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ABSTRACT
: Background and Aim: Sciatic nerve injury is a common condition that can lead to significant
Article info: functional deficits. Although current treatments are effective in reducing symptoms, more
Received: 16 Jan 2023 effective and safer treatments are still required. In this research, the effect of trans-anethole (TA)

Accepted: 25 Apr 2023 was investigated on improving the sciatic nerve function in a rat model.

Available Online: 05 Aug 2023 : Methods and Materials/Patients: Twenty-eight adult male Wistar rats were divided into four
: groups. Animals were subjected to deep anesthesia. Then, to create a model of the sciatic nerve,
the right leg of the rats was compressed above the location of the trifurcation of the nerve. The
control and negative groups received saline. Trans-anethole 125 mg/kg and 250 mg/kg were
injected intraperitoneally into two groups of the sciatica model. Finally, muscle histological
changes were evaluated.

Results: The results indicated that the injection of TA improved motor recovery in rats. The highest
recovery rate was related to the dose of 250 mg/kg. The morphometric analysis suggested that
the number of fibers and the thickness of the myelin sheath were significantly higher in the group
treated with TA compared with the control group. An increase in muscle mass and a decrease in
: muscle atrophy were observed in the groups treated with TA compared with the negative control
Keywords: group.

Sciatic nerve, Trans-anethole, : Conclusion: These data showed that TA improves nerve damage and can be used as an option to
Peripheral nerve injuries improve inflammation-induced sciatica.
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¢ Trans-anethole (TA) improved the sciatic nerve function index.

 TA accelerates sensory recovery.

¢ TA reduced muscle atrophy.

¢ TA can be considered a therapeutic option for the improvement of nerve tissue.

Plain Language Summary

Sciatica is a common peripheral nerve disorder. One of the characteristics of sciatica is chronic pain that affects the
lower back and legs, and therefore, the person’s life. No definitive treatment for sciatica exists, but different chemical
drugs are used to treat sciatica. However, the use of herbal medicines and their derivatives can be effective. Trans-
anethole is a phytochemical compound with various properties, such as antioxidants, and anti-inflammatory, and can

be effective in improving sciatica.

1. Introduction

estoring the damaged nervous system is

considered a big challenge due to its com-

plex physiological system and limited re-

generation capacity [1]. The nerve fibers

of the severed nerve are regenerated by
themselves to a limited extent and with the formation
of scar tissue, but many injuries require nerve regen-
eration and surgery [2]. Many clinical researches and
experiments are being carried out to provide further
information for the use of plants in the prevention and
treatment of diseases [3]. Anise is a flowering plant in
the family Apiaceae. Its seeds contain essential oil and
protein. More than 90% of the main ingredients of es-
sential oil is Anethole, which is considered an estrogenic
active agent [4, 5]. Anethole, as a phenylpropanoid with
the chemical formula “C10H120”, has antioxidant, anti-
inflammatory, analgesic, antimicrobial, and anticancer
effects. Studies have shown that the antioxidant effect
of Anethole is due to its ability to separate free radicals
[6, 7]. Previous studies have reported the antioxidant ef-
fects of trans-anethole (TA) and its function in improv-
ing some diseases [8, 9]. In some studies, the therapeu-
tic effect of trans-anethole on central nervous system
disease has been observed [10]. According to a previ-
ous report, trans-anethole suppresses the growth and
proliferation of human prostate cancer cells through
cell cycle arrest and apoptosis [11]. Recent studies have
proposed that trans-anethole leads to inhibiting the
production or release of nitric oxide (NO) and prosta-
glandins (PGE2) levels [12]. Therefore, due to its broad
properties, especially the neuroprotective properties of

trans-anethole, in this research, the effects of trans-ane-
thole on the injury of the sciatic nerve were investigated
in rats.

2. Methods and Materials/Patients
Chemical and animals

Trans-anethole was purchased from Sigma Aldrich. A
total of 28 male Wistar rats weighing 250 to 300 g were
used. The rats were kept in special rat cages with free
access to water and enough food, a suitable tempera-
ture of 2242°C, and a 12 h light/12 h dark cycle. All ex-
periments were conducted between 8:00 AM and 12:00
PM. Ethical principles in all stages of the research were
carried out by the University of Mohaghegh Ardabili,
Iran (Code: IR.UMA.REC.1400.031).

Surgical procedures

Animals were deeply anesthetized by an intraperito-
neal injection of a mixture of ketamine/xylazine. First,
the hair on the thigh of the right leg was shaved. Then
by splitting the muscle layer with a surgical blade, the
sciatic nerve became visible. Afterward, a piece of the
nerve above the trifurcation of the sciatic nerve was
compressed for 20 s with locking forceps. After disinfec-
tion with betadine (10% povidone-iodine). Then, the
cut tissue was sutured. After recovery, each rat was kept
separately in special cages. To reduce the pain in rats un-
dergoing surgery, all rats were treated with buprenor-
phine (1 mg/kg) for two days after surgery. All opera-
tions were performed under sterile conditions [13].
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Treatment and animal group

Rats were grouped (n=7). The control and negative
control groups received saline. The other two groups
were injected with 125 mg/kg and 250 mg/kg trans-
anethole intraperitoneally for one week [14, 15].

Motor recovery evaluation

All groups were subjected to motor evaluation using
“walking track” tests once every two weeks on the day
before surgery and one week after surgery until the
eighth week. This quantitative method to analyze the
function of the hind limbs by examining the footprints
is known as the sciatic function index (SFl) [16]. In the
implementation of this test, the soles of both feet of
the rat were stained with ink. The animal was allowed
to move, then its gait was checked. Finally, after record-
ing three suitable footprints, the paper containing the
rat’s footprints was analyzed. SFI of all the rats was cal-
culated using Bain’s formula. The value of SFI varies be-
tween -100 and zero (the SFI of a healthy and normal
nerve is zero) where -100 indicates a general disorder.
Therefore, the closer the number is to zero, the better
the nerve recovery will be [17, 18].

Sensory recovery evaluation

Evaluation of sensory recovery was carried out using
the “hot plate” test once every two weeks on the day
before surgery and one week after surgery until the
eighth week. To perform this test, the operated leg of
the rats was placed standing on the metal surface of the
hot plate device, which was heated to a temperature of
54+1. The response of the rats was determined by lifting
the leg from the surface of the hot plate. The duration
of the reaction was recorded in seconds using a stop-
watch. To avoid tissue damage, the test cutoff time was
10 [19].

Histomorphometric analysis

For histomorphometric analysis, a piece of the injured
nerve was isolated. Then it was fixed in 2.5% glutaral-
dehyde. Then secondary fixation was done with 1% os-
mium tetroxide. After dehydrating the tissue samples
in ethanol, the samples were embedded in resin. Then
they were stained with toluidine blue (1%) to prepare
semi-thin sections (1 um). Finally, they were evaluated
using a light microscope. The samples were randomly
selected and measured using ImageJ software to mea-
sure the main morphological parameters, including the
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number of myelinated fibers, myelin sheath thickness,
and fiber diameter [20].

Histological evaluation of gastrocnemius muscle

Sampling was done from both legs to examine the his-
tological changes in the gastrocnemius muscle. For eval-
uation, 10 um transverse sections were prepared from
the middle part of the muscle ventricle. Then Masson’s
trichrome staining was used according to standard meth-
ods. The dimensions and number of muscle fibers and
the presence of fibrous connective tissue between mus-
cle fibers were examined using a light microscope [20].

Gastrocnemius muscle mass

At the end of the studies, the gastrocnemius muscles
of the right and left legs were isolated in all groups and
weighed using a digital Yamato scale (China). Finally, the
gastrocnemius muscle weight ratio for each rat was cal-
culated based on the ratio of the weight of the operated
leg muscle to the intact leg muscle [21].

Statistical methods

Data were analyzed using SPSS software, version 23
and one-way analysis of variance (ANOVA) to evaluate
the difference between groups. Tukey’s test was used to
check the significant difference between groups. P<0.05
were considered as the minimum level of significance.
All data were expressed as Mean+SEM.

3. Results
Motor recovery evaluation

The values of SFl in all the tested groups decreased sig-
nificantly in the second week, which indicated a motor
disorder in rats (P<0.05). During the fourth, sixth, and
eighth weeks, the SFl in the TA-treated groups increased
compared with the negative control group, but the in-
crease was not statistically significant (Figure 1).

Sensory recovery evaluation

All the tested groups showed a significant drop in sen-
sory function in the second week after surgery (P<0.05).
But gradually, in the fourth, sixth, and eighth weeks, re-
covery in sensory function was observed in all groups. In
total, the groups treated with TA had a greater recovery
in sensory function than the negative control group, and
this rate was higher in the high dose (P<0.05) (Figure 2).
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Histomorphometric analysis

Analysis of these results manifested that in the groups
treated with TA compared with the negative control
group, at the end of the eighth week after surgery,
the morphometric parameters increased significantly
(Table 1 and Figure 3). The results of the morphometric
examination also revealed that the number of myelin-
ated fibers in all groups was higher than the control.
The increase in the number of fibers in the group receiv-
ing 250 mg/kg of TA was significant compared with the
negative control (P<0.05). The thickness of the myelin
sheath in the negative control group and in the group
receiving 125 mg/kg was significantly reduced com-
pared with the control group. No significant difference
was observed in the thickness of the myelin sheath in
the group receiving 250 mg/kg compared with the con-
trols. The increase in the thickness of the myelin sheath
in the group receiving 250 mg/kg of TA was significant
compared with the negative control.

Examination of muscle histology

The gastrocnemius muscle sections were stained with
Masson’s trichrome to evaluate the amount of muscle
atrophy. Then, the samples were examined by a light
microscope. The results presented that in the groups
treated with TA compared with the negative control
group, the rate of muscular dystrophy was lower and

Sciatic Fun ction Index (SFI)

-100 _|

-120
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the rate of muscle recovery was higher. Furthermore,
more fibrous tissue was formed in the negative control
group than in other groups, which indicated more mus-
cular dystrophy. In the group receiving a higher dose of
TA (250 mg/kg), more muscle recovery was observed
(Figure 4).

Investigation of gastrocnemius muscle mass

It was found that the ratio of muscle mass in negative
control rats had a significant decrease compared with
the controls. The ratio of muscle mass in rats treated
with 250 mg/kg of TA was significantly higher than that
of the negative group (P<0.05). However, the increase
in muscle mass in rats receiving 125 mg/kg TA was not
significant compared with the negative control group
(Figure 5).

4. Discussion

Peripheral nerve injury (PNI) isa common disease that
leads to sensory impairment and reduced motor func-
tion in the injured patient. About one-third of all PNIs
show incomplete nerve recovery and poor functional
outcomes, including the loss or partial recovery of mo-
tor, sensory function, chronic pain, muscle atrophy, and
severe weakness. As a result, loss of normal organ func-
tion may result in lifelong complications and permanent
disability [13]. Following the nervous system injuries, a

[ Control

[ Negative Control
125 mg/kg TA
[ 250 mg/kg TA

Weeks 0 Weeks2  Weeks 4 Weeks 6 Weeks 8

Figure 1. The sciatic function index (SFI) in different weeks after surgery

Data are presented as Mean+SEM (P<0.05). * compared with control.
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Table 1. Morphometric analyses of the distal part of the nerve in the eighth week following surgery

MeantSEM
Groups
Number of Fibers  Diameter of Fibers (um) Diameter of Axons (um) Myelin Sheath Thickness (um)
Control 5483+18 5.02+0.02 3.14+0.07 1.88+0.03
Negative control 6140+11 3.14+0.1 2.73+0.1 0.41+0.11"
TA 125mg/kg 5711+17 3.3440.12 2.66+0.09 0.68240.2°
TA 250mg/kg 6859+21" 4.01+0.21° 2.97+0.04" 1.04+0.03%

Abbreviations: TA: trans-anethole.

*Compared with control group, & compared with negative group

series of events, such as increased oxidative stress, in-
flammation, and the spread of damage occur, which can
lead to damage to mitochondria, protein degradation,
and cell apoptosis. Therefore, any method that can pro-
tect nerve cells from these damages can be effective in
improving the recovery process [22, 23].

Ryu et al. reported that TA protects cortical neurons
against glucose/oxygenation by activating the N-meth-
yl-D-aspartate (NMDA) receptors and reducing free
radicals. TA also reduces mitochondrial membrane de-
polarization. Hence, the neuroprotective effect of TA

[ Control

[l \egative Control
[ ]125mg/kg TA
I 250 mg/kg TA

Time (S)

Weeks 0

Weeks 2

Figure 2. Sensory recovery test

Weeks 4

can be due to its ability to inhibit excitotoxicity, oxidative
stress, and mitochondrial dysfunction [24].

PNI causes the production of reactive oxygen spe-
cies and nitric oxide in axotomized neurons. Schwann
cells and macrophages in the injured nerve express
pro-inflammatory molecules, such as tumor necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1B), trans-
forming growth factor beta (TGF-B) and nitric oxide
synthases [25]. The anti-inflammatory effect of TA can
also be another crucial factor in improving sensory/mo-
tor function in this study. Currently, it is known that the
anti-inflammatory properties of Anethole are due to the

Weeks 6 Weeks 8

H[Ef; S

The hot plate test was carried out at 2, 4, 6, and 8 weeks after the operation in each experimental group. Data are shown as Mean+SEM,
(P<0.05). * compared with control group; & compared with negative group.
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Figure 3. Image of tissue sections
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Tissue samples were stained with toluidine blue. Images were taken with a light microscope, at a magnification of x400. The images are
respectively (A) control, (B) negative control, (C) trans-anethole (TA) 125 mg/kg, and (D) trans-anethole (TA) 250 mg/kg.

modulation of ion channel function, reducing histamine
and serotonin, and pro-inflammatory mediators, includ-
ing tumor necrosis factor-alpha (TNF-a) and nitric oxide
[9]. It seems that one of the vital factors that played a
role in improving the healing process in this research is
the antioxidant, anti-oxidative stress property of TA, its
ability to separate free radicals, and inhibition of pro-
inflammatory factors [6].

Figure 4. Image of gastrocnemius muscle section

Other research discovered that TA reduces the pro-
duction of reactive oxygen species. This phytochemical
compound reduces the expression of phosphoprotein
p53, caspase-3, caspase-9, Bcl-2-associated protein X
(BAX), and polymerase [11]. Therefore, in this research,
it is assumed that trans-anethole can improve sciatic
neurons by reducing the production of reactive oxygen
species and inhibiting the apoptosis pathway.

Tissue samples were stained with Masson’s trichrome. Images were taken with a light microscope, at a magnification of x 400. The images
are respectively (A) control, (B) negative control, (C) trans-anethole (TA) 125 mg/kg, and (D) trans-anethole (TA) 250 mg/kg.
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Control

Figure 5. The comparison of muscle mass ratio 8 weeks after surgery

Negative Control

125 mg/kg TA 250 mg/kg TA

D

1INs

Data are shown as meantSEM, (P<0.05).* compared with control group, & compared with negative group.

5. Conclusion

The results specified that a one-week injection of TA
into rats caused a faster recovery. Improvement was
observed in the group that received a higher drug dose
(250 mg/kg) than the other group (125 mg/kg). It seems
that the concentration of 125 mg/kg TA was not enough
to improve sensory and motor performance. The results
of our study confirmed the neuroprotective effects of
TA as a new drug. However, further studies are recom-
mended to confirm our findings.
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