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Introduction

Foeniculum vulgare commonly known as fennel belongs to the Apiaceae family. It
is a very popular traditional medicinal herb used by humans for a long time (He and
Huang 2011). Basically, fennel plant has been originated in the southern
Mediterranean region but cultivated throughout the world. Since ancient times
Egyptians, Indians, Romans and Chinese cultivated and used fennel in many ways.

Various research studies show that fennel is effective to control viral, bacterial,
fungal, mycobacterium and protozoal infections (Badgujar et al. 2014). For the relief
of spams and colic due to gas accumulation, gastrointestinal motility, menstruation
and lactation fennel was used since earlier time. Antitumour, chemopreventive, hep-
atoprotective, hypoglycaemic and antihirsutic properties of fennel are reported in
many studies (Cioanca et al. 2015). More recent studies suggest that fennel essential
oil can be used in controlling anxiety, depression and Alzheimer’s disease.

Fennel is used as a seasoning herb. In France and Italy, it is the crucial ingredient
in modern cuisine. Being aromatic, all parts are used in cooking. It is used to improve
the palatability of meat and fish dishes. And it can be used raw in salads and shakes,
as a spice, in herbal teas, as a mouth freshener, etc. (Lim 2013) (Figs. 1, 2, and 3).

Taxonomy

Kingdom: Plantae.
Division: Tracheophyta.
Subdivision: Spermatophytina.
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Fig. 2 (a) Fennel plant with finely divided foliage. (b) Compound umbel with mature flowers. (¢)
Fennel mericarps (seeds)
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Fig. 3 The molecular structures of the major bioactive essential oil components of fennel

Class: Magnoliopsida.
Subclass: Rosidae.
Order: Apiales.
Family: Apiaceae.
Genus: Foeniculum.
Species: vulgare.

Botanical Description

F vulgare is a bright green, erect, perennial herb which can grow up to 2 m tall. The
foliage is dissected, soft hairy-like dill leaves which cut into fine segments with the
length of about 40 cm.

The inflorescence is umbels producing on large branches with thirteen to twenty
yellow-colour ray flowers (Barros et al. 2010).

Typically, fennel fruits are greenish yellow, elliptical, elongated shape with verti-
cal ribs over it. The length of the fruit varies from 0.3 cm to 0.5 cm. Fennel can be
propagated by root fragments and reproduced by seeds as well.

Nutritional Value of Fennel

Dried F. vulgare fruit or seed is the most commonly edible part of the plant. These
seeds are commonly referred as fennel. It is sweet and often commercially available
in the dried state. According to USDA fennel seeds are rich in sodium, calcium,
potassium and phosphorus (Table 1). Besides this, it has abundant fibre and vita-
mins (USDA 2016).
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Table 1 Nutritional value of Nutrient Per 100 g

fennel (USDA 2016) Water 881 g
Energy 345Kcal
Protein 158 ¢
Total lipid (fat) 14.87 g
Carbohydrate 5229 ¢
Fiber, total dietary 398 g
Minerals
Calcium, Ca 1196 mg
Iron, Fe 18.54 mg
Magnesium, Mg 385 mg
Phosphorus, P 487 mg
Potassium, K 1694 mg
Sodium, Na 88 mg
Zinc, Zn 3.7mg
Vitamins
Vitamin C, ascorbic acid 21 mg
Thiamin 0.408 mg
Riboflavin 0.353 mg
Niacin 6.05 mg
Vitamin B-6 0.47 mg
Vitamin B-12 0pg
Vitamin A, RAE 7 g
Vitamin A, TU 135 1U
Vitamin D (D2 + D3) 0pg
Vitamin D 01U
Lipids
Fatty acids, total saturated 048 ¢g
Fatty acids, total monounsaturated |9.91 g
Fatty acids, total polyunsaturated 1.69 g
Cholesterol 0 mg

Phytochemical Constituents of Fennel

Fennel plant is endorsed by abundant bioactive phytochemicals. Essential oil, flavo-
noids, phenolic compounds, few secondary metabolites, etc. are accountable for the
pharmacological interests.

Essential Oil of Fennel

Essential oils of fennel are the cause of its flavouring properties. Essential oil con-
tent varies from geographical variations. Percentage of about 1.1-4.8% essential oil
is found in fennel.
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Table 2 Fennel essential oil Compound \Composition (%)
composition (%), obtained by
GC-MS (Anwar et al. 2009)

Monoterpene hydrocarbons

Limonene 5.10+0.10
B-Myrcene 0.87 £0.10
(z)-p-Ocimene 0.60 = 0.02
o-Pinene 0.55 £0.02
Sabinene 0.19 £ 0.04
a-Phellandrene 0.19 £ 0.02
y-Terpinene 0.16 £ 0.02
Camphene 0.13+0.03
B-Pinene 0.09 £ 0.02
(z)-p-Ocimene Trace (<0.05%)
p-Cymene Trace (<0.05%)
Oxygenated monoterpenes
Trans-anethole 69.87 £ 0.65
Fenchone 10.23 £0.20
Estragole 5.45+0.20
Fenchyl acetate (exo) 0.54 +£0.10
Fenchyl alcohole 0.40 = 0.04
Cis-anethole 0.27 £ 0.03
1,8-Cineol 0.23 £0.02
p-Anisaldehyde 0.19 £ 0.01
Fenchyl acetate (endo) 0.12+0.03
Sesquiterpene hydrocarbons

p-Caryophyllene 0.26 £ 0.00
Germacrene D 0.09 £ 0.00

Trans-anethole, methyl chavicol, fenchone and limonene are the prime essential
oil components of fennel with the respective percentage of 1.2-88.4%, 0.2-59.1%,
1.1-14.7% and 5.3—-15.7% (Bahmani et al. 2016).

Anethole is the most studied compound from fennel. It is an aromatic compound
present in the essential oil of fennel. About 70-80% of essential oil of fennel is
composed of anethole. It is clear, colourless liquid with very low solubility in water
but readily soluble in ethanol. It is 13 times sweeter than sugar having a distinct
sweet anise-like flavour (Chen 2014) (Table 2).

Flavonoids and Phenols of Fennel

Apiaceae members are rich in flavonoids and phenols, so as fennel. Farooq Anwar
et al. reported that the extract of fennel seeds contains 627.21-967.50 GAE, mg/mL
of total phenols, and the total flavonoid content is 374.88—-681.96 CE, mg/100 g.
Because of their pharmacological importance, various flavonoids and phenols are
isolated from fennel (see Table 3).
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Table 3 Phenolic compounds in fennel (Parejo et al. 2004)

S. No. | Phenolic compound S. No. | Phenolic compound
1 p-Hydroxybenzoic acid-O-glucoside 22 3-Caffeoylquinic acid (neochlorogenic
acid)

2 5-Caffeoylquinic acid (chlorogenic 23 Esculetin-O-glucoside (esculin)
acid)

3 1-Caffeoylquinic acid 24 3-Feruloylquinic acid

4 4-Caffeoylquinic acid 25 Isorhamnetin-O-dihexoside
(cryptochlorogenic acid)

5 Isorhamnetin-O-dihexoside 26 6, 8-C-dihexosylapigenin

6 4-Coumaroylquinic acid 27 5-Coumaroylquinic acid

7 5-Feruloylquinic acid 28 Quercetin-O-dihexoside

8 1-Feruloylquinic acid 29 Quercetin-O-dihexoside

9 4-Feruloylquinic acid 30 Quercetin-3-O-rutinoside (rutin)

10 Eriodictyol-7-O-rutinoside (eriocitrin) | 31 Luteolin-7-O-rutinoside

11 Quercetin-3-O-galactoside (hyperoside) | 32 Naringerin-7-O-rutinoside (narirutin)

12 Quercetin-3-O-glucoside (isoquercitrin) | 33 Kaempferol-3-O-rutinoside

13 Kaempferol-3-O-glucoside 34 Isorhamnetin-3-O-rutinoside

14 Quercetin-3-O-glucuronide 35 Luteolin-7-O-glucuronide
(miquelianin)

15 Isorhamnetin-3-O-galactoside 36 Isorhamnetin-3-O-glucoside

16 1,3-Dicaffeoylquinic acid 37 Dicaffeoylquinic acid

17 1,5-Dicaffeoylquinic acid 38 Kaempferol-3-O-glucuronide

18 Isorhamnetin-3-O-glucuronide 39 Rosmarinic acid

19 Apigenin-7-O-glucuronide 40 Acacetin-7-O-rutinoside

20 Acacetin 41 Kaempferol

21 Naringenin 42 Isorhamnetin

Pharmacological Importance of Fennel

Foeniculum vulgare has been used since a long time as a remedial herb for many
diseases. Many traditional herbal formulations contain fennel as a constituent. Even
today fennel is one among the extensively studied plant for its pharmacological
importance. Here we compile some of the uses of fennel in various disease, disor-
ders and human well-being (Table 4).

Antibacterial Activity of Fennel

Ample number of studies were carried out for provident evidence for the antibacterial
property of fennel and its components. Methanolic extract of fennel seeds and leaf
extract from different countries was tested for the antibacterial activity. Escherichia
coli, Staphylococcus aureus, Salmonella typhimurium and Bacillus subtilis were
used in this study to examine the effect of the extract. MICs ranging from 62.5
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Table 4 Anti-proliferative and apoptotic activity of fennel on various cancer cell lines
Cell lines IC50 Fennel extract References
MCEF-7 24.5 +0.08 pg/mL Methanolic extract of Zaahkouk
HEPG-2 28.7 +0.04 pg/mL fennel seeds et al. (2016)
HCT 116 59.8 +0.09 pg/mL
Hela 129.7 +2.05 pg/mL Acetone extract of aerial | Berrington and
Vero 85.37 £ 5.26 p/mL parts of fennel Lall (2012)
MCEF-7 5.78 £ 0.59 g/mL Methanolic extract of Mohamad
HEPG-2 27.96 + 0.54 g/mL fennel seed etal. (2011)
HT-29 41.87 +2.72 g/mL
H460 50.22 +3.03 g/mL
Hela 79.33 +£3.37 g/mL
U251 85 +2.54 g/mL
Eol 50 pg/mL 80 % Ethanolic fennel seed | Bogucka-
C8166 122 pg/mL extract Kocka et al.
145 150 pg/mL (2008)
WICL 155 pg/mL
ML1 300 pg/mL
H9 300 pg/mL
1301 300 pg/mL
HL60 300 pg/mL
U266 300 pg/mL
MCF-7 100 Ethanol extract of fennel | Lall et al.
HeLa 19.97 = 0.048 (2015)
SNO 100
DU145 56.41 +£0.28
Vero 100
V79 448.00 + 19.52 Essential oils extracted de Oliveira
BI16F10 112,78 + 13.74 from leaves of fennel et al. (2015)
MO59J 406.00 + 1.57
Normal human Non-efficient (but decrease | 50 % Ethanolic extract of | Sun et al.
dermal fibroblasts | in the ROS and LDH level) | fennel seeds (2016)
(UV irradiation)
4T1 50 pg/mL 80 % Methanolic extract of | Mansourabadi
fennel seeds etal. (2015)
MCEF-7 69.41 mg/mL 96% of ethanolic extract of | Agustini et al.
fennel fruit (2015)
HT29-19(A) ~77 pL/mL Essential oil (commercially | Al-Tamimi
HT29-(MS) ~80 pL/mL available) et al. (2016)
THP-1 No significant effect Essential oil (commercially | Aazzaa et al.
available) (2014)
AGS 25pg/mL Essential oil Ghasemi
(2015)
L929aA 700 + 28 pg/mL 100% Methanolic extract | Kaileh et al.
MDA-MB231 500 + 17 pg/mL of aerial plant parts (2007)

MCF7

No effect
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tol25 pg/mL were observed with the methanolic extract of fennel from various
countries (Salami et al. 2016). In another similar study the antimicrobial activity of
methanolic extract showed maximum activity of 20 mm inhibition zone against
Staphylococcus aureus, also showing activity against Escherichia coli, Bacillus pum-
ilus, Listeria monocytogenes and Enteropathogenic E. coli (EPEC) (Kumar et al.
2014). Production of cholera toxin (CT) by a various strain of Vibrio cholerae was
examined under the stress of methanolic extract of fennel seeds. There was a signifi-
cant inhibitory effect on the production of CT regardless of the strains. The similar
inhibitory effect was demonstrated with trans-anethole and 4-allylanisole, essential
oil of fennel seeds (Chatterjee et al. 2016). Helicobacter pylori are responsible for
many gastric problems, peptic ulcers and gastroduodenal cancers. The methanol
extract of fennel showed 50 pg/mL MIC to Helicobacter pylori (Abdallah 2016).
Essential oil of fennel exhibited the antibacterial activity against Staphylococcus
albus, Bacillus subtilis, Salmonella typhimurium, Shigella dysenteriae and
Escherichia coli. With the MIC and MBC of 0.125 and 0.25 mg/mL, respectively,
S. dysenteriae was the most subtle to fennel’s essential oil (Diao et al. 2014). Peptides
isolated from the fennel seed showed good inhibition in many bacterial strains with
the zone of inhibition ranging from 11 to 12.5 mm. When compared with the stan-
dard antibiotic chloramphenicol (25 pg), fennel seed peptides have the better activity
to most of the strains (Al Akeel et al. 2014). With the MICs ranging from 64 to
256 pg/mL, the fennel oil was found to be active against Staphylococcus aureus.
With the sublethal concentration, the expression of endotoxins of S. aureus was
decreased (Qiu et al. 2012). Except for Klebsiella pneumoniae and one strain of
Pseudomonas aeruginosa, both hot water and organic fraction extracts showed sub-
stantial antibacterial activity against Enterococcus faecalis, Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa 1, Salmonella typhi, Salmonella
typhimurium 1, S. typhimurium 2 and Shigella flexneri. Ranging from 20 to 80 mg/mL
and 5 to 15 mg/mL were the MICs for aqueous and acetone seed extracts, respectively
(Kaur and Arora 2009). Essential oils of fennel, anethole and n-hexane extract were
tested for the efficacy against the various foodborne bacteria. All these fractions of
fennel seeds were found to possess antimicrobial activity (Cetin et al. 2010). Different
strains of Mycobacterium tuberculosis were used for the testing of anti-mycobacterial
activity of twenty compounds isolated from the active fractions of fennel. Among
these compounds, 2,4-undecadienal was the most effective with MIC 25-50 pg/mL.
Other compounds from fennel with anti-mycobacterial activity are linoleic acid (MIC
100 pg/mL), oleic acid (MIC 100 pg/mL), 1,3-benzenediol (MIC 100-200 pg/mL)
and undecanal (MIC 50-200 pg/mL) (Esquivel-Ferrifio et al. 2012).

Antiviral Activity of Fennel

Quercetin and isoquercetin are the two flavonoids showing a virostatic effect against
Bluetongue virus (BTV) in an in vitro study. These two compounds were effective
on viral growth retardation in BHK cells at a concentration of 0.75 + 0.11 pM and
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1.07 £ 0.17 pM, respectively (Tharanath et al. 2013). Essential oil of fennel exhibited
toxicity to herpes simplex type-1 (HSV-1) and parainfluenza type-3 (PI-3), express-
ing the cytotoxicity by the cytopathogenic effect. The antiviral activity ranges from
0.8 to 0.025 pg/mL and 1.6 to 0.2 pg/mL, respectively (Erdogan Orhan et al. 2012).
Syncytia formation inhibition assay showed 26.2 + 11.3% inhibition of HIV-1
fusion by methanol extract of Foeniculum vulgare fruit at a concentration of 100 pg/mL
(Chang and Woo 2003). Volatile oils of fennel and acetone extract of fennel seeds
were effective against papaya ring spot virus with 25-100% of inhibition at various
concentrations (Maurya et al. 2005).

Antifungal Activity of Fennel

In a study essential oil of fennel seeds was investigated for antifungal activity
against Trichophyton rubrum, T. tonsurans, T. mentagrophytes and Microsporum
gypseum. It was found that the antifungal effect of fennel seeds essential oil was
more prominent than the commonly used antifungal fluconazole and amphotericin
B (Zeng et al. 2015). A study to evaluate the anti-mycotic effect of essential oil
obtained from the seeds and leaves of fennel demonstrates the complete inhibition
of mycelial growth of Alternaria sp., Fusarium oxysporum f. sp. albedinis,
Aspergillus brasiliensis and Rhizopus stoloniferawas with the MIC 0.25 pL/mL
(Khalid et al. 2015).

Anti-inflammation Effect of Fennel

Scopoletin, 8-methoxypsoralen, bergapten and imperatorin are the four compounds
which are isolated from the methylene chloride fraction of fennel fruit that were
assessed for the anti-inflammatory and antioxidant effect in macrophages and in
mice stimulated by 12-O-tetradecanoylphorbol-13-acetate. All four compounds
were found to be effective anti-inflammatory and antioxidant agents. Most effective
was imperatorin in both in vivo and in vitro model (Yang et al. 2015).
Lipopolysaccharide (LPS)-induced acute lung injury mice model was used in the
demonstration of fennel as an anti-inflammatory agent. Fennel reduced the produc-
tion of inflammatory cytokines interleukin 6 and tumour necrosis factor-alpha. It
also reduced pro-inflammatory mediator matrix metalloproteinase 9 and nitric oxide
blocking inflammation process effectively (Lee et al. 2015). Methanolic extract of
fennel fruit exerts an inhibitory effect on inflammatory diseases and IV allergic
reactions in mice (Choi and Hwang 2004). Another study on rodents established
that essential oils of fennel have an anti-inflammatory effect comparable to etodolac
at 0.05-0.20 mL/kg (Ozbek 2005).
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Antioxidant Activity of Fennel

Using DPPH method for determination of anti-oxidation capacity G. Angelov and
S. Boyadzhieva concluded that extraction of fennel using water as a solvent has high
anti-oxidation potential (Angelov 2016). Another study proved that fennel beverage
prepared in in-house conditions is an effective antioxidant, measuring >80% anti-
oxidation rate by DPPH assay. The anti-oxidation capacity of fennel was comparable
to NDGA and Trolox, standard antioxidant compounds (Kontogiorgis et al. 2016).
Paraoxonase 1 (PON1), a hydrolase enzyme, was suggested to have a role in the
regulation of oxidative stress, fibrosis and hepatic cell apoptosis in chronic liver
disease. It has been concluded that fennel seed extract increases the activity of
PONI and mitigates the oxidative stress caused by tienilic acid in mice liver (Abdel-
Wahhab et al. 2016). The damage induced by Fenton reaction to the calf thymus
DNA was alleviated by fennel seed extract proving fennel as a good source of anti-
oxidants in biological systems as well (Goswami and Chatterjee 2014). Antioxidant
potential of different parts of fennel plant was used to study the antioxidant potential
of each part of the plant. The highest radical scavenging activity and lipid peroxida-
tion inhibition capacity were recorded with the shoots (Barros et al. 2009).

Anti-proliferative and Apoptotic Effect (In Vitro) of Fennel

Samir A.M. Zaahkoukl et al. reported that methanolic extract of fennel seeds
have anti-proliferative effect on MCF-7, HEPG-2 and HCT 116 cells with the IC50
24.5£0.08, 28.7 £ 0.04 and 59.8 £ 0.09 pg/mL (Zaahkouk 2016). Acetone extract of
aerial parts of fennel plant shows the growth inhibition of HeLa cells with the IC50
of 129.7 £ 2.05 and to the Vero cells, the IC50 is 85.37 + 5.26 pg/mL (Berrington and
Lall 2012). Methanolic extract of fennel seed shows cytotoxicity to MCF-7, HEPG-
2, HT-29, H460, HeLa and U251 with the IC50 (1 g/mL) 15.78 £ 0.59, 27.96 + 0.54,
41.87+£2.72,50.22 £3.03,79.33 + 3.37 and 85 + 2.54, respectively (Mohamad et al.
2011). 80% Ethanolic fennel seed extract shows cytotoxicity to nine human leukaemia
cell lines. IC50 (pg/mL) of different cell lines is as follows: Eol 50 pg/mL, C8166
122 pg/mL, J45 150 pg/mL, WICL 155 pg/mL, ML1 300 pg/mL, H9 300 pg/mL,
1301 300 pg/mL, HL60 300 pg/mL and U266 300 pg/mL (Bogucka-Kocka et al.
2008). Effects of ethanol extract of fennel on various cell lines like MCF-7, HeLa,
SNO, DU145 and monkey Vero cells were studied and their IC50 was ~100,
19.97 £ 0.048, 100, 56.41 £ 0.28 and *100, respectively (Lall et al. 2015). Essential
oils extracted from leaves of fennel show the cytotoxicity to V79 (IC50
448.00 = 19.52), BI6F10 (IC50 112.78 + 13.74) and MO59J (IC50 406.00 = 1.57)
cell lines. In the same study, it was shown that the essential oil of fennel was not
effective to HT29, MCF-7, HeLa, HepG2, U343 and U251 cell lines (de Oliveira
et al. 2015). 50% Ethanolic extract of fennel seeds was effective against the skin
cancer. It decreased the production of ROS and LDH, and enhanced the production
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of Nrf and GSH in UV irradiation normal human dermal fibroblasts (Sun et al. 2016).
50 pg/mL of 80% methanolic extract of fennel seeds has shown the best inhibitory
effect on mouse breast cancer 4 T1 cell line (Mansourabadi et al. 2015). 96% of ethano-
lic extract of fennel fruit showed toxicity to MCF-7 cells with the 69.41 mg/mL IC50
(Agustini et al. 2015). Commercially available essential oil of fennel (from city Tulkarm,
Palestine) showed apoptotic activity on HT29-19(A) non-muco-secreting and
HT29-muco-secreting (MS) cell lines with the IC50 of ~77 pL/mL and ~80 pL/mL,
respectively (Al-Tamimi et al. 2016). In a study conducted by Smail Aazza et al. on the
anti-proliferative activity of different Moroccan commercial essential oils, THP-1
cells show insignificant effect with fennel essential oils (Aazzaa et al. 2014). The
proliferation of AGS cell line of stomach cancer was inhibited by commercially
available essential oil of fennel in Iran. The concentration of inhibition of growth of
50% is 25 pg/mL (Ghasemi 2015). With the IC50 values of 700 + 28 pg/mL and
500 £ 17 pg/mL, the 100% methanolic extract of aerial part of fennel plant showed
the anti-proliferative activity on L929aA and MCF-7, respectively. The same extract
doesn’t show cytotoxicity to MDA-MB231 cell line (Kaileh et al. 2007). Anethole
induced apoptosis in MCF-7 and MDA-MB-231 cell lines in ER-independent man-
ner. The study demonstrated the activation of caspase 9 and PARP1/2 cleavage with
the increased expression of c-FLIP(s) and p53. There was a suppression in NF-kB in
both the cell lines treated with anethole (Chen and DeGraffenried 2012).

Antitumour Activity (In Vivo) of Fennel

UV ray is one of the causes of the skin cancer and hence a study conducted by
Zhengwang Sun et al. showed the UV protective effect of fennel on hairless mice.
Production of matrix metalloproteinases induced by UV irradiation was inhibited by
fennel by inhibiting MAPK signalling pathway and activation of Nrf2 pathway (Sun
et al. 2016). Methanolic extract of fennel seed exhibited an antitumour effect in a
mouse model of Ehrlich ascites carcinoma tempering lipid peroxidation and enhanc-
ing the antioxidants. Fennel extract was cytoprotective by regulating the MDA levels,
GSH and catalase activity, against gamma irradiation (Mohamad et al. 2011). B. Singh
and R.K. Kale observed the chemopreventive effect of fennel seed for DMBA-
induced skin cancer and B(a)P-induced forestomach papilloma genesis in Swiss
albino mice. There was a considerable increase in the level of glutathione, glyoxalase
I and antioxidant enzyme activity. The peroxidative damage level and lactate
dehydrogenase activity were reduced in the treated mice (Singh and Kale 2008).

In one of the studies, a Thai herbal formulation by name Pra-Sa Prao-Yhai with
fennel seed as one of a constituent was reported with anticancer activities against
cholangiocarcinoma nude mouse xenograft model (Plengsuriyakarn et al. 2012).
A study on rats projecting fennel as a chemoprotective against a carcinogen tri-
chloroacetic acid (TCA) concluded that fennel prevented oxidative stress, hence
providing evidence of fennel as a chemopreventive and chemoprotective agent
(Celik and Isik 2008).
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In murine sarcoma-180 transplantable tumour model, combination therapy of
cyclophosphamide-anethole was exhibited antitumour activity more than that of ane-
thole alone. But, pretreatment of anethole showed a protective effect on the liver, bone
marrow and other organs from the toxicity of cyclophosphamide (Jana et al. 2015).

Antimetastatic Activity

The antimetastatic activity of anethole was elucidated in DU145 cell line. The study
suggests that the antimetastatic activity was via regulation of crosstalk between
epithelial to mesenchymal transition molecules and matrix metallopeptidases-9
(Ha et al. 2014).

Clinical Trials of Irritable Bowel Syndrome (IBS) and Fennel

Among gastrointestinal disorders, IBS is a frequently diagnosed, one of the most
common problems of many throughout the world. Fennel is used for this disorder
since a long time. Recent clinical studies show the marvellous effect of fennel for
IBS. In a study of 121 patients suffering from IBS, curcumin and fennel essential oil
(CU-FEO) capsules were given for 30 days. Symptoms of IBS were prominently
reduced with CU-FEO (Portincasa et al. 2016). In another randomised controlled
trial, 20 patients with chronic constipation receiving the fennel tea along with other
plant products concluded that this tea has laxative efficacy without any adverse
effect (Picon et al. 2010).

Anti-diabetes Effect of Fennel

In alloxan-induced diabetic rats, Foeniculum vulgare showed a decrease in fasting
blood glucose, superoxide dismutase (SOD) and malondialdehyde (MDA) level.
A significant increase in the levels of insulin, glutathione-S-transferase (GST), hepatic
reduced glutathione (GSH) and catalase is observed (Zaahkouk et al. 2016).

In glucose-loaded mice model methanolic extract of fennel significantly reduced
the blood glucose level (Monalisa and Rahmatullah 2015). In vitro evaluation of
fennel’s phenolic compound was done for the study of antidiabetic effect. It was
concluded that the phenolic component from methanolic extract was very effective
for diabetes as it inhibited a-amylase and a-glucosidase (Abu-zaiton et al. 2015).
In streptozotocin-induced diabetic rats, administration of essential oils at a concen-
tration of 30 mg/kg body weight corrected the hyperglycaemic condition and the
activity of serum glutathione peroxidase was also improved. Essential oil of fennel
showed positive effects on kidney and pancreas in the pathological studies (EI-Soud
etal. 2011). In a similar study with the aqueous extract of fennel seeds, comparable
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results showed the reduction of hyperglycemic effect in rats (Anitha et al. 2014).
Methanolic extract of the whole plant of fennel was also anti-hyperglycemic to
diabetic rats. Elevated levels of various enzymes associated with the diabetic were
decreased with the administration of the fennel plant extract (Mhaidat et al. 2014).

Hypotensive Effect of Fennel

The water extract of fennel plant was hypotensive when investigated in hypertensive
rats. It decreased the systolic blood pressure in hypertensive rats by increasing the
excretion of water, sodium and potassium (EI Bardai et al. 2001).

Eye Diseases and Fennel

An extensive study conducted on the various plants bearing ophthalmic benefits in
Navarra (Spain) has identified fennel as potential phyto-remedy for ophthalmologi-
cal problems (Calvo and Cavero 2016). Trans-anethole active component of essen-
tial of fennel was shown to have an anti-cataract effect. In an in vitro study of
cataract, the chicken eye lens was treated with 55 mM glucose to induce cataract.
Trans-anethole was effective in reducing cataract by increasing the solubilising lens
protein. Besides this, there was a reduced glutathione, SOD and catalase activity.
There was also reduction of aldose reductase in the lens treated with anethole. Thus,
anethole can be a protective agent of cataract (Dongare et al. 2012).

Water-loaded and steroid-induced glaucoma rabbit model was used to evaluate
the oculo-hypotensive activity of fennel. Aqueous extract of fennel showed signifi-
cant oculo-hypotensive effect (Agarwal et al. 2008).

Osteoporosis Prevention by Fennel

The new bone tissue is produced by osteoblast and the old bone tissue’s resorption
is done by osteoclasts. The cause of the most adult skeletal disease including osteo-
porosis is the imbalance in the bone remodelling by osteoblast and osteoclasts. One
of the therapeutic approaches to osteoporosis is to inhibit the differentiation of
osteoclasts and prevention of bone resorption.

In a study on cultured bone marrow, the aqueous extract of fennel inhibited the
osteoclast differentiation and bone resorption. Furthermore, oral administration of
fennel to ovariectomy-induced bone loss patients for six weeks has a preventive
effect on femoral bone mineral density, bone mineral contact and decreased bone
turnover markers. Overall, fennel has a preventive role in postmenopausal osteopo-
rosis (Kim et al. 2012).



244 F. Q. Syed et al.
Anti-obesity Effect of Fennel

In Korea, a placebo-controlled, single-blinded, randomised study was conducted on
overweight women to examine the effect of fennel tea on subjective appetite.
Consumption of fennel tea increased the feeling of fullness, decreased hunger and less-
ened prospective food consumption. Fennel tea might help in appetite control and
could reduce the further food consumption in overweight women (Bae et al. 2015)

Hypolipidaemic and Anti-atherogenic Effect of Fennel

Administration of methanolic extract to C57B1/6 mice substantially decreased the
plasma lipid levels along with the decrease in the levels of total cholesterol, triglyc-
erides, LDL cholesterol and apolipoproteins. Levels of HDL cholesterol and apoli-
poprotein were elevated. Histopathology suggested the decrease in the deposition of
fat in the liver. The flow of blood in the coronary arteries was facilitated by fennel
extract, as it prevented the deposition of lipids (Oulmouden et al. 2014).

The Vasorelaxant Activity of Fennel

Isolated rat aortic ring was used to demonstrate the vasorelaxant effect of fennel.
Methylene chloride fraction of the crude methanolic extract holds endothelium-
dependent vasorelaxant effect which occurs through the nitric oxide (NO)-3',5'-
cyclic monophosphate pathway (Tettey et al. 2015).

Anxiolytic Activity of Fennel

Adult Swiss albino male mice receiving a various concentration of fennel’s essential
oil showed decent anxiolytic activity. The activity of fennel’s essential oil was com-
parable to the anxiolytic drug diazepam (Mesfin et al. 2014).

The Anti-depression Activity of Fennel

Methanolic extract of fennel holds noteworthy anti-depression activity. In
haloperidol-induced catalepsy mice, the reduction in the duration of catalepsy was
observed in the group treated with fennel. Methanolic extract of fennel (500 mg/kg)
was more effective than imipramine (30 mg/kg) (Singh et al. 2013).
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Fennel and Alzheimer’s Disease

In an in vitro study, essential oils and aqueous extracts of aerial parts of fennel plant
were reported to have an inhibitory activity of acetylcholinesterase and butyrylcho-
linesterase. The results were much better than a cholinergic agent, rivastigmine.
Fennel could be a potent therapeutic agent in the treatment of Alzheimer’s disease
(Arantes et al. 2017).

Memory-Enhancing Activity of Fennel

A study on amnesic rats showed the reversing effect of memory loss by fennel.
Extract of fennel seeds diminishes scopolamine-induced memory deficit of above
95% over a period of above 12 days (Koppula and Kumar 2013). Another study
using a methanolic extract of fennel plant was carried out in amnesic mice model.
There was a paradigm shift in learning and remembering ability of scopolamine-
induced memory-impaired mice when treated with fennel extract. There was a
prominent upsurge in step-down latency and acetylcholinesterase inhibition (Joshi
and Parle 2006). Abana, clinically proven cardioprotective herbal formulation con-
taining fennel seed as one of its components, showed the anti-amnesic effect on
mice (Parle and Vasudevan 2007).

Cosmetics and Fennel

4% Ethanolic extract of fennel seeds loaded in the emulsion showed a significant
effect on skin moisture and transepidermal water loss (TEWL). This study proves
fennel as an antiaging agent (Rasul et al. 2012a). Rasul et al. used the same cream
for topical application by male volunteers for 3 months. A cream containing fennel
extract decreased the skin melanin and sebum content. And also this formulation
of fennel possesses anti-erythemic effects. In conclusion, we can say that it is a
safe formulation for the treatment of acne and a skin-whitening agent (Rasul
et al. 2012b).

Anti-hirsutism Effect of Fennel

A clinical trial carried out in Iran during 2009-2011 on forty-four women with
idiopathic hirsutism showed the reduction of the thickness of facial hair by using
3% fennel gel for 6 months (Akha et al. 2014).
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The Diuretic Action of Fennel

In a rodent study, hydroalcoholic extract of fennel’s dried roots indicates the diuretic
effect. The extract administrated to rat showed the increase in urine flow and sodium
excretion (Beaux et al. 1997).

The Antithrombotic Activity of Fennel

The potential of anethole as an antithrombotic agent was tested in the guinea pig.
Anethole inhibits arachidonic acid, collagens, and ADP- and U46619-induced
aggregation. Anethole possesses antiplatelet, clot-destabilising and vasorelaxant
activity (Tognolini et al. 2007).

The Bronchodilatory Activity of Fennel

Methacholine-induced contraction of tracheal chains in guinea pig was evidently
relieved by essential oil and ethanolic extract of fennel. Bronchodilatory effect of the
ethanolic extract was greater than that of diltiazem (Boskabady and Khatami 2003).

Premenstrual Syndrome and Fennel

As it occurs cyclically with various physical and psychological symptoms, the
premenstrual syndrome can be clearly identified. In a randomised clinical trial
consisting of 48 females of age 16—18, the PMS was reduced significantly in fennel-
receiving group for eight weeks (Pazoki et al. 2016).

Dysmenorrhoea and Fennel

Among the gynaecological problems, primary dysmenorrhoea is the most prevalent
with the rate of 90% among menstruating women. In a trial of 80 female students
given soft capsules of fennel, the intensity of nausea and weakness decreased along
with the reduction in the duration of the menstrual period. These findings support
the use of fennel as herbal medicine to relieve dysmenorrhea and menstrual duration
(Ghodsi and Asltoghiri 2014). A placebo-controlled trial conducted on sixty virgin
girls with the complaint of dysmenorrhoea reveals that the fennel is an effective
herb to control menstrual pain (Omidvar et al. 2012).
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Vaginal Atrophy and Fennel

Among postmenopausal women, vaginal atrophy is one of the major distresses.
A double-blind randomised controlled trial conducted on sixty postmenopausal
women in Iran concluded that 5% fennel vaginal cream could manage the symptoms
of vaginal atrophy effectively in postmenopausal women without any side effects
(Yaralizadeh et al. 2016).

Galactagogic Effect of Fennel

Female albino mice were administrated with 100 mg/kg and 200 mg/kg of an ethanolic
extract of fennel. The treated group were recorded with the increase in the levels of
serum oestrogen, progesterone and prolactin. Prolactin promotes the production of
milk (Sadeghpour et al. 2015).

Infantile Colic and Fennel

Administration of fennel extract to infants could treat infantile colic. Fennel extract
is beneficial to colic infants. The effect is comparable to the gripe water
(Ghazanfarpour et al. 2014).

Anti-ulcer Activity of Fennel

Aqueous extract of fennel has a protective effect against ethanol-induced gastric
mucosal lesions in rats. Treatment with fennel extract significantly increased GSH,
nitrite, nitrate, ascorbic acid, retinol and -carotene levels and reduced lipid peroxi-
dation (Birdane et al. 2007).

Hepato-renal Protective Effect of Fennel

Sodium-valproic (SVP) has the toxic effect to liver and kidney. A study on albino
rats using sodium-valproic proved the hepato- and renal protective effect of fennel
oil. The results show a positive effect of fennel in histopathological examination of
liver and kidney besides the encouraging results of biochemical parameters
(Al-Amoudi 2017).
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Anthelmintic Effect of Fennel

In vitro schistosomicidal activity of essential oil of fennel is moderate against
S. mansoni worms but has an incredible inhibitory effect on development of eggs
(Wakabayashi et al. 2015).

Toxic Effect of Fennel on Pest

Fumigation of essential oil of fennel was toxic to the pest Tetranychus turkestani of
Iran. It was also toxic to the predator of the pest O. albidipennis but to a less extent
(Faraji et al. 2016).

Mosquito Larvicidal Effect of Fennel

Essential oil of fennel is a potential remedy to control the vector of dengue, the
Aedes aegypti. Fennel essential oil displayed prominent larvicidal effect against
Aedes aegypti (Rocha et al. 2015).

Interaction of Fennel with Drug

Fennel extract was potentially adequate to inhibit all main metabolic pathways reg-
ulating the oxidation of acetaminophen (paracetamol) and formation of the hepato-
toxic metabolite, NAPQI (N-acetyl-p-benzoquinone imine). The enzyme CYP2E1
is inhibited by fennel with the IC50 value of 23 + 4 (Langhammer and Nilsen 2014).
5-Methoxypsoralen, a compound isolated from fennel, inhibits CYP3A4 (human
liver microsomal cytochrome) by mechanism-based inactivation. The inhibition is
time dependent, requiring that NADPH and CYP3A4 activity is recovered by the
competitive inhibition (Subehan et al. 2007).

Toxicity

A study on rat embryo limb bud mesenchymal cells suggests that essential oil of
fennel reduced the number of stained differentiated foci because of the cell loss.
Essential oil of fennel may have a toxic effect on foetal cells without the indication
of teratogenicity (Ostad et al. 2004).
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Conclusion

Foeniculum vulgare is one of the most commonly used and extensively studied
medicinal herbs throughout the world. Multitudinous health benefits are reported by
many researchers. Fennel exhibits ethnomedical treatments of chronic health problems
like cancer, diabetes, irritable bowl syndrome, dysmenorrhoea and insomnia.

Due to its bioactive constituent fennel shows a diverse range of pharmacological
actions which include anti-oxidation, anti-inflammation, anti-pyretic, anti-allergic,
antibacterial, antifungal, antiviral, anti-colitic, anti-hirsutism, antistress, anxiolytic,
diuretic, etc.

Fennel has chemopreventive, hepatoprotective, anti-ulcer, hypoglycemic, laxative,
oestrogenic, hypolipidaemic, memory-enhancing and oculohypotensive properties.

The pharmacological benefits of fennel can be attributed to the phytochemical
composition consisting of volatile compounds, flavonoids, phenolic compounds, etc.
Minerals and vitamins present in fennel play their own role in making it a multifac-
eted beneficial herb.

Fennel is extensively studied but mostly in its crude form because of which it is
difficult to trace the bioactive compound responsible for attributing particular prop-
erties and making the commercial pharmacological application limited. Specific
compound-based studies and understanding the mechanism of action could help in
bringing the product from lab bench to clinical use.
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