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1. Introduction

Medicinal herbs play an important role in traditional 

and modern medicine and have been used in order to 

human health care since ancient years (Fasihzadeh et 

al., 2016; Ghasemi and Lorigooini, 2016; Rabiei et al., 

2015; Hoseinpour et al., 2021). Various studies have 

shown the beneficial effects of these plants in many 

diseases including Alzheimer's (Rabiei et al., 2014), 

atherosclerosis (Nasri et al., 2013; Lorigooini et al., 

2014; Lorigooini et al., 2015; Hosseinpour et al., 

2017), diabetes (Mirhoseini et al., 2013; Baradaran et 

al., 2013) and cancer (Shirzad et al.,  2013;  Shirzad  et  

al., 2011). The results of these studies regarding the 

production of alternative drugs to replace synthetic 

drugs for these diseases have been promising. Iran also 

has a long history of using herbal remedies in 

traditional medicine. It is said that 7500 species of 

medicinal plants have been found in Iran (Rezazadeh et 

al., 2003).  

Ferula persica has been used in traditional medicine 

as an antispasmodic, anti-bloating, and laxative agent 

to treat indigestion with bloating and constipation and 

has also been used in the treatment of neurologic 
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diseases, epilepsy, and various pains, especially joint 

pain (Samsam shariat, 2007; Zargari, 1988). Recent 

studies have led to the discovery of some biological 

activities of F. persica, including antimicrobial, 

antitumor, anti-inflammatory, and morphine-related 

side effects reducing. In January 2017, a review article 

on evidence regarding the phytochemicals and 

pharmacological impact of F. persica reported in 2016 

was published (Sattar and Iranshahi, 2017). 

The present study examined the pharmacological 

effects of F. persica more extensively by 2022, fully 

explaining its use in traditional medicine, describing 

the secondary metabolites in its essential oil and extract 

separately, as well as its toxicity that has recently been 

evaluated. This review aims to address the findings on 

the botany, secondary metabolites, applications in 

traditional medicine, pharmacological effects, and 

toxicity of Ferula persica from 2000 to 2022. 

2. Materials and Methods 

To conduct this review, firstly, botany & traditional 

medicine applications of F. persica are addressed. 

Subsequently, the pharmacological effects of this 

medicinal plant in various studies reviewed. For this 

purpose, the articles indexed in PubMed, Google 

Scholar, Science Direct, Wiley Online, and Taylor & 

Francis and published before 2023 were retrieved. 

Articles in which the secondary metabolites, biological 

activities and toxicity of F. persica had been depicted, 

were selected. 

3. Botany 

The genus Ferula belongs to the Apiaceae family, 

consisting of 260 species extending from Central Asia 

to the west across the Mediterranean region to Northern 

Africa (Mozaffarian, 1983; Evans, 1989; Mozaffarian, 

1998). The genus Ferula in Iran includes 30 species, 

half of which are native to Iran (Mozaffarian, 1983; 

Mozaffarian, 1998), and half of these species are 

distributed in Anatolia, Central Asia, Afghanistan, 

Turkey, China, and the former Soviet Union, as well 

(Mozaffarian, 1998). 

These species include perennial plants frequently 

found in mountainous areas and occasionally occurring 

in deserts. The endemic species of the genus in Iran, 

include Ferula asafetida, Ferula gummosa Boiss, and 

Ferula persica willd. F. asafetida and F. gummosa 

often occur in the highlands of the Iranian mountains, 

especially in the northern highlands and the 

surrounding areas of Damavand (Zargari, 1988; 

Akhondzadeh, 2000). 

F. persica has two varieties, i.e., F. persica var. 

latisecta and F. persica var. persica. The two varieties 

differ in the leaf size such that F. persica var. latisecta 

has broad leaves, and its lip (end fragments) is about 6-

10 mm, while it is about 3 mm in F. persica var. 

persica. The stem height of this species is about 100-

150 cm, and its petals are yellow, green-white, and 

long yellow or oval with a fully curved apex 

(Mozaffarian, 2004). 

This plant is monocarpic, i.e., disappears after 

flowering and fruiting (Mozaffarian, 1998). Areas of 

distribution of F. persica include Mazandaran, Tehran, 

Semnan (Damghan), Alborz, and Qazvin provinces 

(Jalili and Jamzad, 1999). 

4. Traditional medicine uses 

Traditional medicine uses F. persica gum and resin 

as an antispasmodic, anti-bloating, laxative, 

expectorant, to treat indigestion with bloating and 

constipation, neurologic disorders, epilepsy, and 

various pains, especially joint pain (Zargari, 1988; 

Samsam shariat, 2007). Other reports suggest that F. 

persica is used as an anti-hysteria for treating 

rheumatism and low back pain (Zargari, 1988; Eigner 

and Scholz, 1990; Afifi and Abu-Irmaileh, 2000). F. 

persica is also known to treat muscle spasms and ileum 

contraction (Mandegary et al., 2004). This medicinal 

plant has also been reported as a hypotensive agent 

(Samsam shariat, 2007), and its root has been used to 

treat diabetes in traditional medicine (Afifi and Abu-

Irmaileh, 2000). 

F. persica has also been said to be a diuretic, 

alexipharmic, and emmenagogue (Musto, 2009), and is 

used to treat kidney stones, gout, and stomach worms 

(Mirheidar, 2003). One study reported that the edible 

form of F. persica that cooked with steam, is used as a 

spice for treating sinusitis, low back pain, pododynia, 

and heart oxygenating (Ahvazi et al., 2012). 

5. Secondary metabolites 

Ferula species are rich in secondary metabolites 

classified into two parts: extract-derived and essential 

oil-derived. 



Hoseinpour
 
et al., Journal of Medicinal Herbs, Vol. 13, No. 4: 1-15, 2022 

 

3 
 

5.1. Extract-derived secondary metabolites 

The phytochemical investigations of extract of the 

seed, root, and aerial parts of different species of the 

genus Ferula have shown various compounds, 

including terpenes, glycosides of sesquiterpene 

coumarins, terpenoid compounds such as alpha-pinene 

and beta-pinene, alkaloids and cardenolides 

(Mandegary et al., 2004; Iranshahi et al., 2008a), the 

sulfur-containing compounds include asadisulphide and 

rutadisulfides (Iranshahi et al., 2003), Umbelliprenin 

(Barthomeuf et al., 2008) and phytosterols such as 

stigmasterol and sitosterol (Iranshahi et al., 2008a). 

The names of isolated and identified compounds are 

listed in Table 1. The structural formula images of 

these compounds have already been given in Sattar and 

Iranshahi's review article (Sattar and Iranshahi, 2017). 

5.2. Essential oil-derived secondary metabolites 

In the aerial parts of F. persica, the relative 

frequency of monoterpene hydrocarbons is less than 

10%, and that of oxygenated monoterpenes is around 

15%, and in its root, about 25%. The frequency of 

sesquiterpene hydrocarbons in the aerial parts is less 

than 5%, and in the root, over 10%. The frequency of 

oxygenated sesquiterpenes in the aerial parts is 

negligible, at about 1% (Sahebkar and Iranshahi, 2010). 

In a study, the chemical composition of F. persica 

essential oil determined using Gas Chromatography. In 

this study, 61 compounds were identified, accounting 

for 93.7% of the total essential oil.  

The main compounds of the essential oil obtained 

from the aerial parts of this plant include dill-apiol 

(57.3%), elemicin (5.6%), and limonene (4.4%) 

(Javidnia et al., 2005). In another study, alpha-pinene 

(33.5%), camphene (11.7%), spathulenol (8.2%), and 

citronellyl acetate (5.3%) were identified in essential 

oil of aerial parts of the F. persica var. persica. In this 

study, the main compounds isolated from the essential 

oil of aerial parts of F. persica var. Latisecta were 

reported to be alpha-pinene (55%), camphene (20.5%), 

spathulenol (6%), and limonene (4.8%) (Kanani et al., 

2011). 

Iranshahi et al. (2006) studied the essential oil of F. 

persica Wild var. persica root using GC and GC-MS 

and identified 39 compounds which represented 82% of 

the essential oil. Sulfur-containing compounds, 

including dimethyl trisulfide (18.2%), myristicin 

(8.9%), and dimethyl tetrasulfide (7.6%) were the main 

compounds (Iranshahi et al., 2006). 

In another study by Izadinia (2019), the 

phytochemistry of the essential oil of F. persica leaf 

and flower was evaluated using GC and GC-MS. Thirty 

one (94.4% of total essential oil) compounds were 

recognized in the essential oil of the leaf. α-pinene 

(19.7%), ß-pinene (8.3%), Menthol (8.3%), and 

Myrcene (6.8%) were the main components, and 12 

compounds identified in the essential oil of flower 

(90.2% of total essential oil). α-pinene (22.6%), 

Bicyclogermacrene (17%), ß-phellandrene (16.8%), 

Spathulenol (8.4%), and Myrcene (7.5%) were the 

main component (Izadinia, 2019). No studies have yet 

been performed to isolate secondary metabolites from 

gum extracts or essential oils of this plant.  

6. Pharmacological effects 

Recent investigations have led to the discovery of 

certain new biological activities for the plants of the 

Ferula genus, including antimicrobial, antifungal, 

antiviral, anti-leishmaniasis, analgesic, anti-

inflammatory, antiepileptic, antioxidant, 

antimycobacterial, inducing apoptosis in melanoma 

cancer cells, matrix metalloproteinase inhibitor, cancer 

preventing, microbial pigments formation inhibiting, 

antispasmodic and hypotensive (Sahebkar and 

Iranshahi, 2010), of which antimicrobial, antitumor, 

morphine-induced side effects lowering activities, etc. 

can be attributed to F. persica. The biological activities 

of the plants belonging to this genus are related at least 

partly to their essential oils (Sahebkar and Iranshahi, 

2010). 
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Table 1. Secondary metabolites of different parts of Ferula persica extracts. 

Secondary metabolite Extraction solvent Part of F. persica References 

Umbelliprenin Chloroform Root Shahverdi et al. )2006(; Iranshahi et al. )2004( 

Badrakemone Chloroform Root and aerial parts Shahverdi et al. (2006); Iranshahi et al. (2004) 

Farnesiferol A Chloroform 
Root and aerial parts Shahverdi et al. (2006); Aghbali et al. (2015); 

Iranshahi et al. (2004) 

Farnesiferol B Chloroform Root Iranshahi et al. (2004) 
Gummosin Chloroform Root Shahverdi et al. (2006); Iranshahi et al. (2004) 

Persicasulphide A Chloroform Root Shahverdi et al. (2006) 

Persicasulphide B Chloroform Root Shahverdi et al. (2006) 
Farnesiferone A Chloroform Roots and aerial parts Iranshahi et al. (2004) 

Mogoltadone Dichloromethane Root Valiahdi et al. (2013) 

Persicaoside A Chloroform and methanol Root Iranshahi et al. (2008a) 
Persicaoside B Chloroform and methanol Root Iranshahi et al. (2008a) 

Persicaoside C Chloroform and methanol Root Iranshahi et al. (2008a) 
Persicaoside D Chloroform and methanol Root Iranshahi et al. (2008a) 

Sitosterol 3-O-b-glucoside Chloroform and methanol Root Iranshahi et al. (2008a) 

Stigmasterol 3-O-b-glucoside Chloroform and methanol Root Iranshahi et al. (2008a) 

t-butyl 3-[(1-methylpropyl)dithio]-

2-propenyl malonate 
Methanol 

Root 
Iranshahi et al. (2003) 

t-butyl 3-[(1-methylthiopropyl) 
thio]-2-propenyl malonate 

Methanol 
Root 

Iranshahi et al. (2003) 

Ferulone C 
n-hexane 

 

Root 
Razavi and Janani (2015) 

Persicasulphide C Chloroform Root Iranshahi et al. (2009a) 

    

6.1. Cytotoxic and antitumor activity 

Cancer is a set of disorders that cause high mortality 

in humans and has different types. Many studies have 

been done to introduce cheaper drugs with fewer side 

effects, especially with natural sources. Shahverdi et al. 

(2006) investigated the effect of persicasulphide B and 

umbelliprenin isolated from chloroform extract of F. 

persica var. Persica on producing matrix 

metalloproteinases by fibrosarcoma cell line using 

MTT. The results showed that these compounds had 

the highest inhibitory effect at a minimum toxic dose 

(10 µg/mL) (IC50= 29.5 µg/mL). Matrix 

metalloproteinases are involved in physiological and 

pathological processes. There is some evidence that 

these enzymes are involved in tumor invasion 

(Shahverdi et al., 2006). 

Iranshahi et al. (2008) studied the effect of active 

ingredients (terpenoid coumarins) from different 

species of the Ferula genus on TPA-induced EBV EA 

activation. The results showed that Farnesiferol A with 

IC50= 13.1 nM and badrakemone with IC50= 13.3 nM 

were able to inhibit cell growth. Umbelliprenin and 

aurapten also significantly inhibited EBV-EA activity, 

indicating that they are valuable antitumor enhancers. 

The findings suggest that a prenyl component in 

terpenoid coumarins plays a vital role in antitumor 

action (Iranshahi et al., 2008b). 

In a study by Iranshahi et al. (2009), the prophylactic 

effect of umbelliprenin, a sesquiterpene coumarin, was 

evaluated on murine skin tumors in vivo. The results 

showed that umbelliprenin delayed the formation of 

papillomas by 9
th

 week and reduced the number of 

tumors per mouse by 45%. In addition, the pattern of 

tumor progression was slower by treatment with 

umbelliprenin compared with curcumin as the 

reference drug. Therefore, umbelliprenin is a valuable 

cancer-preventing agent (Iranshahi et al., 2009b). 

Khorramizadeh et al. (2010) studied the effect of 

umbelliprenin coated with Fe3O4 magnetic 

nanoparticles on the human fibrosarcoma cell line (HT-

1080) in vitro. The results showed that the combination 

of umbelliprenin and Fe3O4 nanoparticles with IC50=9 

μg/mL, prevented cell proliferation (Khorramizadeh et 

al., 2010). 

Bagheri et al. (2010) evaluated the cytotoxicity of 

Ferula species on the brine shrimp (Artemia salina) as 

a model to assess overall cytotoxicity. The results 

indicated that the methanolic extracts of F. 

diversivittata, F. persica, F. badrakema, and F. ovina 

showed dose-dependent cytotoxicity with appropriate 

LC50 values in the range of 6 – 321 µg/mL. The highest 

cytotoxicity was reported for F. badrakema fruits and 

the lowest for F. badrakema roots (Bagheri et al., 

2010). P-glycoprotein is a member of the ATP-

dependent membrane transport proteins that removes 

substrates from the cells through an ATP-dependent 

mechanism. Increased expression of P-glycoprotein in 

the tumor cells reduces intracellular drug concentration, 

reducing the cytotoxicity of a wide range of 
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chemotherapeutic agents. Accordingly, P-glycoprotein 

inhibitors are potential enhancers for the bioavailability 

of critical chemotherapeutics e.g., anthracyclines, 

taxanes, etc. (Krishna and Mayer, 2000). Different 

herbal secondary metabolites such as flavonoids, 

coumarins, terpenoids, alkaloids, and saponins can 

inhibit P-glycoprotein (Abdallah et al., 2015). In this 

regard, the study of Hanafi-Bojd et al. (2011) showed 

that farnesiferol A (0.5 µg/mL) from F. persica and 

galbanic acid (5, 10 and 25 µg/mL) from F. 

szowitsiana with sesquiterpene coumarin structure, 

both of which were isolated from the root of the plant, 

could inhibit P-glycoprotein-dependent rhodamine 123 

efflux in a doxorubicin-resistant (MCF7/Adr) breast 

cancer cell line (Hanafi-Bojd et al., 2011). 

In a study by Kasaian et al. (2015), 15 sesquiterpene 

coumarins were isolated and purified from different 

species of Ferula. 50 µM of umbelliprenin, farensiferol 

B, farenciferol C and lehmferin were used. The Flow 

Cytometry results showed that intracellular 

accumulation of doxorubicin 123 significantly 

increased in MCF7/Adr cells when treated with 

sesquiterpene coumarins. Farnesiferol B, farnesiferol C 

and lehmferin had the most significant inhibitory 

effects on the P-glycoprotein pump (Kasaian et al., 

2015). In the previous review article, this issue has 

been addressed entitled Reversal of multi-drug 

resistance (Sattar and Iranshahi, 2017). The effect of 

the methanolic extract of F. persica var. Persica and F. 

hezarlalehzarica on HepG2, A549, HT29, and MCF7 

cancer cell lines and a normal MDBK cell line using 

MTT assay investigated by Hajimehdipoor et al. 

(2012). The results showed that among the studied 

fractions including hexane, chloroform, ethyl acetate, 

pure or 50% methanol, only chloroform and hexane 

components of these plants had cytotoxic effects up to 

100 µg/mL, so that F. persica var. Persica with IC50 of 

22.3-71.8 μg/mL was more toxic than that of F. 

hezarlalehzarica with IC50 of 76.7-105.3 μg/mL 

(Hajimehdipoor et al., 2012). 

Valiahdi et al. (2013) studied the cytotoxic activity of 

various fractions of Ferula species on ovarian 

carcinoma (CH1), lung cancer (A549), and melanoma 

(SK-MEL-28) cell lines. The results indicated a 

moderate cytotoxic activity of the studied compounds 

with IC50 values in the micromolar range. The highest 

activity against CH1 and A549 lines was about conferon, 

while stylosin and tschimgine showed the most potent 

cytotoxicity against SK-MEL-28 (Valiahdi et al., 

2013). Aghbali et al. (2015) investigated the effect of 

the methanolic extract of F. persica on oral squamous 

cell carcinoma induced by 4-nitroquinoline-1-oxide (4-

NQO) in male rats. The extract at doses of 50, 250, and 

500 mg/kg was intraperitoneally administered twice a 

week for 14 weeks. The histopathological results of 

these animals' tongue tissue showed that the plant 

extract significantly reduced the severity of the 

histopathological lesions, especially squamous cell 

carcinoma and carcinoma in situ induced by 4-NQO at 

all doses (Aghbali et al., 2015). It has been said that 

umbelliprenin induces apoptosis in Jurakt cells through 

affecting caspase pathways. Umbelliprenin activates 

intrinsic and extrinsic pathways of apoptosis with 

increasing caspase 9 and 8 proteins, respectively 

(Gholami et al., 2013).  

In this regard, it has been reported that umbelliprenin 

is able to protect against the spread and recurrence of 

malignant melanoma in humans with minimal side 

effects (Barthomeuf et al., 2008). Also, the 

hydroalcoholic extracts of F. persica leaf, stem, and 

flower at doses of 50, 250, and 500 mg/kg were used, 

and the effect of the extracts on 4-NQO-induced oral 

squamous cell carcinoma was studied in male rats. In 

this regard, the blood level of Cyclooxygenase-2 was 

evaluated. This study showed that the plant could not 

reduce Cyclooxygenase-2 as a mechanism to fight 

squamous cell carcinoma and played no influential role 

in this field (Vosoughhosseini et al., 2018). 

Cyclooxygenase-2 is an enzyme produced by epithelial 

cells that stimulated with growth factors, cytokines, and 

mitogens. It produces prostaglandins in response to 

inflammation, cell proliferation and differentiation, 

angiogenesis, and metastasis. Increased 

Cyclooxygenase-2 has been reported in a variety of 

tumors, including colon, lung, gall bladder, and 

hypopharynx (Gallo et al., 2001; Shiotani et al., 2001; 

Peng et al., 2002; Vered et al., 2005; Arima et al., 

2006; Kitakawaa et al., 2006; Neville et al., 2009). 

Hoseinzadeh et al. (2020) evaluated the cytotoxic 

effect of F. persica gum essential oil on murine colon 

carcinoma (CT26) and Vero cell lines at 0.125× 10
−9

 to 

20 μl/mL and 0.125× 10
−9

 to 80μl/mL concentrations 

for 24 hours by MTT assay respectively. The results 

showed that the essential oil has dose-dependent 

toxicity on CT26 with IC50= 0.0010 μl/mL and on Vero 

cell lines with IC50= 0.3247 μl/mL. Also, it was 

expressed that the essential oil induced apoptosis in 

both cell lines. This result was determined by the 
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staining of acridine orange/ethidium bromide (AO/EB) 

(Hosseinzadeh et al., 2020). 

It should be noted that F. persica extract or essential 

oil has been used for green synthesis of silver and gold 

nanoparticles. In this regard, in another study by the 

same authors (2020), cytotoxicity and apoptosis of gold 

nanoparticles synthesized by F. persica gum essential 

oil on CT26 and Vero cell lines were evaluated. AuNPs 

induced dose-dependent cytotoxicity with IC50 values 

of 0.0024 and 0.0307 mg/mL against CT26 and Vero 

cell lines, respectively. AuNPs induced apoptosis in 

both cell lines (Hosseinzadeh et al., 2020). Also, in 

another recent study (2021), the cytotoxic activity of 

silver nanoparticles synthesized by F. persica extract 

was investigated using two cell lines, MCF-7 (breast 

cancer) and AGS (human gastric carcinoma). 

Antitumor activity of these nanoparticles against MCF-

7 and AGS was determined with IC50 values of 21.28 

and 11.07 μg/mL, respectively (Hashemi et al., 2021). 

6.2. Effect on Alzheimer's disease 

Some coumarin compounds have demonstrated the 

inhibitory effects of acetylcholine esterase (Kim et al., 

2002; Phoopichayanun et al., 2008; Zhou et al., 2008). 

The Ferula is full of sesquiterpene. The study of Piazi 

et al. (2008) led to observations of coumarin 

compounds with potent inhibitory effects on 

acetylcholinesterase. This study showed that the impact 

of the herbal compounds were comparable to the 

standard anti-Alzheimer's drug "Donepezil" (Piazzi et 

al., 2008). Shekarchi et al. (2013) studied the effect of 

the total extract of six Ferula species, including F. 

hezarlalehzarica, F. hirtella, F. oopoda, F. ovina, F. 

persica var. Persica and F. szowitsiana on 

acetylcholinesterase in vitro. The results showed that 

the chloroform fraction of F. persica var. Persica had 

acceptable acetylcholinesterase inhibitory effects 

(27.3%), and other extracts had minor inhibitory effects 

(Shekarchi et al., 2013). 

Karimi et al. (2010) studied the inhibitory effect of 

eight natural compounds of coumarin derivatives and 

terpenoids of Ferula species on human erythrocyte 

acetylcholinesterase. The compounds included 

aurapten, diversin, diversolide D, farnesiferol A, 

galbanic acid, tschimgine, umbelliferone, and 

umbelliprenin. Herniarin and 7-isopentenyloxy 

coumarin at 100 mM were also used against human 

acetylcholinesterase. The results showed that among 

the ten studied compounds, tschimgine was the most 

potent acetylcholinesterase inhibitor (63.5% 

inhibition). However, the inhibitory activity of none of 

the compounds was comparable to that of galantamine 

(86.4% inhibition) as the reference inhibitor. The 

esteric monoterpene tschimgine is used as a lead 

molecule to design anticholinesterase agents (Karimi et 

al., 2010). The in vitro and in vivo findings showed that 

the natural components of some species of Ferula, i.e., 

umbelliferone and ferulic acid, were competitive 

acetylcholinesterase inhibitors. 

In addition, among volatile components of some 

Ferula species, eugenol and limonene inhibit 

acetylcholinesterase (Kumar et al., 2009). In addition 

to aurapten, prenylated coumarin has neuroprotective 

activity and a mild acetylcholinesterase inhibitory 

effect (Miyazawa et al., 2001; Epifano et al., 2008; 

Loizzo et al., 2008). 

6.3. The effect on sleeping time and morphine 

withdrawal syndrome 

Vafaei et al. (2004) investigated the effect of F. 

persica extract on the modulation of withdrawal 

syndrome signs in morphine-dependent male albino 

mice. In this study, F. persica extract used at doses of 

50, 100 and 200 mg/kg. The results showed that F. 

persica extract at different doses significantly 

modulated withdrawal syndrome signs only for weight 

loss and not for number of jumping in morphine-

dependent mice (Vafaei et al., 2004). Also, the effect 

of the hydroalcoholic extract of F. persica aerial parts 

on morphine withdrawal symptoms and sleeping time 

in mice was studiedby Jadidi et al. (2010). In this 

study, the extract at 50, 100, and 200 mg/kg was 

administered intraperitoneally in the morphine 

dependent mice, which the dependence had been 

induced by the Marshall method (Marshall and 

Grahame-Smith, 1994). The plant extract was injected 

to the animals half an hour before administration of 

naloxone. The results showed that the hydroalcoholic 

extract of F. persica had no effect on morphine 

withdrawal symptoms such as number of jumps and 

only decreased fecal excretion and diarrhea yet 

produced a hypnotic effect in a dose-dependent manner 

(Jadidi et al., 2010). 

6.4. Antiepileptic effects 

Various species of Ferula, such as F. asafoetida and 

F. gummosa have been reported to have anticonvulsant 

effects (Sayyah et al., 2002). Bagheri et al. (2010) 
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studied the anticonvulsant effects of methanolic 

extracts of F. persica, F. badrakema and F. ovina aerial 

parts (300 mg/kg) in mice. The results showed none of 

the extracts prevented pentylenetetrazole-induced 

seizure (Bagheri et al., 2010). 

Recently a double-blind, randomized, placebo-

controlled trial, conducted to investigate the effect of 

Dorema Ammoniacum and F. Persica oleo-gum resins 

combination product on seizure control in epileptic 

patients. A total number of 162 individuals were 

screened, 58 were eligible, and were devided randomly 

into two groups (27: treatment and 31: control groups). 

The patients received drug/placebo three times a day 

for three months. Drug capsules contained 350 mg of 

Dorema ammoniacum oleo-gum resin and 150 mg of F. 

Persica oleo-gum resin. Placebo capsules were filled 

with 500 mg lactose powder. The results showed that 

seizure frequency did not reduce significantly in the 

treatment vs placebo group after one, two, and three 

months periods (Hesami et al., 2022). 

6.5. Analgesic and anti-inflammatory effects 

Various studies have shown that coumarins produce 

analgesic effects (Leal et al., 2000; Iranshahi et al., 

2009c; de Almeida Barros et al., 2010; Iranshahi et al., 

2011). Umbelliprenin is chemically related to 7-

hydroxy coumarins with analgesic, anti-inflammatory, 

and antipyretic activities in vitro and in vivo (de 

Almeida Barros et al., 2010). Iranshahi et al. (2009) 

investigated the antioxidant, anti-inflammatory and 

lipoxygenase inhibitory activities of the umbelliprenin 

(the active ingredient of the Apiaceae family and the 

genus Ferula) in rats. The results showed that 

umbelliprenin had no significant antioxidant activity 

but a significant inhibitory effect against lipoxygenase 

with IC50 of 0.0725M. In addition, this compound 

could significantly inhibit paw edema induced by 

Carrageenin by 39% (Iranshahi et al., 2009c). 

Hashemzaei et al. (2015) investigated the analgesic 

effects of umbelliprenin alone and in combination with 

morphine in albino mice. The results showed that a 

single dose of umbelliprenin (0.01 mM/kg) 

significantly reduced neuropathic pain. Umbelliprenin 

also enhanced the effect of morphine on neuropathic 

pain so that co-administration of morphine and 

umbelliprenin can be recommended instead of 

traditional analgesic therapies (Hashemzaei et al., 

2015). Umbellipreninhas a remarkable inhibitory 

activity on lipoxygenase (a key enzyme in 

inflammatory processes) with an IC50 of 0.0725 μM 

that is significant, when compared wiyh caffeic acid as 

the standard drug with an IC50 of 600 μM (Iranshahi et 

al., 2009c). 

 It has been shown that intraperitoneal injection of 

umbelliprenin at a concentration of 0.01 mM 

significantly improves inflammation, comparable to 

Indomethacin (Iranshahi et al., 2009c). In another 

recent study by Rabbani, the effect of hydroalcoholic 

extract of F. persica gum on rheumatoid arthritis 

induced by Freund's complete adjuvant was 

investigated in the rat knee joint. The extract was used 

at doses of 25, 50, and 70 mg/kg, and the results 

showed that rheumatoid factor levels significantly 

decreased in the groups taken the extract.This study 

also showed that F. persica extract at 70 mg/kg could 

completely regenerate cartilage along with obvious 

metachromasia, due to certain active ingredients, such 

as umbelliprenin in the F. persica gum (Rabbani et al., 

2018). The anti-inflammatory effect of umbelliprenin 

through inhibiting lipoxygenase and metalloproteases 

has been proven to prevent the degenerative process of 

rheumatoid arthritis (Iranshahi et al., 2009c). 

Rheumatoid factor in patients with definite clinical 

symptoms is usually positive in the first six months. 

Rheumatoid factors are autoantibodies that react with 

immunoglobulin G (Van Schaardenburg et al., 1993). 

6.6. Antibacterial activity 

The effects of aqueous, chloroform extracts, and 

active ingredient umbelliprenin of F. persica var. 

persica roots against many bacteria, including Bacillus 

cereus, Bacillus subtilis, Citrobacter freundii, E. coli, 

Enterobacter cloacae, Klebsiella pneumoniae, 

Salmonella typhi, Serratia marcescens, Shigella 

dysenteriae, Staphylococcus aureus, Staphylococcus 

epidermidis, Streptococcus faecalis, and Pseudomonas 

aeruginosa were evaluated by Shahverdi et al. (2005), 

using Disk Diffusion method. The results showed that 

the tested concentrations (0.5, 1, 2 and 4 mg/mL) of the 

aqueous extract have no antibacterial activity. 

At the highest concentration (4 mg/mL), chloroform 

extract showed desirable antibacterial activity, 

especially against S.epidermidis and E. coli, and at 

none of the studied concentrations (0.5, 1, 2 & 4 

mg/mL), was effective against other bacteria. Besides 

that, umbelliprenin, the most active ingredient of F. 

persica, at 500 μg/mL showed the most significant 

activity against B. subtilis, B. cereus, E-coli, Klebsiella 
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pneumoniae, S. typhi, S. aureus, S. epidermidis 

(Shahverdi et al., 2005a). 

Iranshahi et al. (2014) studied the effect of 

chloroform extract of F. persica var. persica root and 

its active ingredient, umbelliprenin, on the pigment 

production of Serratia marcescens, a causative agent of 

nosocomial infections that can be life-threatening 

(Haddy et al., 1996; Hejazi and Falkiner, 1997). The 

results showed that neither umbelliprenin nor crude 

extract of F. persica could inhibit bacterial growth. At 

the same time, both effectively induced depigmentation 

zones on S. marcescens culture media and the 

bleaching effect of umbelliprenin was concentration-

dependent, so the highest concentration used was 1.5 

μmol, whereas a bleaching effect was observed at 0.6 

μmol of umbelliprenin (Iranshahi et al., 2014). After 

invertigating the inhibitory effect of umbelliprenin on 

pigment production in Serratia marcescens, Shahverdi 

et al. (2005) further studied the umbelliprenin 

bleaching effect, and its IC50 as 38 μM was calculated. 

In this study, the effect of other coumarins derived 

from F. persica root on S. marcescens depigmentation 

was evaluated as well. Neither of these compounds had 

a bleaching effect against the tested strain at a specific 

concentration. Comparison of the structure of other 

coumarins showed that the linear sesquiterpene part of 

the umbelliprenin structure was essential for the 

bleaching effect against S. marcescens (Shahverdi et 

al., 2005b). 

The effects of F. persica gum extract (125 and 250 

mg/mL) and gold nanoparticles (12.5, 25, and 50 ppm) 

on Pseudomonas aeruginosa isolated from burn 

wounds have been investigated by agar well-diffusion 

and microdilution antimicrobial susceptibility tests. 

The results showed that the most significant inhibitory 

effect was obtained for 250 mg/mL of F. persica gum 

extract, that was equivalent to the inhibitory effect of 

ciprofloxacin as the reference drug. The MIC and MBC 

of the extract were reported to be 69.25 and 102.25 

mg/mL, respectively (Nasrollahi Nejad et al., 2017). 

Recently, the antibacterial activity of the silver 

nanoparticles synthesized by F. persica extract was 

evaluated against seven pathogenic bacteria. The MBC 

of newly synthesized nanoparticles was 62.5 μg/mL for 

Acinetobacter baumannii, Escherichia coli, Klebsiella 

pneumoniae, Proteus mirabilis, and Enterococcus 

faecalis, 125 μg/mL for Staphylococcus aureus and 250 

μg/mL for Enterococcus faecalis (Hashemi et al., 

2021). 

6.7. Antigenotoxicity 

Noroozi et al. (2008) investigated the effect of 

persicasulfide A (isolated from F. persica on hydrogen 

peroxide (H2O2)-induced DNA damage in lymphocytes 

of healthy male Wistar rats. The results showed a 50% 

reduction in DNA damage, compared with EC50 for 

ascorbic acid as the reference drug (1399.23 μM). It is 

argued that persicasulfide A prevents oxidative damage 

to DNA more effectively than ascorbic acid (Noroozi et 

al., 2009). In another study, the effect of umbelliprenin 

on human lymphocyte DNA damage was evaluated by 

Soltani et al. (2009). The results showed that 

umbelliprenin caused a concentration-dependent 

increase in the protective activity against hydrogen 

peroxide-induced DNA damage (from 67.28% to 

39.17%) (Soltani et al., 2009). 

6.8. Other pharmacological effects 

Ghanbari et al. (2012) reported that the intravenous 

administration of aqueous extract of F. persica aerial 

parts at doses of 15, 30, and 60 mg/kg lowered blood 

pressure in healthy and hypertensive rats. However, 

treatment with this extract at 30 mg/kg in drinking 

water did not affect arterial blood pressure (Ghanbari et 

al., 2012). Aqueous F. persica extract was investigated 

for inhibiting alpha-amylase in vitro and hypoglycemic 

function in vivo in normoglycemic and streptozotocin-

induced hyperglycemic rats. The results showed no 

significant difference between the control and 

treatment groups (Hamdan and Afifi, 2004). 

In another study by Ataee et al. (2020), the protective 

effect of the methanolic extract of F. persica aerial 

parts and root (62.5, 125, and 250 mg/kg bw) against 

hypoxia and its mortality in mice was evaluated by 

experimental models of asphyctic, haemic, and 

circulatory hypoxia. The results showed that the extract 

of aerial parts and root of Ferula at 62.5 and 125 mg/kg 

resulted in a survival time increase in asphyctic 

hypoxia, respectively. Regarding haemic hypoxia, 

aerial parts and root extracts showed the same effect at 

equal doses. Eventually, both extracts at 62.5 mg/kg 

showed proper protective effect and increased survival 

time in circulatory hypoxia. It was expressed that the 

presence of polyphenols in this plant may be a 

proposed mechanism for its anti-hypoxic activities 

(Ataee et al., 2020). 

Also, Mirkazem et al. (2021) indicated that 

methanolic or aqueous extracts of F. persica and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamdan%20II%5BAuthor%5D&cauthor=true&cauthor_uid=15182916
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Nelumbo nucifera alone or combined in a ratio of 1:2 at 

50 μg/mL reduce pancreatic lipase activity in vitro 

(Mirkazem et al., 2021). The antifungal activity of 

aqueous and chloroform extracts of F. persica var. 

Persica roots were also evaluated by the disk diffusion 

method. The chloroform extract at the studied 

concentrations showed antifungal activity. The active 

ingredients of the extract identified by PTLC, including 

persicasulfide A and persicasulfide B, showed the most 

potent antifungal activity against filamentous fungi 

with MICs below 62.5 μg/mL (Mirjani et al., 2005). 

The antileishmanial activity of silver nanoparticles 

synthesized by F. persica was studied in vitro, too. It 

was demonstrated that FpNPs could inhibit 

promastigotes and amastigotes with IC50 values of 

23.14 µg/mL and 26.43 µg/mL, respectively (Hashemi 

et al., 2021). 

In a recent study (2022), the wound-healing effect of 

F. persica methanolic extract was investigated in male 

Wistar rats. Histological and stereological assessments 

showed that the extract ointment (%5w/w) could 

improve circular and linear wounds area after 9 and 17 

days, respectively. In fact, after treatment duration, the 

fibroblast cells and collagen deposition increased, 

inflammatory cells decreased, and remarkable 

neovascularization was found in the extract group 

comparing negative and vehicle control groups. 

Expression of TNF-α was reduced, and TGF-β gene 

expression increased by the extract. Also, elevated 

cyclooxygenase-2 expression in control groups, 

improved in the extract group. It has been said that the 

high antioxidant content of this medicinal plant could 

have recovered the damaged tissue remarkably (Huang 

et al., 2022). 

7. Toxicological studies 

In a recent study (2019), the oral toxicity of 

methanolic extract of F. persica was investigated in 

female mice. For acute toxicity, flower and leaf 

extracts were gavaged to mice at 5, 50, 300, and 2000 

mg/kg doses, and their behavioral and appearance 

changes were monitored for 48 hours. Subsequently, 

observations were recorded for up to 14 days due to no 

noticeable difference. To evaluate sub-chronic toxicity, 

the mice were gavaged individually for 28 days in a 

single dose of 1000 mg/kg/d. The results showed that 

none   of   the   mice   showed    any    behavioral    and 

appearance changes during the 48 hours and were 

observed to remain healthy for 14 days. This study 

showed that the LD50 of the extract was more than 2000 

mg/kg, and no mortality was observed in mice.  

Biochemical study of glucose, urea, creatinine, 

electrolytes including sodium and potassium, protein, 

albumin, liver enzymes including aspartate 

aminotransferase (AST), alanine aminotransferase 

(ALT), gamma-glutamyltransferase (GGT), bilirubin, 

the lipid profile including cholesterol and triglyceride 

was evaluated at the end of day 28. No significant 

change was observed in the control and treatment 

groups. Besides, in control and treatment groups, no 

significant differences were observed in hematologic 

factors, including red blood cells, white blood cells, 

hemoglobin, hematocrit, neutrophils, and lymphocytes. 

The histopathology of mice also showed no marked 

change in ovarian, uterine, kidney, liver, spleen, heart, 

and lung tissues (Soleimani Far et al.,  2019). 

8. Pharmaceutical products 

Due to the numerous active ingredients in F. persica, 

its various pharmacological effects, and its lack of 

toxicity, the plant can treat many disorders effectively. 

However, further research is still needed in this area, 

including investigating interactions of this plant with 

other herbs or medications and human studies (clinical 

trials). The present study can serve as a practical step 

towards optimizing the use of this plant in various 

disorders to maintain health and can provide an 

overview of the different valuable studies carried out 

on this plant. 

9. Conclusion 

Due to the numerous active ingredients in F. persica, 

its various pharmacological effects, and its lack of 

toxicity, the plant can treat many disorders effectively. 

However, further research is still needed in this area, 

including investigating interactions of this plant with 

other herbs or medications and human studies (clinical 

trials). The present study can serve as a practical step 

towards optimizing the use of this plant in various 

disorders to maintain health and can provide an 

overview of the different valuable studies carried out 

on this plant. 
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