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Abstract
Foeniculum vulgare Mill. (F. vulgare) belongs to the family Apiaceae with numerous medicinal and traditional applications. 
It has been widely used in South Asia as an important medicine for the treatment of many ailments. Different parts of F. vul-
gare, including seeds, leaves, aerial part and fruits, has been found to contain diverse phytochemicals, such as anethole, fen-
chone, limonene, estragole, and p-coumaric acid. In particular, anethole and fenchone as the chief isolated from F. vulgare, 
have been proven to possess notable antioxidant, antitumor, carminative, diuretic, and galactagogue effects and is useful in 
amenorrhoea, dental decay and irritable bowel syndrome. This review summarizes the botanical activitis, traditional uses, 
phytochemistry, and pharmacology of F. vulgare, along with the clinical studies to serve as the basis for further research and 
development on this medicinal plant.
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Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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Introduction
Foeniculum vulgare Mill. is commonly known as “Fen-
nel” in English, “Sounf” in Hindi and “Madhurika” in 
Sanskrit which belongs to the family Apiaceae (Um-
belliferae) [1]. F. vulgare commonly differentiated as 
sweet fennel (F. vulgare var. dulce) and bitter fennel 
(F. vulgare var. piperitum) according to the sub-spe-
cies and varieties [2]. Fennel is commonly used for 
various purposes such as culinary, spices, essential oil, 
vegetable, and medicinal purposes [3]. Entire plant of 
fennel is used in medicinal industry [4]. Fennel is used 
medicinally since ancient times, the Greek physicians 
Hippocrates and Dioscorides declared fennel as a di-

uretic and its juice was used for treating the eyesight 
[5], and according to the Indian traditional medicines, 
fennel is known for its aromatic, stimulant, stomachic, 
carminative, galactagogue, and emmenagogue proper-
ties [6]. Also Chinese people use fennel as carmina-
tive, and use it for other purposes such as stomachic, 
stimulant, relieve chills, abdominal distension, vomit-
ing, and diarrhoea [7].
Due to its medicinal properties fennel is used in dif-
ferent regions according to its medicinal purposes [8]. 
Hot infusion of fennel is used for improving the lacta-
tion, eyesight, open liver and spleen obstructions and 
treating the amenorrhea; whereas fennel leaves infu-
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Figure 1. Uses of fennel in different regions

sion used for infants to treat stomach aches in Guyana 
and Surinam [9]. Fennel fruit aqueous extract is used 
to relieve flatulent colic in children and infants, and 
as a diuretic, diaphoretic in India, as well as in Eu-
rope. Also, fennel infusion is used for the treatment 
of flatulence and colic in infants and children [10]. 
In Europe and Mediterranean countries, fennel is used 
for various purposes such as an eye wash, antioxidant, 
analgesic, galactagogue, and snake bites [11]. In It-
aly, pregnant women are consuming fennel approxi-
mately for 3 months [12]. Fennel leaves are used for 
treating chronic cough, diabetes, mouth ulcer, kidney 
stones and bronchitis in Southern Italy and Portugal 
[13]. According to Mexican Traditional Medicine, de-
coction of fennel can be used for treating tuberculo-
sis, respiratory diseases and as a galactogogue [14]. 
Palestine people commonly used fennel in their diet 
and in North East Lebaston, it is used as a digestive 
[15]. Figure 1 explains the uses of fennel in different 

regions. 
The seeds of F. vulgare contain a wide variety of nu-
trients and other phytochemicals and other parts like 
leaves also contain several secondary metabolites and 
possess pharmacological activities [16]. The chemical 
composition and pharmacology of metabolites dis-
cussed in this review provide in accordance that the 
pharmacology of metabolites confirms the pharma-
cology of fennel like fenchone, anethole, p-coumaric 
acid, limonene, and estragole possess the activities 
which are also possessed by fennel like antidiabetic 
and anticarcinogenic activities. The diverse pharma-
cological activities of fennel were extensively studied, 
but only a few were validated. Some of these biologi-
cal activities include antibacterial activity, antioxidant 
activity, and anticarcinogenic. Also, clinical studies 
are performed for dysmenorrhea, menopause symp-
toms, osteoarthritis, and other diseases which are dis-
cussed in this review.
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Ayurvedic Uses of Fennel 

In Ayurveda, fennel is known as “Shatapushpa”, they are sweet in taste and give a cooling 

effect. Fennel is known for treating digestive disorders and strengthening Agni in Ayurveda. 

They are useful for calming the nerves; especially its aroma provides mental alertness. Fennel 

acts on blood, plasma, muscles, nervous system, digestive system, and urinary system.  It is 

known for its stimulant, carminative, diuretic, and antispasmodic properties and is used in the 

treatment of gas or acidity, indigestion, abdominal cramps or pain, and urinary tract infection 

(UTI). 

As mentioned in Bhavprakash nighantu, (Figure 2) saunf is known by various names in the 

above-mentioned shloka Chhatra, shatin, shalay, madhura, mishreya, and misi. They are light 

to digest, piercing, and stimulant; aggravate pitta dosha in the body, hot in potency, and 

astringent in taste. Saunf is useful in treating disorders like umbilicus-related pain. The herb is 

useful for other purposes also like stimulating the digestive fire, beneficial for treating cardiac 

problems, constipation, worm infestation, cough, vomiting, and pacifying vata dosha. But 

excess use of fennel may cause a decrease in sperm quality and quantity. 

Ayurvedic Uses of Fennel
In Ayurveda, fennel is known as “Shatapushpa”, it 
is sweet in taste and give a cooling effect. Fennel is 
known for treating digestive disorders and strength-
ening Agni in Ayurveda. Fennel is useful for calming 
the nerves; especially its aroma provides mental alert-
ness. Fennel acts on blood, plasma, muscles, nervous 
system, digestive system, and urinary system.  It is 
known for its stimulant, carminative, diuretic, and an-
tispasmodic properties and is used in the treatment of 

gas or acidity, indigestion, abdominal cramps or pain, 
and urinary tract infection (UTI).
As mentioned in Bhavprakash nighantu, (Figure 2) 
saunf is known by various names in the above-men-
tioned shloka Chhatra, shatin, shalay, madhura, 
mishreya, and misi. They are light to digest, piercing, 
and stimulant; aggravate pitta dosha in the body, hot 
in potency, and astringent in taste. Saunf is useful in 
treating disorders like umbilicus-related pain. The 
herb is useful for other purposes also like stimulat-
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ing the digestive fire, beneficial for treating cardi-
ac problems, constipation, worm infestation, cough, 
vomiting, and pacifying vata dosha. But excess use 
of fennel may cause a decrease in sperm quality and 
quantity.

Taxonomy
Kingdom: Plantae
Division: Tracheophyta
Subdivision: Spermatophytina
Class: Magnoliopsida
Order: Apiales
Family: Apiaceae
Genus: Foeniculum
Species: vulgare
Botanical name: Foeniculum vulgare Mill.

Botanical Description
Fennel is a seasonal plant with a long history. The 
fennel plant originated from the southern Mediterra-
nean region, and it now grows wild throughout the 
Northern, Eastern, and Western hemispheres, notably 
in Asia, North America, and Europe, thanks to natu-
ralisation and cultivation. It grows wild and is grown 
in fields. Ancient Egyptians, Romans, Indians, and 
Chinese were all familiar with the plant. It was grown 
by the Romans for its fragrant seeds, and the delicious 
fleshy shoots are still a popular food in southern Italy 
[17]. It is said that Emperor Charlemagne encouraged 
its development in Central Europe. In current French 
and Italian cookery, it is a must-have ingredient. The 
plant's entire body is aromatic and may be used in a 
variety of ways. F. vulgare is a perennial plant with 
delicate, feathery, almost hair-like leaf that grows up 
to 6.6 feet (2 m) tall [18]. This plant has a dill-like 
appearance. Its anise-flavoured leaf and seeds, both of 
which are often gathered for use in cooking, are com-
monly planted in vegetable and herb gardens [19]. It 
is upright and cylindrical, brilliant green and smooth, 
with several branching leaves split into the tiniest of 
segments [20]. The leaves may grow up to 40 cm long 
and are finely divided, having filiform (threadlike) fi-
nal segments that are around 0.5 mm broad. In July 
and August, the bright golden blooms with thirteen to 

twenty rays bloom in big, flat terminal umbels [21].
 
Chemical Composition
Hina et al. reported, protein content (9.38±0.39) in 
fennel seed sample was evaluated using Kjeltech Ap-
paratus, and fat content (9.76±0.34) in fennel seed 
was determined using hexane as solvent in Soxtec 
System fibre during the composition profiling of 
Fennel seeds. Flame Photometer-410 was used to 
estimate sodium, potassium, and calcium, while an 
Atomic Absorption Spectrophotometer was utilised 
to evaluate zinc, iron, manganese, and other miner-
als in the digested HNO3 sample of fennel seeds.  A 
significant amount of minerals, including potassi-
um (852.45±33.25 mg/100 g), calcium (580.6±24.39 
mg/100 g), manganese (211.35±7.40) mg/100 g, so-
dium (16.21±0.65 mg/100 g), and iron (9.72±0.38 
mg/100 g), but zinc was only identified in trace 
amounts [22,23]. Diao et al., (2014) used gas chroma-
tography-mass spectrometry (GC-MS) to examine the 
chemical components of the essential oil derived by 
hydrodistillation of fennel seeds, and 28 components 
were discovered. The primary components were de-
termined to be trans-anethole (68.53%) and estragole 
(10.42%). Trans-anethole (59.8–90.4%) was the main 
constituent of the essential oils of fresh leaves [24]. 
In another study, the principal components recovered 
by microwave hydrodistillation from fennel seeds es-
sential oil were (E)-anethole (79.0 %-81.6 %), fen-
chone (8.7% -10.9 %), estragole (4.0 %- 4.2 %), and 
limonene (3.2%-3.5%). More than 97% of the total 
essential oil is made up of these four components [25]. 
In another study, essential oils of the seed of three 
organically grown cultivars of fennel were compared 
which demonstrated the presence of eighteen main 
monoterpenoids. However, there were considerable 
variances in the percentages of the components. All 
of the oils studied had high levels of trans-anethole 
(5%-61 %), estragole (57 %), fenchone (7%-13 %), 
and limonene (12%-28 %) [26]. According to Pavela 
et al., (2016) the majority of trans-anethole (48.42–
63.23%) was found in fennel essential oils when they 
compared the aerial section and seeds of fennel. The 
essential oils derived from seeds contained the most 

Figure 2. Shloka from Bhavprakash nighantu
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trans-anethole (60%) [27,28]. In another study, Olgun 
et al., (2017) used a screw press to extract the oil from 
fennel seeds, and the oil contained the most preva-
lent component, anethole (89.74%) [29]. Coban et al., 
(2018) reported the major compound in fennel fruit oil 
was anethole (90.71–91.62%), followed by estragole 
(3.60–4.02%), limonene (2.19–3.24%), and fenchone 
(0.96–1.55%) [30].
Alam et al., (2019) reported about the methanolic ex-
tract of F. vulgare using the GC–MS method, fifty-sev-
en distinct phytoconstituents were discovered where 
trans-anethole (31.49%), 2-pentanone (25.01%), fen-
chone (11.68%), and benzaldehyde-4-methoxy were 
the most common compounds found (8.01%) [31].  
Kalleli et al., (2019) compared essential oil and ex-
tract of two cultivars and reported primary compo-
nents which are trans-anethole and estragole  ranging 
(63.41% –78.26%) and (44.72% –88.92%), respec-
tively. All fennel seed extracts had a high content 
of quinic acid, 4-O-caffeoylquinic acid, p-coumaric 
acid, and 4-Ocaffeoylquinic acid, which defined their 
phenolic composition [32]. According to Abdellaoui 
et al., (2020) when they compared wild fennel and 
cultivated fennel, the wild fennel essential oil has the 
highest phenolic concentration (222.24 mg/mL). The 
primary compounds found in both wild and cultivated 
fennel were estragole, anethole, and fenchone, accord-
ing to chromatography analyses. Cultivated fennel, on 
the other hand, has a higher concentration of estragole 
and a lower concentration of anethole than wild fen-
nel.  The chemical profiles of the other compounds  
were nearly identical, with slight quantitative dif-
ferences [33]. Chemical composition is explained in  
table 1. 

Pharmacology of metabolites of F. vulgare
F. vulgare is enriched with several bioactive com-
pounds. Among these anethole, limonene, fenchone, 
estragole and p-coumaric acid were examined for 
pharmacological activities (Table 2). Formulations 
based on this medicinal plant were used in Ayurveda, 
Chinese Traditional Medicine and Mexican Tradition-
al Medicine. Anethole, limonene, p-coumaric acid and 
estragole are known for their anti-inflammatory ef-
fect, which can help against diseases like cancer, neu-
rodegeneration and wound healing. It is believed that 
introduction of hydroxyl groups at double bond from 
propenyl moiety of anethole enhances the anti-inflam-
matory activity. Anethole, limonene, and p-coumaric 
acid are known for its anticancer activity; while both 
anethole and limonene possess antidiabetic activity.  

Pharmacological activity of Fennel

Antibacterial Activity
According to the Diao et al., (2014),  results of MIC 

and MBC, Gram positive and Gram negative bacteria 
strains had different sensitivities to the essential oil of 
fennel seeds, and the essential oil exhibited antibac-
terial activity against Staphylococcus albus, Bacillus 
subtilis, Salmonella typhimurium, Shigella dysenteri-
ae, and Escherichia coli. S. dysenteriae was the most 
sensitive to essential oil amongst the bacteria tested, 
with MIC value of 0.125 and MBC value of 0.25 mg/
mL [23]. In another study, Kwiatkowski et al., (2019) 
reported antibacterial activity of fennel essential oil 
against 76.7% of isolates at the concentrations of 2.0% 
and 2.5% [58]. Marín et al., (2016) reported that, when 
more than 40 µL fennel essential oil was present in 
the discs, inhibition zone of 10 mm demonstrated an-
tibacterial activity against L. innocua [59]. Shabnam 
et al. reported fennel oil was found to be fairly potent 
against bacterial strains, possessing the antibacterial 
activity against Gram positive bacterium Bacillus sub-
tilis (3.8 cm zone of inhibition) [60].

Antioxidant Activity
Many aromatic and medicinal plants possess antioxi-
dant effects which have been demonstrated to be ben-
eficial in slowing the process of lipid peroxidation in 
oils and fatty diets, therefore demands for these plants 
are increased. Extracts of F. vulgare showed potent 
free radical scavenging activity in 2,2-Diphenyl-1-pic-
rylhydrazyl (DPPH) antioxidant text. Methanol and 
ethanol extracts had higher free radical scavenging ac-
tivity than other solvents. Furthermore, methanol ex-
tracts outperformed ethanol extracts in terms of scav-
enging efficacy [61].  Essential oil of fresh leaves of 
F. vulgare was found to show weak capacity ranging 
from 0.25 to 0.33 mmol/L due to their anethole level 
[24].  Essential oil of fennel seeds found to show max-
imum activity (0.35-0.04) in quenching the DPPH rad-
ical [26]. In another study, both extracts and essential 
oils of fennel seeds, ethanol extracts of seeds have a 
high capacity to scavenge DPPH radicals [62]. Sim-
ilarly, in another study, it is reported that methanolic 
fennel seed extracts in general have a stronger abil-
ity to scavenge DPPH radicals than fennel essential 
oils and therefore, methanolic extract (IC50 = 27.17 g/
mL) demonstrated the strongest antioxidant properties 
[32]. Hydroalcoholic extracts of fennel leaves, showed 
the Relative Antioxidant Capacity Index (RACI) value 
(0.844) for antioxidant activity [63]. It can be assumed 
that variation of antioxidant activity may be caused 
due to the trans-anethole content in fennel.

Anti-Carcinogenic Activity
Various studies have been conducted which show the 
anticancer activity of fennel. In one such study fennel 
seed methanolic extract (FSME) was found to pos-
sess significant cytoprotective effect against gamma 
irradiation, as evidenced by the restoration of MDA 
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S. No.
Plant Parts 

used
Extraction tech-

niques
Sample used

Analysis 
Techniques

Total Compo-
nents

Major Components Ref.

1.
Fennel 
seeds

Hydrodistillation Essential oil GC/MS 28 components
Trans-anethole (68.53%)

Estragole (10.42%)
34

2.
Fresh 
leaves

Hydrodistillation Essential oil
GC/MS and 

GC
60 compounds Trans-anethole (59.8%-90.4%) 24

3.
Fennel 
seeds

Microwave Hy-
drodistillation

Essential oil
GC/MS and 
GC analysis

17 volatile com-
pounds

E-anethole (79.0%)
Fenchone (10.9%)
Estragole (4.2%)
Limonene (3.2%)

35

4.
Fennel 
seeds

Hydrodistillation Essential oil
GC/MS anal-

ysis
18 monoter-

penoids

Trans-anethole (5%-61%)
Estragole (57%)

Fenchone (7%-!3%)
Limonene (12%-28%)

26

5.
a) Aerial 
section of 

plants
Hydrodistillation Essential oil

GC/MS anal-
ysis

7-14 compounds
Trans-anethole (48.42%-63.23%)

27

b) Seeds Hydrodistillation Essential oil
GC/MS anal-

ysis
7-14 compounds Trans-anethole (60%)

6. Seeds Screw-press Essential oil GC/MS -
Anethole (89.74%)

D-limonene (3.41%)
29

7. Fruit Hydrodistillation Essential oil
GC/MS, GC/

FID
-

Anethole (90.71%-91.62%
Estragole (3.60%-4.02%)
Limonene (2.19%-3.24%)
Fenchone(0.96%-1.55%)

36

8. Seed Soxhlet Extraction
Methanolic 

Extract
GC/MS 57 components

Trans-anethole (31.49%)
2-pentanone (25.01%)

Fenchone (11.68%)
Benzaldehyde-4-methoxy (8.01%)

31

9. Seeds Hydrodistillation Essential oil GC/MS 24 compounds

Trans-anethole (74.8%-78.2%)
Estragole (88.92%)

L-Fenchone (10.64%-12.09%
Limonene (5.65%-6.32%)

37

Seeds - Extract LC/MS 33 compounds

Quinic acid (4.6% to 5.023%)
4-O-caffeoylquinic acid (3.12% to 

6.36%)
p-coumaric acid (2.7 to 4.2%)

10. Seed Steam Distillation Essential oil GC/MS 21 compounds
Estragole (60.01%-35.33%)
Anethole (22.15%-52.27%)
Fenchone (6.50%-4.32%)

33

Table 1. Chemical constituents of Foeniculum vulgare

levels, catalase activity, and GSH content to near-nor-
mal levels before irradiation. This show to be effective 
against a breast cancer cell line (MCF7) as well as a 
liver cancer cell line (HepG-2).  In Ehrlich ascites car-
cinoma (EAC)-bearing mice with or without radiation 

exposure, FSME had an anticancer impact through 
regulating lipid peroxidation and enhancing the an-
tioxidant defence system [64]. Similarly in another 
study, ethanolic extracts of fennel cause apoptosis 
and limit cell proliferation in vitro, with fennel hav-
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Chemical Components Pharmacological/ Therapeutic effect References

Anethole

Antidiabetic activity
Neuroprotective

Anti-cancer activity
Anti-oxidant Activity
Anti-cataract activity

Gastro protector activity
Local anaesthetic activity

38
39
40
41
42
41
43

Limonene

Antioxidant activity
Anti-cancer activity

Anti-nociceptive activity
Antidiabetic ativity

Anti-inflammatory activity

44
45
46
47
48

Fenchone

Antidiarrheal activity
Antinociceptive Activity

Cytotoxicity
Anti-inflammatory activity

Anti- microbial activity

49
50
51
52
53

Estragole
Antioxidant

Antimicrobial
Anxiolytic

54
55
56

p-coumaric acid Anti-oxidant activity 57

Table 2. Pharmacology of metabolites of F. vulgare

ing the most antiproliferative impact. Breast cancer in 
mice the 4T1 cell line was treated with various extract 
dosages. The Bromo-2′-deoxyuridin test was used to 
measure cell proliferation after 24 h, and the dose of 
50 g/mL of fennel had the best inhibitory effect [64]. 
A methanolic extract of F. vulgare causes DNA dam-
age in cancer cell lines, frequently in MCF-7 cell lines 
than in HEPG-2 and HCT 116 cell lines.  Also it has 
the ability to activate p53 gene expression in cancer 
cell lines. Because of their broad-spectrum antiplate-
let activity and vasorelaxant action, the essential oil of 
F. vulgare and its primary component, anethole, has 
been proven to have a safe antithrombotic effect. As a 
result, fennel may have anticancer properties [65]. In 
another study, the anticancer potential of seed oil in 
vitro against human breast cancer (MDA-Mb) and cer-
vical epithelioid carcinoma (Hela) cell lines by MTT 
assay found to be a very effective anticancer agent in 
both cases, with an IC50 of less than 10 g/mL in both 
cases [34]. In another study, the oil mixture (fennel 
oils and geranium oils) induced selective cytotoxicity 
in MCF-7 cells by inducing cell cycle arrest and death, 
which could be produced by the synergistic action. 
Also, the fennel and clove oil mixture caused selec-
tive cytotoxicity in Caco-2 cells, including cell cycle 
arrest and apoptosis, which could be due to synergistic 
effects [66]. Ghasemian et al., (2020) reported that, on 
the MCF-7 cancer cell line, fennel oil extracted from 
three different locations had higher cytotoxic effects. 
Anticarcinogenic activity is explained in table 3.

Anti-inflammatory Properties
Oral treatment of a methanol extract of F. vulgare fruit 
to rats and mice inhibited acute and subacute inflam-
matory disorders in both rats and mice. Three screen-
ing methods were used to assess the anti-inflamma-
tory effect of methanol extract: carrageenan-induced 
paw edema, arachidonic acid-induced ear edema, and 
formaldehyde-induced arthritis. Nonsteroidal anti-in-
flammatory drugs (NSAIDs) are commonly tested 
with these. In the case of acute inflammation, meth-
anol extract (200 mg/kg) inhibits paw edema gener-
ated by carrageenan injection by 69% as compared to 
the control group of mice. In mice, a methanol ex-
tract of F. vulgare reduces arachidonic acid-induced 
ear edema by 70%. In the presence of methanolic 
extract of F. vulgare on inflammation produced by 
formaldehyde, serum transaminase, aspartate ami-
notransferase (AST), and alanine aminotransferase 
(ALT) levels considerably increased as compared to 
the control group. The measurement of AST and ALT 
levels is a useful and easy way to determine the an-
ti-inflammatory activity of the target substances [69].  
F vulgare FME may affect both the cyclooxygenase and 
lipoxygenase pathways, according to these findings [70].

Expectorant Activity
The ciliary motility of the respiratory apparatus is 
stimulated by F. vulgare seeds, which improves the 
external transport of extraneous corpuscles. This ef-
fect implies that fennel might be used to treat bronchi-
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S. No. Parts of plant used Type of extract Activity Effective against References

1. Seeds Methanolic extract Cytoprotective
Breast cancer cell ,

Liver cancer cell line
64

2. Seeds Ethanolic extract Antiproliferative Breast cancer 64

3. Seeds Methanolic extract
Damage in cancer 

cell lines
Damage cancer cell 

line
65

4. Seeds Essential oil Anti-cancer
Breast cancer, Cervi-
cal epitheloid, Carci-

noma cell lines
67

5. Seeds Essential oil Cytotoxicity
CaCO2 cells, Apop-

tosis
66

6. Seeds Essential oil Cytotoxicity
MCF-7 cancer cell 

lines
68

Table 3. Anticarcinogenic activity of F. vulgare

al and bronchopulmonary diseases, as well as in pol-
luted surroundings [69]. The volatile oil of F. vulgare 
causes the smooth muscles of the trachea to contract, 
which may help with the expectoration of mucus, 
germs, and other corpuscles that are not native to the 
respiratory tracts [71]. 

Anticolitic Activity
Fennel essential oil reduces intestinal gas; while also 
regulating the movement of smooth muscles in the 
gut. F. vulgare is used to treat spastic gastrointesti-
nal disturbances, certain kinds of chronic colitis (that 
do not respond to conventional therapies), dyspepsia 
from gastrointestinal atony, and dyspepsia with a feel-
ing of heaviness in the stomach. The inclusion of fen-
nel to laxatives containing anthraquinones lowers the 
occurrence of stomach discomfort [72].

Antinocioceptive Activity
Antinociceptive refers to any substance that sup-
presses nociception, the physiological mechanism 
that causes pain. Hexane, methylene chloride, ethyl 
acetate, and methanolic extract from the aerial part of 
F. vulgare demonstrated considerable antinociceptive 
action against acetic acid-induced writhing in mice. 
The antinociceptive activity of the methanolic extract 
of F. vulgare aerial parts was highest at a dosage lev-
el of 2000 mg/kg; whereas the activity of the ethyl 
acetate extract was highest at a dose level of 800 mg/
kg. On the other hand, n-hexane extract (700 mg/kg) 
and methylene chloride extract (500 mg/kg) displayed 
antinociceptive activity that was comparable to that 
of the peripheral antinociceptive reference medication 
(acetyl salicylic acid) [73].
 
Diuretic Activity
Any chemical that encourages the production of urine 
is referred to as a diuretic. It's a diuretic that promotes 

diuresis in a nutshell. Diuretics diminish the amount 
of blood flowing through the cardiovascular system 
by encouraging the evacuation of urine (measured as 
urine volume [UV] discharged) and urinary sodium 
(UNa) from the body. Caceres et al. conducted a trial 
in which they gave a powdered extract of the complete 
plant (F. vulgare) to conscious animals and found that 
it had no impact on UV or UNa. The ethanolic extract 
of the fruit of F. vulgare showed outstanding diuret-
ic action, proving the older folk claim of F. vulgare, 
which was recorded in the United States of America. 
The fruit extract had a diuretic effect that was statisti-
cally significant [74]. In mice with a urine production 
nearly double that of the control group, F. vulgare 
produced diuresis (500mg/kg dosage) was equivalent 
to that of the reference diuretic drug urea (960mg/
kg dose). Changes in sodium and/or potassium ex-
cretion were not linked to diuresis [75]. The authors 
also found that F. vulgare had no influence on the 
noradrenalin contractile responses of aortic rings in 
another phase of the investigation, suggesting that it 
acted primarily as a diuretic and natriuretic with little 
effect on arterial vascular tone [76]. 

Cardiovascular Activity
Aqueous extracts of F. vulgare leaves have been 
shown to have possible cardiovascular effects. Pento-
barbital-anaesthetized male albino Sprague-Dawley 
rats were used to test this effect. The lyophilized 
boiling water extract of leaves exhibited a substantial 
dose-related drop in arterial blood pressure without 
changing heart rate or respiration rate when given in-
travenously. The nonboiled aqueous extract, on the 
other hand, has virtually little hypotensive action. The 
hypotensive impact of the boiling water extract did 
not appear to be mediated by adrenergic, muscarinic, 
ganglionic, or serotonergic receptors, although hista-
mine antagonists did block the hypotensive effect in a 
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dose-dependent manner [77].

Oculohypotensive Activity
Using a water loading and steroid induced glauco-
ma paradigm, the aqueous seed extract of F. vulgare 
showed considerable oculohypotensive action. At 0.3 
%, 0.6 %, and 1.2 % (w/v) concentrations, this extract 
reduced intraocular pressure by 17.49, 21.16, and 
22.03 % in normotensive rabbits, respectively. In a 
water loading experimental animal model, a maximum 
mean difference of 31.20 % was detected between ve-
hicles treated and extracts treated eyes, while a max-
imum mean intraocular pressure decrease of 31.29 % 
was recorded in a steroid induced glaucoma model. 
Thus, the aqueous extract of F. vulgare showed oc-
ulohypotensive action that was comparable to that of 
timolol, a reference standard antiglaucoma medication 
[78].
 
Estrogenic Activity
For centuries, F. vulgare has been utilised as an es-
trogenic substance. It has been said to boost libido, 
encourage menstruation, ease labour, lessen the ef-
fects of the male climacteric, and improve milk sup-
ply. In a study, it was shown that the extract of fennel 
increased serum concentrations of follicle-stimulating 
hormone and decreased the yolk hormones and testos-
terone in treatment groups [79]. In another study Devi 
et al. investigated fennel fruit acetone extract effect 
on mammary gland and oviduct. The outcomes of this 
investigation supported this plant seed extract's ef-
fects on natural oestrogen [80]. Anethole, the primary 
component of fennel essential oil, is thought to be the 
active oestrogenic substance. Anethole polymers like 
diantethole and photoanethole may really be the phar-
macologically active substances, according to several 
other investigations [81].
 
Hepatoprotective Activity
There have been reports that the fennel essential oil 
possesses hepatoprotective properties. Fennel es-
sential oil was reported to reduce the hepatotoxicity 
caused by acute CCl4 injection in a research, with 
evidence of lower levels of blood AST, ALT, alka-
line phosphatase (ALP), and bilirubin [82]. In another 
study, fennel oil has shown a significant hepatopro-
tective effect against CCL4-induced liver damage in 
rats. Therefore, people who suffer from liver illnesses 
linked to oxidative stress may benefit from the use of 
fennel oil in dietary formulations [83].
 
Antidiabetic Activity
A research study showed aqueous extracts from fen-
nel, affected blood sugar levels and had anti-diabetic 
effects. The results showed that the extract might be 
helpful for diabetic patients to regulate blood glucose, 

and that regular usage could be successful in lowering 
chronic problems related to diabetes [84]. To evalu-
ate the effect of fennel on blood sugar reduction, a 
study was conducted on streptozotocin-diabetic rats. 
According to the results, fennel extract reduces hy-
perglycemia in diabetic rats, which is partly due to the 
herb's impact on the oxidation/restored system. Con-
sequently, this plant can be utilised in the pharmaceu-
tical industry to create anti-diabetic drugs [85].

Memory-Protective Activity
Fennel herbs are said to be used to improve memory 
and intelligence. So, it was investigated how fennel 
extract affected memory in amnesic rats. The findings 
indicated that this extract has the ability to improve 
memory [20]. In a research by Joshi et al., the an-
ti-acetylcholinesterase and neurotropic effects of fen-
nel extract on mice were examined. The results of this 
investigation demonstrated a substantial inhibition 
of acetylcholinesterase by fennel extract. This study 
suggests that fennel may be useful in the treatment of 
cognitive illnesses including dementia and Alzheim-
er's [86].
 
Clinical Studies
 
Dysmenorrhea
Omidvar et al., (2012) investigated to see if F. vulgare 
had a clinical effect on primary dysmenorrhoea. The 
study group received a 30 mg fennel extract capsule 
from the start of their menstrual period, whereas the 
placebo group received a capsule containing wheat 
flour in the same dose. A 10-point linear analogue 
approach was used to assess pain intensity. In terms 
of pain alleviation, the study group outperformed the 
placebo group (P:0.05). According to the findings, 
fennel is an efficient herbal treatment for menstruation 
pain [87]. The effects of oral fennel drop for treating 
primary dysmenorrhea were studied by Bokaie et al., 
(2013) [88].  Fennel appears to be helpful in lowering 
the severity of dysmenorrhea. 

Menopause
Archer et al., (2017) study reported that fennel may 
help postmenopausal women manage their menopau-
sal symptoms. Ninety postmenopausal women were 
randomly allocated to treatment or placebo groups in 
this triple-blind, placebo-controlled experiment. The 
subjects were given either 100 mg fennel soft capsules 
or a placebo. Before the intervention, the groups had 
equal mean scores on the Menopause Rating Scale 
(MRS) questionnaire. The treatment group's mean 
MRS score decreased significantly after intervention. 
The findings suggested that fennel is a safe and effec-
tive medication for reducing menopausal symptoms in 
postmenopausal women [89]. Mahdavian et al., (2019) 
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performed  trial is to see if combined herbal remedies 
including a specified amount of fennel can help with 
menopause symptoms and the results suggested that  
physical, psychological, and urogenital categories all 
improved significantly after a 12-week extracts treat-
ment [90].
 
Overweight
 In another study, Bae et al., (2015) investigated us-
ing drinking tea made from the medicinal herb fennel 
affected overweight Korean women's perceived hun-
ger. In comparison to the PT, Fennel Tea consump-
tion resulted in lower hunger, less prospective food 
consumption, and increased sensations of fullness (p 
0.05). Fennel Tea was found to be a highly effective 
assistance in suppressing subjective appetite in over-
weight women in South Korea [91].

Idiopathic Hirsutism
Akha et al., (2014) performed trial to see if fennel top-
ical gel may help with mild to moderate idiopathic hir-
sutism. After 24 weeks, the hair thickness of patients 
who received fennel gel decreased from 97.931.5 to 
75.626.7 micron (P0.001). Results suggested that fen-
nel gel at 3% is beneficial in reducing hair thickness in 
women with idiopathic mild to moderate hirsutism [92].

Dental Decay
Saliva is an oral fluid that acts as a barrier against 
dental decay. The Indian Subcontinent has a tradition 
of chewing fennel seeds after meals. The Manohar et 
al., (2020) wanted to measure the baseline pH of sa-
liva as well as the changes in salivary pH after eating 
fennel seeds and results suggested that fennel seeds, 

Figure 3. Clinical studies of fennel formulation of various disorders

when chewed, raise the pH of saliva, making it an ef-
fective anticariogenic agent [93].

Irritable Bowel Syndrome
The efficacy of bio-optimized turmeric and essential 
fennel oil extracts in irritable bowel syndrome (IBS) 
patients was investigated by [94] in an open pilot trial. 
The results of this "real-life" study show that the com-
bination of curcumin and fennel essential oil may be a 
useful therapeutic approach in IBS patients, owing to 
its beneficial effects on both symptoms and quality of 
life (QoL), at least for the time period observed. 

Osteoarthritis
Alazadeh et al., (2020) investigated to explore if the 
seed extract of F. vulgare could help women with 
knee osteoarthritis. The fennel group had a higher per-
centage change than the placebo group as well as the 

impact magnitude was larger in the fennel group than 
in the placebo group, especially in the pain variable 
based on the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) questionnaire 
and Visual Analog Scale (VAS). The findings sug-
gested that fennel could be a good supplemental treat-
ment option for patients with knee osteoarthritis [95].
Figure 3 explains the clinical studies of fennel formu-
lation of various disorders.

Conclusion
Fennel is well known for its traditional uses like car-
minative, diuretic, amenorrhoea, and galactogogue. 
Even according to ayurveda it is believed to aggra-
vates pitta dosha in the body and also pacify vata do-
sha. The main components are analysed in fennel are 
trans-anethole, limonene, fenchone, p-coumaric acid 
and estragole and some of them exhibits pharmacolog-
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ical activities like anti-inflammatory, anti-cancer and 
anti-diabetic activity. Pharmacology of metabolites 
explains that fennel can be more beneficial, then it is 
discussed till now in the experiments. In this review, 
pharmacological activity of fennel is also discussed 
although more pharmacological activity of fennel can 
be tested according to its traditional uses and pharma-
cology of its metabolites. Clinical studies confirm the 
activity of fennel to treat the dysmenorrhoea, meno-
pause, dental decay and irritable bowel syndrome. In 
conclusion, various studies are conducted on fennel 
and more research studies can be done to explore the 
medicinal uses fennel. It could be incorporated in a 
successful formulation having define markers and  
productive medicinal uses.
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