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REVIEW ON CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES OF GENUS REVIEW ON CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES OF GENUS 
FERULA FERULA 

Abstract Abstract 
Genus Ferula comprises about 220 species of flowering plants belonging to family Apiaceae, distributed 
in the Mediterranean region and Asia and used in the treatment of different diseases as anti-oxidant, 
aphrodisiac, carminative, antinociceptive, anti-depressant, antibacterial, anti-fungal, anti-leishmanial, and 
anti-inflammatory. Moreover, species of this plant are used for dizziness, asthma, bronchitis, and 
gastrointestinal discomfort. It was reported that all the pharmacological effects of these plants are 
due to the presence of different phenolic constituents including flavonoids, sesquiterpenes, coumarins 
and polysulfides. Sesquiterpene coumarins were responsible for the anti-inflammatory and anti-cancer 
activities by blocking the 5-lipoxygenase enzyme that catalyzes the biosynthesis of leukotrienes (LTs) 
being a group of lipid mediators of inflammation . This review covers most of the identified chemical 
constituents of plants from the genus Ferula reported in literature between 2001 and 2023. In addition, the 
biological activities of the different species of genus Ferula are presented. 
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1. INTRODUCTION 

Genus Ferula comprises about 220 species and belongs to family Apicaceae native to the Mediterranean region 

and widely distributed in Afghanistan,  Iraq, Turkey,  East of Iran, Europe and North Africa (Sahebkar, 2010). 

They are herbaceous perennial plants growing up to 4 m height characterized by their yellow flower clusters, 

juicy stems and roots rich in resins (Amalraj, 2017). This genus has been used as sedative and for the treatment 

of several disorders such as headache, arthritis, diabetes and rheumatism. In addition the essential oils of Ferula 

have demonstrated antibacterial, antiviral, antifungal and anticancer properties (Seyyed, 2017). Asafoetida has 

a  sulfurous odor and is a popular in the Indian kitchen processing because of  its odor like garlic and onion 

(Takeoka, 2001). Ferula  is also used as a digestive aid by affecting the odor and color of some foods and thus 

increasing the appetite (Amiri, 2013). It was reported that the resin collected  from this species is used in the 

treatment of whooping cough, cholesterol, cancer and hypertension (Mahendra, 2012). It has a cardio protective 

effect in low doses, is toxic in higher doses and used in organic farming in order to kill insects (Kavoosi, 2013). 

Researchers reported that Ferula orientalis was used as stimulant  and aphrodisiac (Aysu, 2013). Reports of the 

chemical components of many of  genus of Ferula determined the presence of coumarins, sesquiterpenes, 

hyperoside, chlorogenic acid and caffeic acid responsible for diverse pharmacological effects and antioxidant 

activity (Hatice, 2021). Twenty two constituents mainly monoterpenes were identified in Ferula microcole from 

the oil (Amiri, 2013). In addition, a study performed on  F. hermonis  growing in Lebanon has revealed its 

neuroprotective potentials (Raafat, 2016; & El-Lakany, 2015). Reports of the chemical constituents of many of 

them suggested their use in cosmetic preparations and pharmaceuticals thus replacing the synthesized toxic 

antioxidants (Sahebkar, 2010). This article aims to provide an overview of chemical constituents, medical 

uses,  pharmacological activities and safety of Ferula species indicating their impact in phytotherapy and the 

possibility of including some of them in the field of drug industry. 

 

Table 1: Figures of the most common Ferula species 

Ferula species Illustration Ref. 

F. assafoetida 

 

(Amalraj et al., 2017) 

F. communis 

 

(Akaberi, et al., 2015) 

F. elaeochytris Korovin 

 

(Aydogan., et al., 2020). 
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F.  gummosa 

 

(Amir, et al., 2022) 

F. hermonis. Boiss 

 

(Karim, et al., 2019) 

F. jaeschkeana 

 

( Ubaid et al., 2017) 

 

 

 

 

 

 

 

 

 

F . microcolea 

 

(Usama et al., 2013) 

F. orientalis L 

 

(Aysu et al., 2013) 
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Table 2. Sesquiterpene coumarins isolated from the genus Ferula 

Name Ferula species 

(Part used)  

Structure Reference 

Assafoetidin F. assafoetida  

(Flowers) 

 

(Augustine et al., 

2017) 

 

 

 

Assafoetidinol A F. assafoetida 

(Leaf & gum 

extracts)   

 

(Augustine et al., 

2017) 

 

 

Conferol F. assafoetida   

 

 (Akaberi et al., 

2015) 

 

Franesiferol B F. assafoetida 

(Leaf & gum 

extracts)   

 

(Augustine et al., 

2017) 

 

 

 

 

 

Franesiferol C F. assafoetida 

(Leaf & gum 

extracts)   

 

 (Akaberi et al., 

2015) 

 

 

Galanic acid F. assafoetida 

(Leaf & gum 

extracts)   

 

(Niazmand et al., 

2021) 

Umbelliprenin Ferula 

szowitsiana 

(Leaf & gum 

extracts)   

 

Ferula sinkiang

ensis (Leaf & 

gum extracts)   

 

 

 

 

 

(Omid et al., 2012) 

 

 

(Lijing et al., 2015) 

 

 

2,3-dihydro-7-

hydroxy-2,3-

dimethyl-3-

[40,80-dimethyl-

30,70-

nonadienyl]-

furo[3,2,c]couma

rin 

Ferula caspica 

M. Bieb 

 (aerial parts) 

 

(Cigdem et al., 

2015) 

3

Boukhary et al.: REVIEW ON CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES OF GENUS FERULA

Published by Digital Commons @ BAU, 2024

https://pubmed.ncbi.nlm.nih.gov/?term=Akaberi%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Akaberi%20M%5BAuthor%5D


 

 

 

Table 3. Sulfur compounds isolated from the genus Ferula 

 

 

 

 

 

 

Name Ferula species 

(Part used)  

Structure Reference 

2-butyl-1-propenyl 

disulfide 

F. assafoetida (Leaf & 

gum extracts)   

 

(Augustine et al., 2017) 

(Takeoka.,2001) 

1-(methylthio) propyl1-

propenyl disulfide 

F. assafoetida (Leaf & 

gum extracts)   

 

(Augustine et al., 2017) 

2 –buthyl- propyl disulfide F. assafoetida (Leaf & 

gum extracts) 

 

(Takeoka. et al., 2001) 

3,4 dimethylthiophene 

 

F. assafoetida (Leaf & 

gum extracts) 

 

 

 

 
 

 

(Augustine et al., 2017) 

Asadisulfide F. persica (Leaf & gum 

extracts) 

 

 

 

 

 
 

(Iranshahi et al., 2006) 

1-(methylthio)propyl 

propyl disulfide 

 

 

 

 

 

F. assafoetida (Leaf & 

gum extracts) 

 

(Iranshahi et al., 2006) 

2- butyl methyl trisulfide F. assafoetida (Leaf & 

gum extracts) 

 

(Iranshahi et al., 2006) 

 

 

 

 

 

Foetisulfide A F. assafoetida (Leaf & 

gum extracts) 

 

(Augustine et al., 2017) 

Foetisulfide C F. assafoetida (Leaf & 

gum extracts) 

 

(Augustine et al., 2017) 
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Table 4. Flavonoids isolated from the genus Ferula 

Name Ferula species 

(Part used)  

Structure Reference 

Kaempferol-3-O-b--

rhamnopyranoside 

Ferula caspica M. Bieb 

 (aerial parts) 

 

(Cigdem et al., 

2015) 

kaempferol-3-O-a-

rhamnopyranoside 

 

Ferula caspica M. Bieb 

 (aerial parts) 

 

(Correia et al., 

2008) 

kaempferol F. hermonis. Boiss (roots) 

 

(Karim et al., 2019) 

Quercetine-3-O-b-

glucopyranoside 

Ferula caspica M. Bieb 

 (aerial parts) 

 

(Han et al., 2004) 
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Quercitrin Ferula orientalis L. (aerial 

& root extracts) 

 

 

(Hatice et al., 2021) 

Quercetin 

 

Ferula orientalis L. (aerial 

& root extracts) 

 

 

(Hatice et al., 2021) 

Naringenin  

Ferula orientalis L. (aerial 

& root extracts) 

 

 

 

(Hatice et al., 2021) 

 

Orientin 

 

Ferula orientalis L. ( aerial 

& root extracts) 

 

 

 

 

 

 

 

 

 

 

 

 

(Hatice et al., 2021) 

3',4',5,7-

tetrahydroxyflavone. 

 

 

 

 

 

 

Ferula schair and  F. 

samarkandica 

 

(Savinoz et al., 

2019) 
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2. PHARMACOLOGICAL ACTIVITIES 

2.1. Antioxidant and Anti-Inflammatory Activities 

The potential antioxidant activity was documented in several reports proving the antioxidant potential for 

methanol extracts of the aerial parts of F. assafoetida at different concentrations using DPPH radical scavenging 

activity, nitric oxide-scavenging activity and fe2+chelating activity by which antioxidant effect, total phenolics 

and flavonoids were calculated. They obtained a good Fe(2+) chelating ability (IC(50) was 0.57 +/- 0.02 mg 

ml(-1)) and nitric oxide-scavenging activity (IC(50), was 270 +/- 3)  in correlation to the isolated major products 

Phenol and 2-methyl-5-(1-methylethyl). (Dehpour et al., 2009). 

In addition several studies carried out on F. microcolea indicated that antioxidant activity of the methanol 

extracts of aerial parts was higher than that of the essential oil. For this reason, the methanol extracts of Ferula 

microcolea may be used as  an alternative additive in foods, pharmaceuticals, and cosmetic preparations instead 

of toxic artificial antioxidants. Further studies are needed for better clarifying the cytotoxicity and other 

biological properties of this plant (Amiri et al., 2013). 

Further studies were carried out to evaluate the antioxidant effect of F. szowitsiana. The compound Aurapten 

exhibited antigenotoxic properties on DNA damage in human T cells through superoxide anion inhibition. It 

significantly decreased the genotoxicity induced by H202 at different concentrations. Remarkably, its 

effectiveness was superior to that of ascorbic acid. (Ghasemi et al., 2021). 

 

2.2 Antidiabetic activity  

Species belonging to the Apiaceae family are widely reported for their traditional remedy of diabetes (Sahebkar, 

2010). For that, the antidiabetic activity of Ferula tunetana containing various phenolic constituents such as 

anthocyanins, phenolic acids, dihydrochalcones and flavonones was reported by (Baccari et al., 2023). In 

silico and in vitro studies were carried out on  ethyl acetate and butanol extracts of the seeds in order to 

assess the α-amylase inhibitory properties which is involved in the management of carbohydrate digestion. As 

reported, ethyl acetate seed extract exhibited the highest total phenolic content, antioxidant potential and α-

amylase inhibition activity with IC50 values of 17.39 ± 0.92 μg/ml and thus control diabetes in correlation with 

the main identified constituents including caffeic,  vanillic,  and neochlorogenic acids. Ethyl acetate extract was 

found to have the best inhibitory activity leading us to develop newly safe treatment for diabetes in the future 

(Rahimi et al., 2016). 

In addition a study carried out by Karim et al., on Ferula hermonis. Boiss. ethyl acetate root extracts exerted 

notable hypoglycemic activities by ameliorating DM and long standing diabetes complications in comparison 

to tramadol and glibenclamide GB, as positive controls in correlation to ferutinin (1.4 folds more effective than 

GB). Other studies reported that  F. varia and F. pseudoreoselinum showed the most potent potential of alpha-

amylase inhibition as they are rich in 4-Terpineol and alpha-pinene (Youssef., 2020). 

Moreover, Sonigra et al., investigated the hypoglycemic effect of the essential oils of F. gummosa on 

streptozotocin-induced diabetic rats for 30 days then lipid profiles and serum glucose that shows significant 

reduction in  triglycerides level  in diabetic rats (Karimlar et al., 2019). 

 

2.3 Aphrodisiac activity 

A study carried out by Aydogan et al. determined the aphrodisiac property of genus Ferula in the treatment of 

male sexual dysfunction by carrying out the study on the oleo gum and roots of  F. elaeochytris Korovin, F. 

assa-foetida L., F. communis L., and F. gummosa Boiss. (Aydogan et al., 2020). The research revealed that the 

isolated sesquiterpene from the chloroformic extract  known as ferutinin administered orally as 10 mg/kg in 

male rats was the most efficient aphrodisiac compared to a subcutaneous control and to other sesquterpenoids 

and thus ejaculation latencies were prolonged. 

Another study performed proved the aphrodisiac effect of Ferula drudeana Korovin root extracts administered 

orally to male rats. (Alqarni et al., 2020). These results supported the folkloric use of different Ferula species 

for male sexual impotency as the sexual behavior of male rats was enhanced.  

 

 

2.4 Antidepressant Properties  

Ferula species revealed prominent antidepressant activity  by acting directly on serotonergic pathways in 

parallel with their antioxidant activity as patients suffering from Depressive Disorder have important levels of 

free radicals provoking this illness. As known, monoterpenes are one of the main important compounds exerting 

antidepressant effect by acting via the monoaminergic pathway (Guzmán et al., 2015).  

A study performed on mice  showed that essential oil of  F. gummosa containing α-pinene, β-Pinene, bulnesol, 

β-myrcene α-Bisabolol as major components exerted an important antidepressant  effect similar to Fluoxetine 

and higher than Impiramine which is promising for the development of drugs treating this illness in the future 

(Abbasi et al., 2015). In addition, in another study, α-pinene was found at higher levels in the rats’ brains 

suggesting its penetration through the blood brain barrier and  as well proving its direct action on GABA 

receptors (Kasuya et al., 2015). For this reason Genus Ferula demonstrates a direct effect and is an excellent  

candidate for the management of depression in future upcoming studies. 
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2.5 Antimicrobial activity  

Most antimicrobial bioactive compounds in plants are anthraquinones, sesquiterpene coumarins and flavonoids 

which are effective against several human pathogenic bacteria (Mostafa et al., 2011). 

 

Augustine et al. reported that crude extracts of F. asafoetida were evaluated for their antimicrobial activity 

against diverse bacterial and  fungal and strains (Augustine et al., 2017). It was shown that the aqueous, ethyl 

acetate, ethanol and methanol extracts showed considerable effect against Staphylococcus aureus, Bacillus 

subtilis, Pseudomonas aeruginosa, Aspergillus niger and Escherichia coli by adopting the agar disc diffusion 

method. This exerted effect is due to the presence of  sesquiterpenes and sulfur compounds. Agar disc diffusion 

assay yielded an inhibitory zone of 4-16 mm diameter. Asafoetida can be recommended for therapeutic and 

medicinal purposes. Moreover, hexane extracts of white and red asafoetida have shown the maximum 

antibacterial activity against Shigella flexneri (Bhatnager et al., 2015). 

 

Another study was conducted in order to determine the significant antimicrobial activities of sesquiterpenes 

isolated from F. kuhistanica against methicillin-sensitive and methicillin-resistant S. aureus (Tamemoto et al. 

2001). Furthermore, a research reported that the essential oil extracted from F. tunetana seeds  inhibited fungi 

and Gram (+)/Gram (-) bacteria (Znati et al., 2017). 

 

Other species such as Ferula hermonis Boiss. showed inhibitory effects against many strains of fungus such 

Trichophyton mentagrophytes and showed more activity than nystatin and amphotericin B. This activity is 

correlated to the occurrence of α-pinene and α-bisabolol identified by NMR in roots and rhizomes.  (Al-Ja’fari 

et al., 2011). 

 

2.6 Anticancer activity 

In different studies, several Ferula species showed valuable effects as cancer chemopreventive agents (Valiahdi, 

et al., 2013). The anticancer activity and antimetastasis effects of F. assafoetida oleo gum resin in a mouse 

mammary tumor model was reported the first two weeks using the metastasis-specific mouse mammary 

carcinoma 4T1 cells model as they look like metastatic breast cancer in human patients and are considered as 

suitable model for evaluation of the efficacy of anti-cancer drugs (Taheri et al., 2012). 

 

Further study was carried out by Panwar et. al,  and determined  the chemopreventive potential 

of diverse doses of F. asafoetida oleo-gum-resin on 1,2- dimethylhydrazine induced rat colon carcinogenesis 

by evaluating tumor size in rats. The minimum dose of asafoetida (10 mg/100 g) exhibited more prominent 

effect as it continuously influenced all the tested biochemical parameters which can be used as a promising 

chemopreventive agent against colon carcinogenesis (Augustine et al.,2017).  

2.7 Memory enhancing activity 

As known, the memory loss is one of the main symptom occurring in greater number t of humans suffering 

from Alzheimer's disease everywhere. Vijayalakshmi et al investigated the effect of the F. asafetida extract on 

learning and memory and learning in rats (Vijayalakshmi et al., 2012). Memory enhancing potential of F. 

asafetida is caused by the inhibition of  acetylcholinesterase inhibiting and due to its valuable antioxidant 

properties. For this reason, it can be used in the treatment of dementia (Bagheri et al., 2015). In addition,  F. 

asafoetida accelerate the healing in peripheral nerves  and is also proved  by the histological and behavioral 

studies by stimulating axonal regeneration (Moghadam et al., 2014) . 

 

3. DISCUSSION  

Plants are a rich source of phytochemicals exerting various biological activities. Their  functional properties are 

related to a great number of secondary metabolites (Murugan et al., 2014). It is well known that free radicals 

are the chief cause of a range of chronic and degenerative diseases like heart disease, inflammation, diabetes, 

pneumonia and cancer (Mondal et al., 2019). As well known, the role of plant in treating diseases is correlated 

to the presence of phytochemicals like phenolic compounds including tannins, sulfur compounds, flavonoids 

and sesquiterpenes….. Flavonoids act as potent antioxidants depending on their molecular structures and the 

position of the hydroxyl group on the structure (Ghassan et al., 2023). Several of these phytochemicals are 

limited to this genus so they may be considered as chemotaxonomic markers. This literature review of the 

phytochemistry and pharmacology of genus Ferula revealed that the anti-inflammatory and anti-oxidant activity 

of different species mainly F. assafoetida, F. hermonis. Boiss, F. tunetana, F. szowitsiana and F. microcolea 

are due to their high phenolic compounds including flavonoids like quercetin, naringin  and orientin, playing an 

important role as free radical scavengers and thus treating heart, cerebral diseases and tumors too. Moreover, 

the resulted antioxidant activity of F. microcolea cultivated in Iran is correlated also to the presence of 

monoterpenes α-pinene  and β-pinene obtained by gas chromatography that ascertain it. (Amiri et al., 2013). 

Moreover, this review showed the antidiabetic activity of genus Ferula as reported by Baccari et al. and 

demonstrated by an in vitro studies carried out on ethyl acetate and butanol extracts of the seeds of F. tunetana 
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by assessing the α-amylase inhibitory properties involved in the management of carbohydrate digestion as a 

result of its rich contents in flavonoids, stilbenes and phenolic acids. In addition, an in vivo study carried out by 

Karim at al proved that F hermonis. Boiss growing in Lebanon was the best one exerting a highest hypoglycemic 

effect as it is rich in flavonoidal aglycone kaempferol and phytoestrogen ferutinin identified by HPLC and 

obtained from ethyl acetate root extracts.  In addition, the aphrodisiac property of genus Ferula such as F. 

elaeochytris Korovin, F. assa-foetida L., F. communis L., and F. gummosa Boiss in the treatment of male 

sexual dysfunction was revealed too and provoked by sesquiterpenes mainly ferutinin. (Aydogan., et al 2020). 

Furthermore, it showed the broad antimicrobial potential of both alcoholic and aqueous extracts of Ferula 

asafetida against diverse bacterial and fungal strains by adopting the agar disc diffusion method showing 

considerable effect against Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, Aspergillus 

niger and Escherichia coli  due to their sesquiterpenes and sulfur compounds. Accordingly, its essential oil 

provokes an important antibacterial and anti fungal effects due to high contents of bicyclic monoterpenes [α-

pinene and β-pinene]. (Augustine et al., 2017). 

 

4. CONCLUSION 

This review of genus Ferula highlights a variety of bioactive compounds present mainly flavonoids, sulphur 

compounds, and  sesquiterpene coumarins which have the potential to be targeted in drug manufacturing and 

expansion for the treatment of several diseases that provide scientific evidence for some folkloric and popular 

uses in several fields. Based on the results we conclude that Ferula species have potent antimetastasis and 

antitumor effects on breast cancer and is a potential source of natural antitumor agents. Hopefully, based on the 

promising results collected in this manuscript, we recommend further research to be carried out on the extracts 

of plants of this genus for the extraction and identification of  further  molecules which will be responsible for  

new biological activities. We recommend also to carry out further studies to better understand the cytotoxicity 

and other biological properties of plants in this genus  which will be  useful for use in industrial pharmacy. We 

urge that more research be done on the extracts of plants of this genus in order to identify and extract more 

compounds that will be responsible for new biological activities, based on the encouraging data gathered in this 

work. 
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