normalizer. -e fold changes in expression of every target
mRNA were measured in comparison to B2m based on
2−ΔΔCt relative expression formula, as designated earlier by
Arabi et al. [37]. Table 1 presents the primer sequences.

2.8. Statistical Analysis. Statistical analysis was prepared
using version 21 of SPSS software. -e Kolmogor-
ov–Smirnov test was applied to evaluate the appropriateness
for normal distribution. One-way ANOVA analysis followed
by Tukey’s post-hoc test was performed for data (mean-
s± SEM) analyzing. P< 0.05 was deliberated as significant
differences among groups.

3. Results

3.1. Anethole Mitigated the Histopathological Changes fol-
lowing Colitis. As shown in Figure 1, edema, severe in-
flammation, inflammatory cell penetration, and injuries to
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the epithelium were noticed in the colitis group. We per-
ceived that administration of anethole in a dose-dependent
way diminished injury to the epithelium, penetration of
inflammatory cells, and edema.

3.2. Anethole Augmented the Antioxidant Capacity in Colon
Tissue. As shown in Figure 2, colitis meaningfully re-
duced TAC of colon tissue in comparison to the control
group (P< 0.001). Consequences showed that injection
of anethole at doses of 125 and 250 mg/kg meaningfully
augmented TAC of colon tissue in association with the
saline-received colitis group (P< 0.01 and P< 0.001, one-
to-one).

3.3. Anethole Declined the Malondialdehyde Level in the
ColonTissue. -e finding displayed that the level of MDA in
the colon samples meaningfully increased in the colitis
group in relationship to the control group (P< 0.001, Fig-
ure 3). Administration of anethole at doses of 31.25, 62.5,
125, and 250mg/kg pointedly diminished the level of MDA
in comparison to the colitis (saline-treated) group
(P< 0.001).

3.4. Anethole Condensed the Expression of Inflammatory
Genes in the Colon. Based on the results (Figure 4), the gene
expression of inflammatory mediators counting TNF-α, IL-

1β, and TLR4 noticeably amplified in the colitis group in
comparison to the control group (P< 0.05).

Injection of anethole at doses of 31.25 (P< 0.001), 62.5
(P< 0.05), 125 (P< 0.001), and 250mg/kg (P< 0.001)
meaningfully reduced the expression of TNF-α in rela-
tionship to the colitis (saline-treated) group.

Table 1: Primer sequences.

Primer Forward sequence Reverse sequence
B2m CTGCTACGTAACACAGTTCCACCC CATGATGCTTGATCACATGTCTCG
IL-1β GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
TLR4 ATGGCATGGCTTACACCACC GAGGCCAATTTTGTCTCCACA
TNF-α CTGAACTTCGGGGTGATCGG GGCTTGTCACTCGAATTTTGAGA

(a)

(b)

(c)

(d)

(e)

(f)

Figure 1: Illustrative features of histopathologic valuations delivered fromH&E-stained colon sections (in each figure, left side is in × 10 and
the right side in × 40 magnification). (a) Control. (b) Colitis. (c) Anethole at dose of 31.25mg/kg. (d) Anethole at a dose of 62.5mg/kg. (e)
Anethole at dose of 125mg/kg. (f ) Anethole at a dose of 250mg/kg.
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Figure 2: Total antioxidant capacity in the colon tissue. Data are
expressed as the mean± SEM (8 samples) and were analyzed by
one-way ANOVA followed by Tukey’s post-hoc test. ∗∗∗P< 0.001
in comparison with the control group and ##P< 0.01 and
###P< 0.001 in comparison with the colitis group (saline-treated).
Ane, anethole; TAC, total antioxidant capacity.
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In the case of the IL-1β gene expression, we found that
anethole at doses of 31.25 (P< 0.001), 125 (P< 0.001), and
250mg/kg (P< 0.01) considerably decreased the expression
of IL-1β in comparison to the colitis (saline-treated) group.

Findings showed that anethole at doses of 62.5
(P< 0.01), 125 (P< 0.001), and 250mg/kg (P< 0.001)
meaningfully reduced the expression of TLR4 in comparison
to colitis (saline-received) mice.

4. Discussion

In the current study, we established that the expression of
inflammatory genes and MDA level considerably increased
following colitis in the colon. In contrast, TAC significantly
diminished in the colitis group in comparison to the control
group. In histopathological appraisals, colitis was allied with
edema, damage to the epithelium, and infiltration of in-
flammatory cells. Discoveries have demonstrated that
anethole efficiently declined the abovementioned effects of
colitis in the colon tissue, indicating that anethole exerted
anti-inflammatory and antioxidant effects.

Prior research studies have validated that inflammatory
response and oxidative stress have crucial roles in the de-
velopment of colitis [4]. In colitis, damage to the epithelium
increases the uptake of bacterial endotoxins like LPS (li-
popolysaccharide) by the epithelium. TLR4 in the intestine
wall identifies these LPSs [40]. -e interface of LPS with
TLR4 activates a signaling flow, which leads to the activation
of NF-κB. -is phenomenon leads to creation of proin-
flammatory cytokines as well as TNF-α and IL-1β [41].
Ample indications have revealed that following colitis gene
expression of inflammatory cytokines increased in the colon
tissue [42, 43]. In this respect, clinical and preclinical re-
search studies have exhibited that overproduction of oxi-
dative stress indicators is involved in the pathophysiology of
colitis [44, 45]. -e presence of inflammation in mucosa
leads to peroxidation of lipids which increased the levels of
MDA and other markers of oxidative stress [41, 46]. It has
been well-established that total antioxidant capacity de-
creases in the colon following colitis [47, 48]. In agreement
with the aforesaid studies, we exhibited that the level of
MDA meaningfully increased and TAC significantly
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Figure 3: Malondialdehyde level in the colon in the experimental groups. Data are expressed as the mean± SEM (8 samples) and were
analyzed by one-way ANOVA followed by Tukey’s post-hoc test. ∗∗∗P< 0.001 in comparison to the control group and ###P< 0.001
comparison with the colitis (saline-treated) group. Ane, anethole; MDA, malondialdehyde.
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Figure 4: -e gene expression of inflammatory associated cytokines in the colon. Values are expressed as the mean± SEM (8 samples) and
were analyzed by one-way ANOVA followed by Tukey’s post-hoc test. ∗P< 0.05 in comparison to the control group and #P< 0.05,
##P< 0.01, and ###P< 0.001 in relationship to the colitis group (saline-treated). Ane, anethole.
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diminished in the colitis group. Additionally, we found that
colitis is associated with meaningfully increase in gene ex-
pression of inflammatory cytokines including TLR4, TNF-α
and IL-1β.

Various studies have verified that some of the natural
compounds, including caffeic acid [49], nerolidol [50], tricin
[51], and also alpha-ketoglutarate [52], were effective in
attenuating the inflammatory response in the colon fol-
lowing colitis. Trans-anethole is a phenylpropanoid struc-
ture which exist in the fennel, anise, and star anise plants
[53, 54]. -e anti-inflammatory, antioxidant, antimicrobial,
and anticancer possessions of anethole have been proven in
earlier published studies [55–58]. It has been shown that
anethole exerted anti-inflammatory properties in numerous
models of inflammatory states [55, 59–61]. Different studies
have showed that anethole had no chronic toxicity effects
(LD50 about 1820–5000mg/kg).-e doses used in this study
are much lower than LD50 stated in previous studies
[23, 28, 62]. Our consequences displayed that anethole
considerably decreased the level of MDA, increased the
TAC, and decreased the gene expression of inflammatory
cytokines including TLR4, TNF-α and IL-1β in the colon
tissue of the colitis group.

Numerous studies have established that intrarectal in-
jection of acid acetic induce experimental colitis in rodents
[63]. Colitis is associated with edema, damage to the colonic
epithelium, and permeation of inflammatory cells including
macrophages and neutrophils to the epithelium [63–65]. In
the present study of infiltration of inflammatory cells,
edemas in addition to epithelial lesions were observed in the
colon tissue. -e finding exhibited that anethole dose-de-
pendently reduced edema, epithelial damage, and infiltra-
tion of inflammatory cells to the colon tissue.

Few studies have verified a protective effect for
anethole or extracts-contained anethole in experimental
colitis; however, the exact mechanisms that mediated this
effect are unclear [32, 33]. In aspect of novelty of our
study, it is important to declare that anethole, partially at
least, through attenuation of oxidative stress (as decreased
in the level of MDA and increased in the TAC) along with
anti-inflammatory response (reduced gene expression of
inflammatory cytokines) reversed contrary effects of co-
litis. In the other word, we demonstrated that anethole via
its antioxidant and anti-inflammatory effects possessed
beneficial effects in attenuation of experimental colitis.
However, more studies are warranted to find more un-
derlying mechanisms participated in the effects of anet-
hole in colitis.

5. Conclusion

Generally, our finding confirmed that, possibly, anethole
through attenuation of oxidative stress as well as alleviation
of inflammatory response reduced the histopathological
deviations of experimental colitis in the colon tissue.
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