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ABSTRACT

Foeniculum vulgare (fennel) belong to Apiaceae fafmas been used in traditional medicine for mamgrapeutic
purposes. The aim of this study was to overviethésapeutic effects than its nutritive and indigdteffects. This
review article was carried out by searching studire®ubMed, Medline, Web of Science, and IranMetigabases
.The initial search strategy identified about lldfarences. In this study,39studies was acceptedufdher

screening and met all our inclusion criteria [in @ish, full text, therapeutic effects of Foeniculumigare L and
dated mainly from the year &9 to 2056.The search terms were “Foeniculum vulgare L.”, étlapeutic
properties”, “pharmacological effects”. It is commty used for its anti-bacterial, anti-fungal, antsrobialand

antimycobacterial, antioxidant effects. It was stmide good for insomnia and dyssomina. Foenicululgare | is a
rich plant .although in many studies, its anti-noioial activities were confirmed, more studies ai#t seeded to
verify its potent effect.

Keywords: Foeniculum vulgare L.,Phytochemicals, Therapeusiffects, Pharmacognosy, Alternative and
complementarymedicine.

INTRODUCTION

Foeniculum vulgare (fennel) belong to Apiaceae farhas been used in traditional medicine for a widege of
ailments related to digestive, endocrine, reprddactand respiratory systems. Additionally, it iscaused as a
galactagogue agent for lactating mothers. Findbeged on their traditional uses and scientific @at@dn indicates
that Foeniculum vulgare remains to be the most lyidsed herbal plant [1]. It has been used for nibem forty
types of disorders. Compiled data indicate theicafy in several in vitro and in vivo pharmacologji properties
such as antimicrobial, antiviral,anti-infantile iwf2], anti-inflammatory [3], antimutagenic, antibutim [4, 5],
antinociceptive, antipyretic, antispasmodic, amndithbotic, apoptotic, cardiovascular, chemomodulgtor
antitumor[6], hepatoprotective, hypoglycemic, hypmlemic, and memory enhancing ,oesteogenic projértit
has antibacterial, antifungal, antiviral, antimyaoterial, and antiprotozoal activities [7-11]. lashantioxidant,
antitumor, chemopreventive, cytoprotective, hepattgetive, hypoglycemic, and oestrogenic activinesioxidant,
cytotoxic, anti-inflammatory, antimicrobial, brormdilatory, estrogenic, diuretic, lithontripic, gatagogue,
emmenagogue, antithrombotic, hypotensive, gasttegtige, hepatoprotective, memory enhancing aifl12-
17].
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Foeniculum vulgare has emerged as a good sourtmdifional medicine and it provides a notewortlasis in
pharmaceutical biology for the development/formolatof new drugs and future clinical uses. Phytocical
studies have shown the presence of numerous valegabipounds, such as volatile compounds [18, E8jofoids,
phenolic compounds, fatty acids, and amino acifis22].

Antibacterial activities

The antibacterial effect of the aqueous extractimedicinal plants of Apiaceae family includingvelgare was
investigated. An aqueous extract of the aerial pafrf-. vulgare inhibited the growth of Agrobacteniu
radiobacterpv. tumefaciens, Erwiniacarotovora, Bemonas fluorescens, and Pseudomonas glycineaagd@ous
extract of seed sample inhibited the growth of Ebtteccus faecalis, Staphylococcus aureus, Esclieeriiii,
Klebsiella  pneumonia, Pseudomona  aeruginosa, Salilaon typhi, Salmonella  typhimurium,
Shigellaflexneri, and Bacillus cereus with 13-22+-24, 14-24, 20-21, 21-24, 11-12, 14-18, 17-18 2d4r@6mm
zone of inhibition, respectively [3, 4]. Gulfraz &t [92] investigated the antibacterial effecttioé essential oil as
well as ethanolic and methanolic fruit extractd-ofrulgare against Bacillus cereus, Bacillus megatg Bacillus
pumilus, Bacillus  subtilis, Escherichia  coli, Kledll|a  pneumonia,  Micrococcus luteus, Pseudomonas
putida, Pseudomonas syringae, and Candida albicans.

Shrivastava and Bhargava investigated the antibatteffect of the crude, chloroform, and methaegtract of
leaves and flowers of F. vulgare along with Rapkansativus and Brassica nigrum against Escherichia
coli and Staphylococcus aureus. Methanol extractfl@fver of F. vulgare showed significant activitygaanst
Escherichia coli, whereas crude and chloroform aet&r failed to exhibit antimicrobial activity
against Staphylococcus aureus (Table 9). Amongdifit tested bacterial strains, the methanoli¢ éxiract of F.
vulgare inhibited the growth of Staphylococcus asrand Bacillus pumilus with 11.27 and 12mmh zone of
inhibition, respectively.

The characterization of seven different types ofgexated monoterpenes, from methylene chlorideecexdract
of F. vulgare suggested that the crude extractaioiny monoterpenes could be a new medicinal resofor
antibacterial agents.

A total of 78 compounds were identified from theiae antimycobacterial fraction of F. vulgare witte help of
gas chromatography-mass spectra (GC-MS). Out sktheventy compounds were tested against one isenszitd
three MDR strains of Mycobacterium tuberculosisigsthe Alamar Blue microassay. Compounds that stlowe
some degree of antimycobacterial activity againbtstains tested were the following: linoleic ac{iC
100pg/mL), oleic acid (MIC 10@g/mL), 1, 3-benzenediol (MIC 100-2@@/mL), undecanal (MIC 50-
200ug/mL), and 2, 4-undecadienal (MIC 254%/mL). 2, 4-Undecadienal was the most active comgaagainst
multidrug resistant M. tuberculosis species. Thig dietary intake of F. vulgare may lower the rigkM.
tuberculosis infection.

Anti-viral activity

the antiviral activity of the essential oil of ftusample of F. vulgarealong against the DNA virespés
simplex type-1 was studied. Most of the oils andnpounds displayed strong antiviral effects agait&y-1,
ranging between 0.8 and 0.02%mL. However, the samples tested were less effe@gainst PI-3, with results
ranging between 1.6 and g@/mL. Only the essential oils of Anethum graveoleRseniculum vulgare (fully
mature), Mentha piperita, Mentha spicata, Ocimumutiflorum, Ocimum vulgaris, and Sature jacuned#oli
inhibited this virus significantly.

The scolicidal effects of amphotricin B, Silver waparticles, Foeniculum vulgare Mill, essential aild hypertonic
saline against protoscoleces of hydatid cyst oninamitro model was examined. The results indicateebk

scolicidal activity of AmB and Ag-NPs; whereas Rilgare essential oil had potent scolicidal actidiyainst

protoscoleces of hydatid cyst that revealed thermi@l of F. vulgare as a natural source for trepction of new
scolicidal agent for use in hydatid cyst surgergwidver, further studies will be needed to confilrese results by
checking the essential oil and its active compoiretite in vivo model [22].

Anti-fungal activity
The antifungal effects of FSEO were investigatemhfrvaried aspects, such as MIC and minimum fungicid
concentration, mycelia growth, spore germinatiod biomass. The results suggested that the antifumgehanism
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of FSEO was to damage the plasma membrane andehirdar organelles. Further study revealed thabitld also
inhibit the mitochondrial enzyme activities, suchiccinate dehydrogenase, malate dehydrogenasaTatake.
With better antifungal activity than the commonlged antifungal agents and less possibility of imyiarug
resistance, FSEO could be used as a potentialeamtédophyticagent [23].

In an in vitro study, fungal and aflatoxin contaation in stored tobacco leaves and the potentidaghniculum
vulgare (fennel) seed essential oil (EO) as a gtased preservative in protection of tobacco dustogage was
examined and it showed that the fennel EO canltbudsrmulated as a plant-based preservative fat ftwons [24].

the antibacterial and antifungal effects of Foehiou vulgare, Mentha spicata, and Rosmarinus offishwas
investigated against Staphylococcus aureus, Esthericoli, Klebsiella pneumonia, Pseudomona aensgin
Staphylococcus epidermidis, Candida albicans, ahgtopathogenic molds, Aspergillus niger and Fusariu
oxysporum. Essential oil of F. vulgare showed digant antifungal activity against the food spogafungi
Aspergillus niger and Fusarium oxysporum and masehmportant applications as food additives. The&Chblues
of F. vulgare essential oil were 2p@/mL for Fusarium oxysporum and 7p@/mL for Aspergillus niger.

In an in vitro study, aqueous and alcoholic seddaets of F. vulgare exhibited inhibitory effectagmst Alternaria
alternata, Mucorrouxii, and Aspergillus flavus tdrestingly, aqueous seed extract of F. vulgarevedostrongest
antifungal activity as compared to reference fuinlgicagent, that is, griseofulvin.

Anthelmintic activity

The in vitro antischistosomal activity and cytotxéffects against V79 cells of the essential oiFof/ulgare was
investigated. This plant displayed moderate inoviichistosomicidal activity against adult S. mamsearms,
exerted remarkable inhibitory effects on the egegetigoment, and was of low toxicity[25].

Antimicraobial activity

The chemical composition and antimicrobial activfyessential oils obtained by hydrodistillationrr fruits of six
fennel accessions collected from wild populatiossuoring in the centre and south of Portugal waanered.
Escherichia coli ATCC 25922; Morganellamorganii LB8; Proteus mirabilis LFG 04; Salmonella enteistid=G
05; S. entiritidisserovar typhimurium LFG 06 anc&e&gomonas aeruginosa ATCC 27853 by the disc diffuagar
method; the minimal inhibitory concentration (MI®as determined[14].

The composition and antifungal effect of volatilracts obtained from the aerial parts of Sardiméd fennel was
investigated. The essential oil was more activersgjaCandida albicans, whereas the supercriticad fextract
possesses higher activity against Candida guilladin@nd Cryptococcus neoformans, with MIC valué0@32
puL/mL[26].

The anticoccidial effect of Artemisia annua and rioelum vulgare on Eimeriatenella infection wasestigated.
The effects of A. annua and oil extract of A. anruk. vulgare on E. tenella infection were assedsedlinical

signs, mortality, fecal oocyst output, faeces,desicore, weight gain, and feed conversion resuiggiest that A.
annua leaf powder (Aa-p), at 1.5% of the daily diest-infection, can be a valuable alternative ggnthetic
coccidiostats, such as lasalocid [27].

In an animal study, a fatal nitrate toxicities iattte associated with the consumption of fennelsefifculum
vulgare) was reported. The fennels were grown polluted area of the Campania region in southeaty land
distributed in a public market for human consumptidhe waste from the sale of the fennels wasdetié cows.
The accumulation of nitrates in some vegetablegpasrisk not only for animal health but also fontan and
environmental safety [28].

In vitro antifungal and antiaflatoxigenic activgie of Cymbopogonmartinii, Foeniculum vulgare, and
Trachyspermumammi essential oils were examineditesttbwed that C. martinii, F. vulgare, and T. anuité as
antifungals were found superior over synthetic @nestive. Moreover, a concentration of 5336.28/kg body
weight was recorded for LC50 on mice indicating ltthhe mammalian toxicity. In conclusion, the essaintiils from

T. ammi can be a potential source of safe natuweH fpreservative for food commodities contaminatinn
Aspergillusspecies [29].
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The effect of planting date and plant spacing dwail interactive effects on yield, yield componeaisl growth of
Fennel under irrigation was examined. Harvest inded thousand fruit weight was not significantljeafed by
planting date. Increase plant spacing to 30 cmdedore than 15% increase in fruit and biologideld, The early
planting date with 30 cm plant spacing resultedigher fruit and biological yield [30].

The chemical composition and biological activity tbE essential oils obtained from the leaves of tifterent
cultivars of Florence fennel cropped under thrdgegint fertilization treatments was examined. BEméimicrobial
activity expressed by assays on the examinedradisates an appreciable effect, generally higheGmam-positive
bacteria. The various samples of Florence fennallyaad did not show any results with FRAP test. DirPH test
showed a weak capacity of the samples to catclfréleeradicals from the solution, attributable teithcontent in
Anatole.[16]

Concentrations of nanosized TiO2 at 0, 5, 20, 80arsd 80 mg L(-1] with bulk TiO2 for phytotoxic astimulatory
effects on fennel seed germination and early grostige was determined. It was found that there aas
considerable response by fennel seed to nanosiZZ® resenting the possibility of a new approaclotercome
problems with seed germination in some plant sgegiarticularly medicinal plants [31].

pharmacological properties, toxicity and adversenés, and drug interactions of vulgare was revieaed brings
conclusive results about the use of this plant@mnpwomen and during pregnancy .the result shohegdttis better
not to use F. vulgare during pregnancy due to stsogenic activity. Because of inhibition of cytocme, the
pharmacokinetic parameters of drugs mainly metabedliby this isozyme may be affected by F. vulgame.
addition, a significant interaction between cyposficin and F. vulgare was demonstrated. The aiouwént paper
is to review [1].

Antimycobacterial effect of Foeniculum vulgare (Apeae) were tested against one sensitive andMiDé&estrains

of Mycobacterium tuberculosis using the Alamar Blmécroassay. Compounds that showed some degree of
antimycobacterial activity against all strains ¢estwere the following: linoleic acid, oleic acid, B-
benzenediol,undecanal, and 2,4-undecadienal, $h&déng the most active compound[32).

In an animal study, the efficacy of fennel seed haeblic extract (FSME) for its antioxidant, cytoimxand

antitumor activities was evaluated. It was foundttRSME may reduce oxidative stress and protectsmaells
from damage caused by reactive oxygen speciesdditian, it could be used as a safe, effective, andily

accessible source of natural antioxidants to imgithe oxidative stability of fatty foods during sige. FSME also
exhibited an antitumor effect by modulating lipidrpxidation and augmenting the antioxidant defesystem in
EAC-bearing mice with or without exposure to raidiaf33].

Essential oil of F. vulage showed significant amtiobial activities against some of microorganissesompared to
the methanolic and ethanolic extracts. The diameiEgrowth inhibition zone ranged from 14 tortn (including
the diameter of the disc rBm) with the highest inhibition zone values obsdrvagainst Bacillus
megaterium (3Inm) and Bacillus subtilis (2&m).

antimicrobial effect of the methanol, ethanol, kig¢tether, and hexane extracts of seed of F. valgas

investigated against two species of Gram negatageia (Escherichia coli and Salmonella typhi)p tspecies of
Gram positive bacteria (Bacillus cereus and Staplodcus aureus), one species of yeast (Candideanl) and
one species of mold (Aspergillusflavus). The resédbm the disc diffusion method, followed by measnent of

minimum inhibitory concentration (MIC), indicatechatBacillus cereus and Aspergillusflavus were thestm
sensitive microorganisms tested, showing the latigbeghition zones and the lowest MIC values. Leacttvity was

exhibited against Escherichia coli, with the snsllahibition zones and the highest MIC value.

Antioxidant activity

The effect of fennel and sage extracts and theenfie of the egg yolk source (fresh or pasteurisedhe success
of freezing boar epididymal spermatozoa was evathaResults showed that the interaction betweeneleand
sage antioxidants with fresh egg yolk significanmthproved post thaw sperm quality and protected epaidymal
spermatozoa from cryopreservation damage as & daidative stress [34].
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the anti-inflammatory and antioxidant effects ofigwrins isolated from F. vulgare in lipopolysacathar(LPS)-
stimulated macrophages and 12-O-tetradecanoylph@®acetate (TPA)-stimulated mice was assess&hi
demonstrated that Although four coumarins isolafemin the fruits of F. vulgare provide effective iant
inflammatory and antioxidant activities, imperatois most potent[34].

The effect of hydro-alcoholic extract of fennel some hematological indices in male rats was evatbiand it
showed that Fennel increased red and white bloltsl m@bably due to the presence of polyphenolsartxidant
activity of fennel and reduced negative effectfreé radicals on blood cells [35].

In an animal study, the anti-inflammatory effect§emnel in model of lipopolysaccharide (LPS)-inddcacute lung
injury was investigated. Fennel significantly arase-dependently reduced LDH activity and immunéroginbers
in LPS treated mice. Fennel effectively blocked iidammatory processes induced by LPS, by regujapiro-
inflammatory cytokine production, transcription tiais, and NO [36].

The antioxidant and hepatoprotective activitieshef methanolic extract as well as the ethyl acdtatgions of the
wild fennel was investigated. In addition, quatfion of the total phenolic content in the 80% maebl extract of
fennel wild and cultivated herbs is measured. Eselts obtained in this study indicated that thené (F. vulgare)
herb is a potential source of natural antioxiddmto phenolic compounds, i.e. 3,4-dihydroxy-phenktieyrohol-6-
O-caffeoyl$-D-glucopyranoside (A) and’ B -binaringenin (B) were isolated from the fenneldnlierb for the first
time[37].

In an animal study,therapeutic and antioxidanta$fef Uygur Herb Foeniculum Vulgare Mill (FVM) inepatic
fibrosis rats was evaluated and it was found tle@nkeulum Vulgare Mill declines liver inflammatioasponse, and
prevent the hepatic fibrosis progression,, this tmague to its effects of antioxidative results[38]

The effect of different concentrations of fennetled to the freezing extender on boar semen quaitity lipid

peroxidation after thawing were examined. It waidated that higher concentrations of fennel predusignificant
improvement in total motility.thus,it work in a daslependent manner to increase sperm viabilitycolrast, the
addition of fennel had no effect on acrosome intggir hypoosmotic swelling test (HOST) comparedhwihe

control [39).

CONCLUSION

In this study, firstly traditional usages of fenrald secondly its antioxidant, antifungal, antiroimal properties
were reviewed in detail. Foeniculum vulgare hasmbesed as an ethnic remedy for the cure of numendestious
disorders of bacterial, fungal, viral, and mycoksaiel origin. Several studies have been carriedinuhe past
validating its antimicrobial, antimycobacterialpdaantiviral potential .
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