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ABSTRACT

Since ancient times many countries have employed medicinal plants as part of traditional medicine. Anethole is a
substance found in various plants and has two isomers, cis-anethole (CA) and trans-anethole (TA). Currently, the
food industry extensively use anethole as an aromatic and flavoring component. Extensive scientific research are
warranted to provide scientific proof for the usage of anethole, given its widespread use and affordable price.
Preclinical studies have suggested several pharmacological effects for anethole including neuroprotective
properties. It has been determined that anethole through modulation of monoamines, gamma-aminobutyric acid
(GABA)ergic and glutamatergic neurotransmissions as well as its possible anti-inflammatory and antioxidative
stress properties affected central nervous system (CNS). In this concept previous studies have demonstrated
anxiolytic, antidepressant, antinociceptive, anticonvulsant, and memory improvement effects for anethole. To
fully understand its therapeutic potentials, more research are required to elucidate the precise mechanisms by
which TA and CA affected CNS. This review summarizes the current knowledge on pharmacological activities of
the anethole concentrating its neurological properties, and the possible mechanisms underlying these effects.
Various pharmacological effects which have been reported suggesting that anethole could be considered as a
potential agent for management of neurological disorders.

1. Introduction

Medicinal herbs have been used to treat illnesses since ancient times
(Jamshidi-Kia et al., 2017; Anand et al., 2022; Adhikari et al., 2021).
Herbal medicines and natural therapies are a safe and cost-effective
approaches to manage illnesses (Shaito et al., 2020; Zahra et al.,
2020). Traditional medicines have major role in the healthcare systems
of many nations. Despite development of chemical drugs, medicinal
plants and their active compounds are being considered by researchers
(Costa Font and Sato, 2024). Herbal medicine is more affordable for
patients and has fewer adverse effects than synthetic drugs
(Jamshidi-Kia et al., 2017; Barkat et al., 2021).

Fennel (Foeniculum vulgare Mill), a commonly used herbal remedy,
has been shown that exerted variety of pharmacological effects. It is
extensively used in traditional medicine for digestive, endocrine,
reproductive, and respiratory problems, and is especially valued for its
diuretic effects (Saddiqi and Igbal, 2011). This plant is rich from several
useful chemicals, including volatile compounds, flavonoids, and
phenolic compounds, which contribute to its pharmacological proper-
ties (adgujar SB et al., 2014). Anethole is one of the most common
chemicals found in the fennel. Anethole has two isomers including
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cis-anethole (CA) and trans-anethole (TA) (Fig. 1).

Anethole is an aromatic molecule found in many essential oils. It is
responsible for unique flavors of many other plants, including camphor,
magnolia blossoms, star anise (Illiciaceae), licorice (Fabaceae), anise myrtle
(Myrtaceae), and fennel (both in the botanical family Apiaceae). Essen-
tial oils in plants have two roles: protection and communication. It
protects host plants from harmful bacteria and prevents herbivorous
animals from eating the plant (Marinov and Valcheva Kuzmanova,
2015). Anethole is a clear, colorless amber liquid with a sweet anise-like
flavor (Marinov and Valcheva Kuzmanova, 2015). Because anethole can
conceal unpleasant odors, it is frequently used as a masking agent in
toilet soap, toothpaste, and mouthwash. It is used as a flavoring and
scenting addition in the food industry (Marinov and Valcheva Kuzma-
nova, 2015). Anethole has anti-inflammatory, antispasmodic, antiseptic,
carminative, diuretic, and analgesic effects because of its antioxidant
properties, and it is used to treat neurological disorders (Delaram et al.,
2011; Birdane et al., 2007). Although trans-anethole is the dominant
isomer in nature, most studies on anethole’s effects do not explicitly
differentiate between its isomers. The current study set out to assess
anethole’s effects on the neurological system in accordance with its
significance as a natural component. Various pharmacological effects
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Fig. 1. chemical structure of (a) TA and (b) CA.

which have been reported suggesting that anethole could be considered
as a potential agent for management of neurological disorders. Table 1
presents experimental studies investigating the properties of anethole.

2. Methods

Up until April 1, 2024, comprehensive search were undertaken in
reputable academic databases such as ScienceDirect, Scopus, EBSCO,
Medline, PubMed, Embase, SID, and Iran Medex to investigate anethole,
its neurological effects, and its pharmacological effects. In this literature
review we conducted search using specific keywords including anethole,
trans-anethole, cis-anethole, neurological disorders, neuroprotective,
neuroinflammation, oxidative stress, anticonvulsant, seizure, pain,
nociception, anxiety, depression, brain, behavior and memory.

3. Anti-oxidant activity of Anethole

Oxidative stress is a risk element that raises the oxidation of lipids in
the central nervous system (CNS), ultimately resulting in tissue damage
(Al Rouq and El Eter, 2014). Anti-oxidants act as radical scavengers,
inhibit lipid peroxidation and other free radical-mediated harmful pro-
cesses, and may protect the body from oxidative injury (Abeed et al.,
2023a, 2023b). Due to their perceived carcinogenic potential and safety
issues, the use of synthetic anti-oxidants in foods should be discouraged
(Felter et al., 2021). On the other hand, plant-based anti-oxidants are
apparently safer than synthetic ones (Noreen et al., 2024). They have
been shown to reduce the risk of oxidative damage in the brain, thereby
reduce the likelihood of developing neurological disorders (Ghaemi
et al., 2004).

There are several approaches to evaluating TA’s anti-oxidant activ-
ity. It should be noted that there is no accurate and reliable measure-
ment method to measure the antioxidant capacity of extracts. Anti-
oxidant properties of TA has been assessed using the 1,1-diphenyl-2-pic-
rylhydrazil (DPPH) radical scavenging assay, focusing on its ability to
donate hydrogen and neutralize free radicals (Freire et al., 2005).
Another study used 2-thiobarbituric acid reactive substances (TBARS) as
an indicator to determine how well essential oil including anethole re-
duces lipid peroxidation (Nagababu and Lakshmaiah, 1994). The metal
chelating assay was used to determine how well some commercial
essential oils can chelate metal ions to prevent metal-accelerated
oxidation processes (Lal et al., 2022). The free radical method de-
pends mainly on assessing anethole’s ability to neutralize free radicals
created by various chemical reactions. In this regards, numerous articles
have shown anti-oxidant capacity of star anise, anise myrtle, camphor,
fennel, guarana, licorice, and magnolia blossoms which are rich from
anethole (Kocak, 2024). Similarly, Noreen et al., using the ABTS assay
have demonstrated that flaxseed and fennel seeds, both containing TA
and very low CA, have good anti-oxidant activities (Noreen et al., 2024).
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It has been determined that Illicium verum essential oil which contain
high quantities of TA, has considerable anti-oxidant activity (Luis et al.,
2017). Dinesha et al., have discovered that an aqueous extract of
powdered Illicium verum has considerable anti-oxidant activity against
H202 and DNA damage (Dinesha et al., 2014).

Rostami-Faradonbeh et al., have found that TA significantly
increased hippocampus anti-oxidant capacity and decreased hippo-
campal malondialdehyde (MDA) levels in the maternal separation-
induced depressive-like behaviors in mice (Rostami-Faradonbeh et al.,
2024). It has been discovered that TA has neuroprotective characteris-
tics, preventing neuronal cell death owing to oxygen deprivation
through its anti-oxidant and anti-stimulant actions as well as its mito-
chondrial protection effects (Ryu et al., 2014). Previous studies have
clarified that TA considerably improved skin wound healing due to its
anti-oxidant capabilities (Cavalcanti et al., 2012). Furthermore, a study
on albino mice with pancreatic cancer revealed that anethole enhanced
survival time, lowered weight and tumor volume, decreased MDA levels,
and raised glutathione, indicating its free radical scavenging and sup-
pression of lipid peroxidation (Al-Harbi et al., 1995). Anethole’s prin-
cipal anti-oxidant abilities are due to three mechanisms: increased
antioxidant enzyme activity, free radical scavenging, and metal ion
chelation (Freire et al., 2005; Shahat et al., 2011). Aforementioned
studies have declared considerable anti-oxidant activity of anethole,
suggesting that anethole can be considered as a potential agents for
targeting oxidative stress- related disorders including neurological
diseases.

4. Anti-inflammatory properties of Anethole

Neuroinflammation negatively affects CNS leading to behavioral and
neurological disorders. In some cases, chronic systemic inflammation
may contribute to the development of neurodegenerative diseases
(DiSabato et al., 2016). Anethole’s anti-inflammatory qualities have
been extensively studied, lending credence to the substance’s potential
for treating inflammation-related disorders. Domiciano et al., have
found that anethole reduced pleural exudate volume, leukocyte migra-
tion, and nitric oxide (NO) and prostaglandin levels in rat model of
non-immune acute inflammation (Domiciano et al., 2013). It has been
determined that TA decreased inflammatory edema by reducing the
production of pro-inflammatory cytokines such as tumor necrosis factor
(TNF)-a, interleukine (IL)-1p, and IL-6 (Haddadi and Rashtiani, 2020).
Furthermore, TA has been demonstrated to have anti-inflammatory ca-
pabilities by reducing the activity of cyclooxygenase-2 (COX-2), an
enzyme involved in the creation of prostaglandins (Freire et al., 2005).

In a mouse model of chronic obstructive pulmonary disease (COPD),
anethole has been declared that decreased pro-inflammatory cytokines
and improved lung inflammation (Kim et al., 2017). TA has been dis-
played anti-inflammatory and anti-apoptotic effects in rat model of ce-
rebral ischemia-reperfusion injury, preventing brain damage (Saila and
Thakur, 2022). TA improved myocardial ischemia-reperfusion damage
by altering gene expression and lowering TNF-a levels (Matboli et al.,
2022). Additionally, TA showed promise in treating nonalcoholic stea-
tohepatitis (NASH), lowering hepatic steatosis, inflammation, and
fibrosis in diet-induced NASH in mice (Zhang et al., 2021). Several
studied have reported anti-neuroinflammatory effects for TA in animal
models of neurological disorders (Moradi Vastegani et al., 2023a; Yan
et al., 2022).TA has been found to protect against cerebral ischemia,
improve motor coordination, lower brain water content, and attenuate
excitatory mediators. It also significantly downregulated TNF- a, cas-
pase 3, BCL2 Associated X (BAX), and mitogen-activated protein kinase
(MAPK) expressions, thereby preventing cerebral ischemia-reperfusion
injury (Saila and Thakur, 2022). Although some studies revealed that
essential oils consisting cis-anethole (CA) have significant
anti-inflammatory effects, only one study particularly worked on CA and
has reported that cis-anethole and ibuprofen have a synergistic
anti-inflammatory effect (Wisniewski-Rebecca et al., 2015). All of these
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acetic acid as well as in the second phase of the formalin test and exerted antinociceptive
effect

Alleviated hyperalgesia, allodynia, and abnormal sciatic nerve conduction in mice.
Suppressed glial cell activation, down-regulated pro-inflammatory cytokines, and up-
regulated anti-inflammatory cytokines in chronic constriction injury (CCI)-induced
neuropathic pain

Possessed anti-inflammatory and analgesic properties in acute and chronic inflammation
pain

Table 1
Experimental studies investigating the properties of Anethole.
Authors properties year Findings Ref.No
Freire RS, et al. Antioxidant activity 2005 Scavengered and neutralized free radicals 20
Nagababu E, et al. 1994 Reduced lipid peroxidation 21
Lal M, et al. 2022 Chelated metal ions to prevent metal-accelerated oxidation processes 22
Rostami-Faradonbeh N, 2014 Decreased hippocampal malondialdehyde (MDA) levels 26
et al. 2014 Protected mitochondria against oxygen deprivation 27
Ryu S, et al. 1995 Decreased MDA levels and raised glutathione 29
Al-Harbi MM, et al.
Domiciano TP, et al. Anti-inflammatory 2013 Reduced pleural exudate volume, leukocyte migration, nitric oxide (NO) and prostaglandin 32
Haddadi R, et al. properties 2020 levels 33
Freire RS, et al. 2005 Decreased inflammatory edema by reducing the production of pro-inflammatory cytokines 20
Kim KY, et al. 2017 such as tumor necrosis factor (TNF)-q, interleukine (IL)—1f, and IL—6 34
Saila HM, et al. 2022 Reduced the activity of cyclooxygenase—2 (COX—2) 35
Matboli M, et al. 2022 Decreased pro-inflammatory cytokines and improved lung inflammation 36
Zhang C, et al. 2021 Prevented brain damage by anti-inflammatory and anti-apoptotic effects 37
Saila HM, et al. 2022 Improved myocardial ischemia-reperfusion damage by altering gene expression and 35
lowering TNF-a levels
Lowered hepatic steatosis, inflammation, and fibrosis in diet-induced nonalcoholic
steatohepatitis (NASH) in mice
Protected against cerebral ischemia via downregulating TNF- «, caspase 3, BCL2 Associated
X (BAX), and mitogen-activated protein kinase (MAPK) expressions
Dinesh D Antidepressant effects 2019, Inhibited brain monoamine oxidase-A (MAO-A), reduced oxidative stress, and reverse 41,
Dhingra D, et al. 2022 stress-induced increase in corticosterone levels 42,43
Hassanzadeh SA,et al. 2024 Modulated oxidative stress and nitrite imbalance in the hippocampus 26
Rostami-Faradonbeh N,
et al.
Ryu S, et al. Neuroprotective effects 2014 Inhibited excitotoxicity, oxidative stress, mitochondrial dysfunction and prevented ischemic 27
Moradi Vastegani S, et al. 2023 neuronal damage 44
Younis NS, et al. 2023 Modulated neuronal firing rate, improved blood-brain barrier (BBB) function in rotenone- 45
Chang W, et al. 2022 induced Parkinson’s disease in rats 46
Naseri Z, et al. 2023 Modulated c-Jun N-terminal Kinase (JNK), p38, matrix metalloproteinase (MMP)—2, and 47
Saila HM, et al. 2022 MMP-9, boosted BBB integrity, and reduced oxidative stress, neuroinflammation, and 35
Vastegani SM, et al. 2022 apoptosis against cerebral ischemia/reperfusion-induced brain damage and BBB 48
permeability leakage
Improved both N-methyl-D-aspartate (NMDA) receptor-dependent and -independent long-
term potentiation (LTP) in the hippocampus and reduced trimethyltin-induced LTP
impairment
Enhanced motor recovery and nerve regeneration in a rat model of sciatic nerve damage
Prevented brain ischemia-reperfusion injury by decreasing inflammation and apoptosis
Improved cognitive performance, raised pain threshold, and lowered oxidative stress in the
hippocampus In a Parkinson’s disease model
Alvarado-Garcia PAA et al. Anxiolytic effects 2022,2014  Alleviated anxiety-related behaviors in rodents 52,53,54
Miyagawa M, et al.
Mesfin M, et al.
Joshi H, et al. Raman S, Memory improvement 2006, Improved memory in animal models 55,56,57
et al. effects 2020, 2013
Koppula S, et al.
Ghasemi Z, et al. Anticonvulsant 2011 Influenced the activity of Ca® © channels and K*-activated Ca>" channels, changed cell 64
Salimian S, et al. properties 2022 membrane potential and neurotransmission in brain 65
Reduced oxidative stress
Moreira-Junior L, et al. Anti- neurodegenerative 2024 Decreased neuronal activity by blocking voltage-gated Na+ channels (VGSCs) in a state- 66
Joshi H, et al. diseases 2006 dependent way 55
Chang W, et al. 2022 Suppressed acetylcholinesterase activity in the Alzheimer disease 46
Rajan PD, et al. 2020 Improved long-term potentiation and reduced trimethyltin-induced synaptic plasticity 67
Vastegani SM, et al. 2023 deficits in Alzheimer disease 48
Moradi Vastegani S, et al. 2023 Displayed protective efficacy against 3-nitro propionic acid-induced neurotoxicity in 68
Yadollahi-Farsani Y, et al. 2024 Huntington’s disease 69
Lowered oxidative stress and neuronal death in the hippocampus and attenuated rotenone-
induced non-motor impairments in Parkinson’s disease
Reduced o-synuclein expression and oxidative stress, improved motor function, striatal
neuronal activity, and BBB integrity in rotenone-induced Parkinson’s disease
Boosted the expression of phosphoinositide 3-kinases (PI3K), protein kinase B (PKB), also
known as Akt, and the mammalian target of rapamycin (mTOR) genes in the hippocampus
thus reduced autistic-like behavior in mice
Vastegani SM, et al. Antinociceptive 2023 Increased thermal pain threshold, increased superoxide dismutase (SOD) and glutathione 48
Ritter AMV, et al. 2014 peroxidase (GPx) activities, decreased MDA levels, and increased brain-derived 70
Wang B, et al. 2018 neurotrophic factor (BDNF) expression in the hippocampus 71
Ritter AM, et al. 2013 Decreased the generation or release of inflammatory mediators in writhing model caused by =~ 72
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findings indicated anethole’s promising anti-(neuro) inflammatory
properties and highlight its potential in targeting inflammatory re-
actions as well as CNS-related neuroinflammatory disorders.

5. Antidepressant effects of Anethole

Numerous research have examined the plausible antidepressant
properties of anethole, elucidating its therapeutic potential for man-
aging of depression. TA’s antidepressant impact in animal models is due
to its capacity to inhibit brain monoamine oxidase-A (MAO-A), an
enzyme metabolizing monoamines, reduce oxidative stress, and reverse
stress-induced increase in corticosterone levels (Dinesh and Sudha,
2019). Evidences have revealed that TA had strong antidepressant-like
effects in both unstressed and stressed animals, potentially by inhibit-
ing brain MAO-A activity and the reduction of oxidative stress (Dhingra
and Sudha, 2019). Hassanzadeh et al., have studied the anti-depressant
efficacy of TA and its potential mechanism in mice. According to their
findings, the monoaminergic system is involved in TA’s anti-depressive
action (Hassanzadeh et al., 2022). Rostami-Faradonbeh et al., have re-
ported an antidepressant-like effect for anethole, they concluded that
anethole via modulating oxidative stress and nitrite imbalance in the
hippocampus exerted antidepressant-like effects in mouse model of
maternal separation stress (Rostami-Faradonbeh et al., 2024). Further
investigations are needed to determine full and exact mechanisms
involved in antidepressant properties of TA and CA. However, afore-
mentioned studies have opened a way for future researches to evaluate
neuroprotective effects of TA focusing on its antidepressant effects.

6. Neuroprotective effects of Anethole

Anethole has neuroprotective characteristics. It prevents neuronal
injury and supports brain health by lowering neuroinflammation and
oxidative stress, which critically are involved in development of
neurological disorders. A study on TA’s neuroprotection against oxygen-
glucose deprivation/reoxygenation-induced cortical neuronal cell injury
suggested that it via inhibition of excitotoxicity, oxidative stress, and
mitochondrial dysfunction possessed neuroprotective effect and thus
prevented ischemic neuronal damage (Ryu et al., 2014). It has been
demonstrated that anethole through modulating of neuronal firing rate,
improvement of blood-brain barrier (BBB) function as well as attenua-
tion of oxidative stress exerted neuroprotective effects in
rotenone-induced Parkinson’s disease in rats (Moradi Vastegani et al.,
2023a). Younis et al., have studied anethole’s neuroprotective effects
against cerebral ischemia/reperfusion-induced brain damage and BBB
permeability leakage. They concluded that TA modulated c-Jun N-ter-
minal Kinase (JNK), p38, matrix metalloproteinase (MMP)-2, and
MMP-9, boosted BBB integrity and reduced oxidative stress, neuro-
inflammation, and apoptosis (Younis and Mohamed, 2023).

TA has reported that improved both N-methyl-D-aspartate (NMDA)
receptor-dependent and -independent long-term potentiation (LTP) in
the hippocampus and reduced trimethyltin-induced LTP impairment
(Chang et al., 2022a). In a rat model of sciatic nerve damage, TA
enhanced motor recovery and nerve regeneration (Naseri et al., 2023).
Evidences have declared that anethole prevented brain
ischemia-reperfusion injury by decreasing inflammation and apoptosis
in the brain (Saila and Thakur, 2022). In a Parkinson’s disease model,
anethole improved cognitive performance, raised pain threshold, and
lowered oxidative stress in the hippocampus (Vastegani et al., 2023).
These aforementioned studies collectively indicated neuroprotective
benefits of anethole. The anethole’s capacity to control synaptic plas-
ticity and preserve neurons suggests that it could be used to treat a va-
riety of neurodegenerative disorders and nerve injuries.
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7. Anethole’s Interaction with gamma-aminobutyric acid
(GABA)

GABA is the CNS’s major inhibitory neurotransmitter. It controls
neuronal activity, mood, and anxiety. It has been proposed that TA
interacted with the GABAergic system, thereby altering its activity. Xu
et al., have determined effects of TA on trimethyltin chloride-induced
impairments in long-term potentiation (LTP). Their findings indicated
that TA may have neuroprotective benefits via altering GABAergic
signaling pathway (Chang et al., 2022b). Sahraei et al., have declared
that the essential oil of P. anisum attenuated the effects of morphine
through a GABAergic mechanism (Sahraei et al., 2002). An additional
investigation by Guedes et al., has looked into the mechanisms behind
TA’s anticonvulsant action. The study implied that TA interacted with
the GABAergic pathway (Da Guedes et al., 2022). Further researches are
needed to elucidate the effects of anethole on GABAergic
neurotransmission.

8. Anxiolytic effects of Anethole

Anxiety disorders are debilitating conditions marked by excessive
concern and fear. Given anxiety interaction with the GABAergic system,
anethole is being studied for its anxiolytic effects. Alvarado-Garcia et al.,
have studied the anxiolytic effects of Foeniculum vulgare essential oil, an
TA-rich oil. They concluded that anethole alleviates anxiety-related
behaviors (Alvarado-Garcia et al., 2022). Previous findings have
demonstrated that anxiety -like behaviors significantly attenuated
following treatment with TA in mice (Miyagawa et al., 2014). Mesfin
et al., have examined the anxiolytic efficacy of essential oil of the aerial
part of Foeniculum vulgare Miller in adult mice. They concluded that
anethole mediated anxiolytic-like effects of this oil (Mesfin et al., 2014).
Miyagawa et al., have reported their findings, looking into the
anxiolytic-like effects of TA in mice. The investigation confirmed that TA
has anxiolytic characteristics (Miyagawa et al., 2014).

9. Memory improvement effects of Anethole

The effect of fennel has been studies on memory function in rodents.
In this regards, various studies have determined that this plant, which is
rich in anethole, improved memory (Joshi and Parle, 2006; Raman et al.,
2020). Koppula et al., have examined the effects of fennel extract on
memory function in rats. This study indicated that this herb reduced
stress and stress-related disorders like memory dysfunction (Koppula
and Kumar, 2013).

10. Anticonvulsant properties of Anethole

Epilepsy is a chronic neurological disorder defined by spontaneous
repeated seizures with transient symptoms caused by aberrant, exces-
sive, or synchronized brain neuronal activity (Lowenstein, 2015;
Falco-Walter et al., 2018). The occurrence of epilepsy is linked to a
complex of neurotransmitter dysregulation involving glutamate,
acetylcholine, and GABA (Werner and Covenas, 2017; Patel et al.,
2019). Although the pathophysiology of seizures is not well understood,
a widely accepted premise is that glutamate, the primary excitatory
neurotransmitter, is overly produced and binds to its receptors, partic-
ularly NMDA and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA), resulting in seizures. In contrast, inhibitory interneurons
GABAergic slightly released inhibitory transmitter GABA (Mansour and
Ibrahim, 2015).

A study reveals that both TA and CA influenced brain excitatory/
inhibitory pathways (Boissier et al., 1967). Following these findings, it
has been proven that anethole can influence the activity of
Ca2 + channels and K+ -activated Ca2 + channels, which may be
related to changes in brain cell membrane potential and the subsequent
neurotransmission (Ghasemi et al., 2011). Salimian et al., have explored
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anethole’s anticonvulsant effects in the PTZ-induced seizure model in
male mice. The study results revealed that anethole’s anticonvulsant
effects could be mediated by reducing oxidative stress (Salimian et al.,
2022). However, additional extensive pharmacological investigations
are required to better understand the many pathways involved in anti-
convulsant properties of TA and CA.

11. Beneficial effects of Anethole in neurodegenerative diseases

According to several studies, anethole may have therapeutic promise
in neurodegenerative illnesses. Moreira-Junior et al., have demonstrated
that anethole decreases neuronal activity by blocking voltage-gated Na™*
channels (VGSCs) in a state-dependent way, with potential benefits in
neurodegenerative disorders (Moreira-Junior et al., 2024). Neurode-
generative illnesses, such as Alzheimer and Parkinson, are distinguished
by gradual neuronal death. Joshi et al., have studied the effect of fennel
extract on acetylcholinesterase and neurotropic factors in mice. The
results of their investigation revealed that fennel extract strongly sup-
pressed acetylcholinesterase. This study suggests that fennel could be
utilized to treat cognitive illnesses including dementia and Alzheimer
disease (Joshi and Parle, 2006).

In Alzheimer disease models, TA has been shown that improved long-
term potentiation and reduces trimethyltin-induced synaptic plasticity
deficits (Chang et al., 2022a). In Huntington’s disease, TA has been
displayed protective efficacy against 3-nitro propionic acid-induced
neurotoxicity (Rajan et al., 2020). In Parkinson’s disease models, anet-
hole has been confirmed that attenuated rotenone-induced non-motor
impairments such as cognitive impairment and pain sensitivity, while
lowering oxidative stress and neuronal death in the hippocampus
(Vastegani et al., 2023). In rotenone-induced Parkinson’s disease,
anethole reduced a-synuclein expression and oxidative stress, improving
motor function, striatal neuronal activity, and BBB integrity (Moradi
Vastegani et al., 2023b). Yadollahi-Farsani et al., have found that
anethole reduced autistic-like behavior in mice. They discovered that
anethole boosted the expression of phosphoinositide 3-kinases (PI3K),
protein kinase B (PKB), also known as AKT, and the mammalian target of
rapamycin (mTOR) genes in the hippocampus. The study concluded that
anethole, through an increase in the gene expression of PI3K/AKT/m-
TOR, reduced autistic-like symptoms induced by maternal separation in
mice (Yadollahi-Farsani et al., 2024).

12. Beneficial effects of Anethole in pain management

Anethole has been reported that exert analgesic characteristics. Pain
is a complicated sensory experience that is frequently connected with
nervous system dysfunction. A study by Vastegani and colleagues has
declared that chronic rotenone administration caused cognitive deficits,
reduced thermal pain threshold, decreased superoxide dismutase (SOD)
and glutathione peroxidase (GPx) activities, increased MDA levels, and
reduced brain-derived neurotrophic factor (BDNF) expression in the
hippocampus. They have determined that treatment with anethole
improved cognitive function and increased pain threshold, but
decreased MDA levels and increased surviving neurons in the hippo-
campus (Vastegani et al., 2023). Ritter et al., have discovered that
anethole has an antinociceptive effect in the writhing model caused by
acetic acid as well as in the second phase of the formalin test. This
impact could be attributed to a decrease in the generation or release of
inflammatory mediators (Ritter et al., 2014). Wang et al., have found
that anethole treatment significantly alleviated hyperalgesia, allodynia,
and abnormal sciatic nerve conduction in mice. They proposed that
suppressed glial cell activation, down-regulated pro-inflammatory cy-
tokines, and up-regulated anti-inflammatory cytokines are involved in
the antinociceptive effect of anethole in chronic constriction injury
(CCI)-induced neuropathic pain (Wang et al., 2018). Ritter et al., have
investigated the effects of anethole on two inflammatory pain models:
acute and chronic inflammation pain. Their study’s results
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demonstrated that anethole had anti-inflammatory and analgesic prop-
erties (Ritter et al., 2013).

13. Other pharmacological effects of Anethole

Anethole’s pharmacological characteristics are broad, highlighting
its potential for medicinal uses. While this review concentrates on the
compound’s neurological effects, its broader pharmacological activities,
such as antimicrobial, antitumor, and metabolic properties, serve as a
framework for understanding how it affects the nervous system. Studies
have shown that it is effective against bacteria such as Staphylococcus
aureus and fungus like Candida albicans (Kwiatkowski et al., 2020;
Dabrowska et al., 2021; Fujita et al., 2017). Furthermore, previous
studies have reported anticancer activity for anethole. It affects path-
ways such as NF-kB and caspase cascades affecting cell survival and
apoptosis (Chen et al., 2009; Choo et al., 2011; Jana et al., 2015). It has
been demonstrated that anethole has ability to improve metabolic pa-
rameters such as insulin sensitivity and reduce lipid metabolism
(Torghabeh et al., 2024; Song et al., 2020).

14. Conclusion

Anethole, a common component found in many herbs, has exerted
potential beneficial effects on the CNS disorders. Preclinical in-
vestigations have indicated that anethole has neuroprotective effects.
Evidences have determined that anethole through modulation of
monoamines, GABAergic and glutamatergic neurotransmissions as well
as its possible anti-neuroinflammatory and antioxidative stress proper-
ties possessed neuroprotective effects against neurological disorders. In
this concept previous studies have demonstrated anxiolytic, antide-
pressant, antinociceptive, anticonvulsant, and memory improvement
effects. This study evaluates anethole’s neurobiological properties
without isolating the contributions of its isomers. While TA dominates in
natural sources and literature, future research should explore the
distinct properties of CA to clarify its potential contributions.
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