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Effects of Ficus carica L. and Its Compounds on Smooth 
Muscle Contractility

SUMMARY

Ficus carica L., commonly known as fig, belongs to the genus Ficus L. 
in the Moraceae family. In traditional medicine, it is recommended 
to treat metabolic diseases and coughs. F. carica exhibits therapeutic 
effects on cancer, diabetes, inflammation, and tuberculosis, possibly 
thanks to its rich compositions of phytochemicals. Fig can reduce 
hypertension, alleviate muscle spasms, and relieve constipation. A 
total of 64 bioactive compounds were detected that affect smooth 
muscle contraction-relaxation. The compounds were classified as 
follows: flavonoids (16), terpenes (14), fatty acids (8), phenolic 
compounds (7), alcohols (5), coumarins (4), aldehydes (3), esters 
(2), organic acids (2), phenylpropanoids (2), and phytosterol (1). 
The study provides a comprehensive literature search on F. carica 
components influencing smooth muscle contractility. F. carica may be 
used to treat smooth muscle dysfunction-related disorders, including 
asthma, hypertension, and gastrointestinal dysmotility. 
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Ficus carica L. ve Bileşenlerinin Düz Kas Kontraktilitesi 
Üzerindeki Etkileri

ÖZ

İncir olarak da bilinen Ficus carica L. Moraceae familyasından 
Ficus L. cinsine aittir. Geleneksel tıpta metabolik hastalıkların 
ve öksürüğün tedavisi için önerilmektedir. F. carica, muhtemelen 
zengin fitokimyasal kompozisyonlarından dolayı kanser, diyabet, 
inflamasyon ve tüberküloz üzerinde terapötik etkiler göstermektedir. 
İncir hipertansiyonu azaltabilir, kas spazmlarını hafifletebilir ve 
konstipasyonu giderebilir. Düz kas kasılma-gevşemesini etkileyen 
toplam 64 biyoaktif bileşen belirlenmiştir. Bu bileşikler aşağıda 
sınıflandırılmıştır: flavonoidler (16), terpenler (14), yağ asitleri (8), 
fenolik bileşikler (7), alkoller (5), kumarinler (4), aldehitler (3), 
esterler (2), organik asitler (2), fenilpropanoidler (2) ve fitosterol (1). 
Bu çalışma, düz kas kontraktilitesini etkileyen F. carica bileşenleri 
üzerine kapsamlı bir literatür taraması sunmaktadır. F. carica astım, 
hipertansiyon ve gastrointestinal dismotilite dahil olmak üzere düz 
kas disfonksiyonu ile ilişkili hastalıkların tedavisinde kullanılabilir.

Anahtar Kelimeler: Ficus carica L., fitokimyasal bileşen, düz 
kas, kontraktilite.
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INTRODUCTION

Traditionally, medicinal plants are used to treat 
cardiovascular diseases due to vasorelaxant and anti-
diabetic effects (Demirel, 2024). Ficus carica L., usu-
ally termed as fig, is a species of the Moraceae family. 
The Ficus L. genus includes about 800 species around 
the world (Rahmani & Aldebasi, 2017). This plant is 
deciduous, having a height of approximately 3-10 m, 
with numerous branches and multi-lobed leaves. It is 
among the first cultivated plants and was also men-
tioned in the Quran and Bible. Fig has been a sign 
of fruitfulness, power, wisdom, and sexuality since 
ancient times (Özatalay, 2014). The main producers 
of figs are in the Mediterranean region, particularly 
Türkiye, Spain, Greece, Morocco, and Egypt (Garibal-
di, Schulte, Nabaes Jodar, Gomez Carella, & Kremen, 
2021). It is important for human health and can be 
consumed in various forms, such as fresh and dried 
(Rasool et al., 2023). They are rich in phenolic com-
pounds, fibers, and polyunsaturated fatty acids, but 
the dried fruit of figs contains higher sugar levels and 
calories than fresh fruits (Barolo, Ruiz Mostacero, & 
López, 2014). Ethnopharmacological studies have 
shown that the different parts obtained from the fig 
tree, such as fruit, leaf, root, and latex, have antispas-
modic, antitussive, anticolic, laxative, and diuretic 
properties (Mawa, Husain, & Jantan, 2013).

Traditional uses of Ficus carica L.

Ayurvedic, Siddha, and Unani traditional medi-
cine systems have highlighted the therapeutic poten-
tial of figs (Badgujar, Patel, Bandivdekar, & Mahajan, 
2014). In folk medicine, F. carica has been used to treat 
cardiovascular, metabolic, respiratory, and inflamma-
tory diseases (Patil, Bhangale, & Patil, 2010). Fig root 
is recommended for use in ringworm and leucoder-
ma treatment. Fig leaves are used to treat helminth, 
nutritional anemia, cough, and irritant potential (Mo-
hamad et al., 2011; Saeed & Sabir, 2002). Fig latex is 
believed to cure warts (Martínez, 2008). The fruit of 
the fig is used as an anti-constipation and expectorant 
(Khadabadi, Gond, Ghiware, & Shendarkar, 2007).     

Biological properties of Ficus carica L.

Experimental studies reported that F. carica has an-
tioxidant, antiepileptic, anti-neurodegenerative, anti-
convulsant, antiarthritic, antiplatelet, antiangiogenesis, 
antimutagenic, anti-inflammatory, anti-HIV, antibacte-
rial, antifungal, antipyretic, and aphrodisiac properties 
(Bouyahya, Ben Said, Bakri, & Dakka, 2016; Fazel et al., 
2024; Hajam & H, 2022). Aysin, Sımsek Ozek, Acet, and 
Koc (2024) showed that two higher concentrations of 
fig latex (1/36 and 1/12) cause a significant decrease in 
A549 cell viability. A study conducted on rifampicin-in-
duced rats demonstrated that treatment with the petro-
leum ether extract of F. carica leaves reduces alanine 
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) levels from 88 U/L to 66 U/L and from 
289 U/L to 184 U/L, respectively (Gond & Khadabadi, 
2008). A study indicated that water and methanolic ex-
tracts from fig leaves dramatically inhibit α-glucosidase 
and α-amylase. Both extracts showed higher α-gluco-
sidase and α-amylase activity than acarbose (57.56% 
and 58.4%, respectively) (Ergul, Ergul, Eruygur, Atas, 
& Ucar, 2019). The pulp of fig fruit causes an improve-
ment in fasting lipid profile, atherogenic index of plas-
ma (AIP), and low-density lipoprotein/high-density 
lipoprotein (LDL/HDL) ratio while enhancing HDL 
(Perveen et al., 2021). The MIC value of the 80% meth-
anolic extract of the F. carica leaf against Mycobacteri-
um tuberculosis H37Rv was 1600 μg/mL (Khadabadi et 
al., 2007). Gilani, Mehmood, Janbaz, Khan, and Saeed 
(2008) demonstrated that the ripe dried fruit of fig re-
laxes spontaneous and low K+ (25 mM)-evoked con-
tractions of jejunal smooth muscle. However, its activi-
ty is abolished by glibenclamide, a ATP-sensitive potas-
sium (KATP) channel blocker. A study reported that the 
hexane-soluble fraction of fig leaves at 10 μg/mL reduc-
es the number of TRAP-positive multinucleated cells 
in bone marrow-derived macrophages by 96.4±0.7% 
(Park et al., 2009). 70% methanol extract from F. car-
ica decreases myocardial infarction size to 72.2% at a 
concentration of 1 mg/mL compared with the control 
(Allahyari, Delazar, & Najafi, 2014).   
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Phytochemical compounds of Ficus carica L.               

Phytochemical research on the different parts of 
F. carica has identified many bioactive compounds 
using various analysis techniques (Table 1.). In the 
n-butanol extract of F. carica leaves, 27 compounds 
were revealed: quercetin-3-O-rutinoside, fumaric 
acid, hyperoside, and chlorogenic acid as the domain 
compounds (Renda, Barut, Ceren, & Aydin, 2023). 
4-methylhepta-1,4-diene, anisole, and 2,3-dimethyl-
pent-1-ene were the major compounds of the water 
extract of fig leaves, whereas 2H-furo[2,3-H]-1-ben-
zopyran-2-one, bergapten, and methyl linolenate 
were the major compounds of the methanolic extract 
(Ergul et al., 2019). The volatile aroma composition 
of fig fruit categorized five classes as follows: alcohols 
(3-methyl-1-butanol, 2-methyl-1-butanol, 1-hexa-
nol, 2-ethyl hexanol, benzyl alcohol, phenylethyl al-
cohol, and 1-dodecanol), esters (ethyl isobutyrate, 
ethyl butyrate, (E)-2-butenoic acid ethyl ester, eth-
yl 2-methylbutyrate, ethyl isovalerate, ethyl tiglate, 
ethyl hexanoate, cis-3-hexenyl acetate, hexyl acetate, 
trans-2-ethyl hexanoate, and propanoic acid, 2-meth-
yl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl 
ester), hydrocarbons (p-xylene), terpenes (α-pinene, 
p-cymene, limonene, linalool, and E-caryophyllene), 
and aldehydes (benzaldehyde and nonanal) (Kiralan 
& Kiralan, 2023). The most abundant constituents are 
furfural, 5-methyl-2-furaldehyde, and benzeneacetal-
dehyde in the volatile oil obtained from F. carica fruit 
(Li et al., 2012). Fig pulp includes numerous volatile 
aromatic compounds, such as β-caryophyllene; (E)-2-
hexanal; 5-(hydroxymethyl)furfural; 2,6-di-tert-bu-
tyl-4-methylphenol; benzaldehyde; germacrene D; 
furfural; phthalic acid, diisobutyl ester; limonene; 
β-cubebene; β-selinene; α-humulene; (+)-sativene; 
α-curcumene; β-bisabolene; β-sesquiphellandrene; 
β-(methylamino) ethanol; n-nonanoic acid; acetic 
acid; 2,3-dihydro-3,5-dihydroxy-6-methyl-4-pyrone; 
dihydroxyacetone, and dihydro-4-hydroxy-2(3H)-fu-
ranone (Gozlekci, Kafkas, & Ercisli, 2011). The main 
constituents analyzed in the lyophilized extract of 

fig pulp were malic acid, citric acid, and shikimic 
acid (Oliveira et al., 2009). In fig peel, many flavo-
noids and phenolic acids were detected, including 
quercetin-3-O-rutinoside, cyanidin-3-O-rutinoside, 
and 5-O-caffeoylquinic acid (Calani et al., 2022). 
β-caryophyllene, germacrene D, and 2,6-di-tert-bu-
tyl-4-methylphenol were determined as the predom-
inant compounds of fig peel (Gozlekci et al., 2011). 
A metabolomic study on the female flowers of fig 
presented that phenethyl caffeate, apigenin, and iso-
acteoside are the primary components (Wang, Song, 
Wang, Chen, & Ma, 2021). Fatty acids like γ-linole-
nic acid, linoleic acid, and oleic acid are abundant in 
the F. carica seed oil, as discovered by GC-FID (gas 
chromatography-flame ionization detector) analysis 
(Tas, 2019). A study determined nine compounds in 
the sterol composition of fig seed oil (Ustun-Argon, 
Sari, Gokyer, & Buyukhelvacigil-Ozturk, 2021). In 
the chloroform fraction from fig latex, lupeol acetate 
and lupeol palmitate were isolated, while β-sitoster-
ol and lupeol were found in the unsaponifiable frac-
tion (Jeivad et al., 2020; Oliveira et al., 2010). F. carica 
hairy root is rich in phenolic acids, such as chlorogen-
ic acid, gallic acid, rosmarinic acid, and coumaric acid 
(Amani, Mohebodini, Khademvatan, Jafari, & Kumar, 
2021, 2024). In the different parts of fig, umbellifer-
one, cyanidin-3-O-glucoside, β-amyrin, α-linolenic 
acid, cis-5,8,11,14,17-eicosapentaenoic acid, palmitic 
acid, palmitoleic acid, ferulic acid, quercetin-3-O-glu-
coside, oleanolic acid, heptanol, methyl butanoate, 
methyl salicylate, menthol, α-cubenene, copaene, 
β-elemene, aromadendrene, α-caryophyllene, cin-
namic aldehyde, cinnamic alcohol, eugenol, angelicin, 
β-pinene, eucalyptol, stearic acid, xanthotoxin, pru-
netin, pinocembrin, morin, kumatakenin, luteolin, 
acacetin, velutin, luteolin 7-O-glucoside, apigenin 
7-O-glucoside, tangeretin, nobiletin, and cinnamic 
acid were detected (Barolo et al., 2014; Gibernau, Bus-
er, Frey, & Hossaert-McKey, 1997; Innocenti, Bettero, 
& Caporale, 1982; Mawa et al., 2013; Oliveira et al., 
2009; Rahmani & Aldebasi, 2017; Saeed & Sabir, 2002; 
Tarlacı, 2021; Tas, 2019; Wang et al., 2021).  



1162

Demirel, Sinag

Table 1. Major compounds identified from different parts of Ficus carica L.

Parts
Analysis 

techniques
Extracts/
Fractions

Classes Major compounds References

Leaf
LC-HRMS n-butanol

Flavonoid
Quercetin-3-O-rutinoside  

 Hyperoside   

(Renda et al., 2023)Organic acid Fumaric acid 

Phenolic 
compound

Chlorogenic acid 

Fruit GC-MS Volatile oil Aldehyde
Furfural

5-Methyl-2-furaldehyde
Benzeneacetaldehyde

(Li et al., 2012)

Pulp HS/GC-MS Volatile aroma
Terpene β-Caryophyllene

(Gozlekci et al., 2011)
Aldehyde

(E)-2-Hexanal
5-(Hydroxymethyl)furfural

Peel HS/GC-MS Volatile aroma 
Terpene

β-Caryophyllene
Germacrene D

(Gozlekci et al., 2011)
Phenolic 

compound
2,6-Di-tert-butyl-4-

methylphenol

Flower
Metabolome Phenylpropanoid Isoacteoside

(Wang et al., 2021)
Flavonoid Apigenin

Seed GC-FID Seed oil atty acid 
γ-Linolenic acid 

Linoleic acid 
Oleic acid 

(Tas, 2019)

Latex 
GC-ITMS/

HPLC-DAD
Unsaponifiable 

fraction
Phytosterol

β-Sitosterol
Lupeol

(Oliveira et al., 2010)

Hairy 
root HPLC -

Phenolic 
compound

Chlorogenic acid
Gallic acid 

Coumaric acid 
(Amani et al., 2021)

Effects of Ficus carica L. on smooth muscle con-
tractility

This section describes the effects of F. carica on 
smooth muscle contractility. The following studies 
show that F. carica exhibits antihypertensive, an-
ti-constipation, and antispasmodic properties. 

Hypotensive and antihypertensive activity

The aqueous methanol extract obtained from the 
fruit of F. carica (1000 mg/kg) significantly reduced 
heart rate and systolic, mean, and diastolic blood pres-
sure in normotensive and glucose-induced hyperten-
sive rats. The extract significantly attenuated heart rate 
and force of contraction at 0.000001-10 µg/mL doses 
in a concentration-dependent manner. However, 0.01 
mg/mL of F. carica extract did not elicit significant 
blockage in heart rate and force of contraction stim-

ulated with epinephrine (10-5 M) or CaCl2 (10-5 M). 
These results suggested that the aqueous methanol ex-
tract of F. carica has hypotensive and antihypertensive 
activities (Alamgeer, Iman, Asif, & Saleem, 2017). 

Activity on constipation

F. carica paste decreased colon transit time while 
ameliorating stool type and abdominal discomfort. 
The supplementation may reduce pain related to 
functional constipation (Baek et al., 2016). Similarly, 
administration of F. carica paste alleviated chronic 
constipation in the loperamide-treated animals. In 
this regard, F. carica paste improved thickness and 
mucin areas in the distal colon, fecal pellet number, 
and water content, as well as peristalsis and tension of 
the intestinal ileum (Lee et al., 2012). 



1163

FABAD J. Pharm. Sci., 51, 2, 1159-1190, 2026

Antispasmodic activity 

The aqueous extract of ripe dried fruit of F. cari-
ca (0.1-3.0 mg/mL), containing alkaloids, coumarins, 
flavonoids, saponins, and terpenes, led to a relaxation 
in isolated rabbit jejunum contracted with low K+ (25 
mM) concentration. The spasmolytic activity is as-
sociated with KATP channel activation (Gilani et al., 
2008).

Effects of phytochemical compounds of Ficus 
carica L. on smooth muscle contractility  

This section presents 64 phytochemical com-
pounds from various parts of F. carica involved in 
smooth muscle contractility. The phytochemical 
compounds have been categorized into 11 classes as 
follows: flavonoids (16), terpenes (14), fatty acids (8), 
phenolic compounds (7), alcohols (5), coumarins (4), 
aldehydes (3), esters (2), organic acids (2), phenylpro-
panoids (2), and phytosterol (1) (Figures 1-11.).

Alcohols

Benzyl 
alcohol

Cinnamic 
alcohol

Phenyethyl 
alcohol Heptanol Menthol

Figure 1. Alcohols of Ficus carica L. involved in smooth muscle contractility

Benzyl alcohol

Benzyl alcohol did not lead to a significant change 
in the contraction induced by ACh (acetylcholine) 
and antigen in tracheal smooth muscle (Abraham, 
Abraham, & Ahmed, 1996). In the bronchi, it could 
alleviate contractions induced by histamine, sero-
tonin, and electrical field stimulation (EFS). Benzyl 
alcohol elicited relaxation in bronchi contracted by 
ACh. This effect was not blocked by propranolol, in-
domethacin, ouabain, or removal of the epithelium. 
The aromatic alcohol elevated cyclic adenosine mo-
nophosphate (cAMP) levels in bronchial rings treated 
with ACh. Benzyl alcohol inhibited PIP2 hydrolysis in 
ACh-mediated contractions. Thus, the inhibitory ef-
fect of benzyl alcohol was associated with PIP2 turn-
over (Tamaoki et al., 1990).  

Cinnamic alcohol

Psidium guajava L. essential oil includes cinnamic 
alcohol from its main compounds, which led to atten-
uation in jejunal smooth muscle contractility (Rash-
eed, Khan, Wahid, Khan, & Shah, 2016). Cinnamic 
alcohol could relax phenylephrine (PE)-evoked con-

tractions in the aorta with endothelium. This vasore-
laxation was decreased by N omega-Nitro-L-arginine 
methyl ester (L-NAME), MB, ODQ, glibenclamide, 
and 4-AP. The alcohol exhibited suppressor effects on 
contraction induced by calpeptin, a Rho-kinase acti-
vator (Kang, Yang, Morgan, & Shin, 2012).

Phenylethyl alcohol  

Phenylethyl alcohol obtained from Rosa damasce-
na Mill. caused inhibition in PE-induced aorta and 
U46619-induced mesenteric artery contractions. The 
vasorelaxant effects of phenyethyl alcohol were like-
ly dependent on opening BKCa channels (Singh et al., 
2023).

Heptanol

Heptanol, a gap junction uncoupler, inhibited 
neurogenic and myogenic contractions in the vas def-
erens smooth muscle (Venkateswarlu, Dange, & Man-
chanda, 1999).  

Menthol

Menthol slightly triggered relaxation in the metha-
choline-contracted trachea. It attenuated EFS-mediat-
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ed spike contraction, likely due to parasympathetic 
activation (Wang, Liu, Chao, & Lee, 2016). The cy-
clic alcohol inhibited colon circular smooth muscle 
constricted with EFS and carbachol (CCh). Menthol 
concentration-dependently caused a decrease in the 
amplitude of spontaneous phasic contractions but did 
not affect the frequency and the basal tonus. This ef-
fect was altered by nifedipine, an L-type voltage-de-
pendent calcium channel (VDCC) blocker (Amato, 

Liotta, & Mulè, 2014). Incubation with menthol abol-
ished CaCl2-evoked contractile responses in the coro-
nary artery, comparable to nifedipine. 1 mM menthol 
treatment produced relaxant responses on KCl-con-
tracted endothelium-intact and -denuded aorta, cor-
onary, and mesenteric arteries (Cheang et al., 2013). 
Menthol had a suppressor action on detrusor smooth 
muscle contractions stimulated by CCh (Nomoto et 
al., 2008).

Aldehydes

Cinnamic aldehyde 5-(Hydroxymethyl)furfural 5-Methyl-2-furaldehyde

Figure 2. Aldehydes of Ficus carica L. involved in smooth muscle contractility

Cinnamic aldehyde

Cinnamic aldehyde potentiated contraction in the 
basal tone of the ileum. Atropine, tetrodotoxin (Na+ 
channel blocker), PPADS (purinergic receptor an-
tagonist), and A967079 (TRPA1 channel antagonist) 
alleviated the contractile responses. This compound 
produced relaxation of histamine-induced contrac-
tions, which were inhibited by TEA. Cinnamic alde-
hyde had contrary effects on detrusor smooth muscle. 
Capsaicin desensitization abolished relaxation evoked 
by cinnamic aldehyde (Sandor, Bencsik, Dekany, & 
Bartho, 2019). Cinnamic aldehyde elicited endotheli-

um-independent relaxation in contracted aortic seg-
ments with KCl (Alvarez-Collazo et al., 2014).

5-(Hydroxymethyl)furfural 

5-(Hydroxymethyl)furfural induced uterine con-
tractions via cholinergic receptors (Sewram, Raynor, 
Mulholland, & Raidoo, 2001). 

5-Methyl-2-furaldehyde

5-Methyl-2-furaldehyde abolished aortic and 
prostatic smooth muscle contractions induced by PE 
(Martišienė, Zigmantaitė, Pudžiuvelytė, Bernaton-
ienė, & Jurevičius, 2023).

Coumarins 

Angelicin Bergapten Umbelliferone Xanthotoxin

Figure 3. Coumarins of Ficus carica L. involved in smooth muscle contractility

Angelicin  

Angelicin presented a relaxant effect on PE-elicit-
ed contractions of aortic segments, which may be as-
sociated with the inhibition of TRPC3 channels (Kas-
sahun Gebremeskel et al., 2017).

Bergapten

Bergapten suppressed spontaneous and K+-in-
duced contractions as a Ca2+ channel blocker in the 
jejunum (Aslam et al., 2022). The furanocoumarin 
exerted myorelaxation activity on the jejunal smooth 

Fatty acids   

α-Linolenic acid cis-5,8,11,14,17-Eicosapentaenoic acid γ-Linolenic acid

Linoleic acid Oleic acid Palmitic acid                                                                                                                           

Palmitoleic acid Stearic acid

Figure 5. Fatty acids of Ficus carica L. involved in smooth muscle contractility
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muscle in the concentration range of 0.0001-1 µM. 
Furthermore, higher concentrations of bergapten 
produced dual contractile/relaxant effects (Skalic-
ka-Woźniak, Mendel, Chłopecka, & Dziekan, 2016).

Umbelliferone 

In dysmenorrhea uterine smooth muscle, um-
belliferone mitigated Ca2+, ET-1, and PGE2 levels 

and suppressed the expression of P2X3. However, it 
augmented nitric oxide (NO) levels (Liu et al., 2023). 
Umbelliferone vasodilated mesenteric arteries, inhib-

ited plasmalemmal and sarcolemmal Ca2+ channels, 
and opened K+ channels (Jesus et al., 2022).  

Xanthotoxin    

PE-contracted corpus cavernosum was relaxed by 
xanthotoxin (Chiou, Huang, Chen, & Chen, 2001). 
The coumarin exerted an inhibitory effect on pulmo-
nary artery rings contracted with NE (norepineph-
rine). The vasorelaxation was endothelium-indepen-
dent (Wang, Zhang, & Kang, 1997).

Esters

Methyl butanoate Methyl salicylate

Figure 4. Esters of Ficus carica L. involved in smooth muscle contractility
Methyl butanoate 

Methyl butanoate is one of the major components 
of essential oil extracted from P. guajava fruit. The es-
sential oil blunted aortas contracted by high K+ and 
PE. Furthermore, the essential oil showed inhibitory 
effects on spontaneous and high K+-mediated jeju-
num contractions, similar to verapamil, a Ca2+ chan-
nel blocker. But further studies are needed to elucidate 
the effects of methyl butanoate, one of the major con-
stituents of the essential oil, on the smooth muscles 
(Rasheed et al., 2016).

Methyl salicylate  

Topical administration of methyl salicylate led to 
an increase of short-term vasorelaxation in the skin. 
However, the administration may not promote blood 
flow to the striated muscle (Versteeg et al., 2024). A 
cream containing 15% methyl salicylate and 10% 
menthol also had vasorelaxant activity (Dolen et al., 
2015).           

Fatty acids   

α-Linolenic acid cis-5,8,11,14,17-Eicosapentaenoic acid γ-Linolenic acid

Linoleic acid Oleic acid Palmitic acid                                                                                                                           

Palmitoleic acid Stearic acid

Figure 5. Fatty acids of Ficus carica L. involved in smooth muscle contractility
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Alpha-linolenic acid 

Flaxseed oil, rich in α-linolenic acid, led to an in-
crease of epinephrine-induced contractile responses 
through reactive oxygen species (ROS) and throm-
boxane A2 (TXA2) (Nunes et al., 2014). In high-fat 
diet-fed streptozotocin rats, the omega-3 fatty acid 
supplementation avoided endothelial dysfunction via 
increasing endothelial nitric oxide synthase (eNOS) 
activity while decreasing oxidative/nitrative stress via 
inhibiting ONOO- production, iNOS, and NADPH 
oxidase expression (Zhang et al., 2013). α-Linolenic 
acid caused a decrease in systolic blood pressure me-
diated by prostacyclin (PGI2) and NO through bra-
dykinin activation in spontaneously hypertensive 
rats (SHRs) (Sekine, Sasanuki, Aoyama, & Takeuchi,  
2007). 

cis-5,8,11,14,17-Eicosapentaenoic acid

cis-5,8,11,14,17-Eicosapentaenoic acid, docosa-
hexaenoic acid, and sesamin combination had an excit-
atory effect on eNOS activity in human umbilical vein 
endothelial cells (eNOS), resulting in augmented NO 
levels. The excitatory effect was elicited as follows: Ca2+ 
signaling by sesamin or membrane lipid alterations 
by these omega-3 fatty acids (Morita et al., 2023). Ab-
normal contractions in inflammatory bowel diseases 
were suppressed by cis-5,8,11,14,17-eicosapentaenoic 
acid. The inhibitory activity was exhibited on ileal and 
colonic longitudinal smooth muscle through volt-
age-dependent Ca2+ channels (Obara et al., 2021). It 
produced relaxation responses on U46619-contracted 
saphenous veins via K+ channels (Daci et al., 2020). 
Acute incubation with cis-5,8,11,14,17-eicosapentae-
noic acid reduced relaxant responses to KCl by inhib-
iting Na+/K+ ATPase activity in the pulmonary artery. 
Chronic incubation with cis-5,8,11,14,17-eicosapen-
taenoic acid caused a decrease in KCl-induced relax-
ation by downregulating protein expression of the 
sodium pump α1 isoform (Singh, Garg, & Mishra, 
2012). In the pulmonary artery, the fatty acid promot-
ed endothelium-dependent vasorelaxation through 
NO release. Meanwhile, it induced endothelium-in-

dependent vasorelaxation, possibly inhibiting L-type 
Ca2+ channels and serotonin-mediated contraction 
(Singh, Kathirvel, Choudhury, Garg, & Mishra, 
2010). cis-5,8,11,14,17-Eicosapentaenoic acid im-
proved the imbalance between endothelium-derived 
relaxant and constrictor factors by inhibiting cycloo-
xygenase-2 (COX-2) expression and the ERK/NF-κB 
signaling pathway (Matsumoto, Nakayama, Ishida, 
Kobayashi, & Kamata, 2009). It evoked endotheli-
um-derived relaxing factor (EDRF) release, which 
may be related to a decrease in the intimal thick-
ness of autogenous vein graft (Komori et al., 1995). 
cis-5,8,11,14,17-Eicosapentaenoic acid caused repres-
sion of the trachea contracted by leukotriene C4 and 
D4. cis-5,8,11,14,17-Eicosapentaenoic acid-mediated 
relaxation was mediated via the 5-lipoxygenase path-
way (Isogai, Taki, Suzuki, Takagi, & Satake, 1991).

Gamma-linolenic acid

Evening primrose oil, rich in γ-linolenic acid, at-
tenuated ACh-mediated relaxation responses in the 
isolated aorta, corpus cavernosum, and mesenteric 
vascular bed of diabetic rats (Jack, Keegan, Cotter, 
& Cameron, 2002). Treatment with the α-lipoic acid 
and γ-linolenic acid combination showed synergistic 
interactions on corpus cavernosum smooth muscle 
from streptozotocin-induced diabetic rats; the admin-
istration ameliorated NO-mediated neurogenic- and 
endothelium-dependent relaxation (Keegan, Cotter, 
& Cameron, 2001).  Histamine and methacholine, 
both of which are contractile agents, led to a decre-
ment in the relaxing effect of γ-linolenic acid in both 
epithelium-intact and -denuded trachea; however, the 
reduction was greater after the removal of epithelium 
(Kahler & Du Plooy, 1998). In the uterus, it improved 
the spontaneous decrease of inotropic constancy. The 
omega-6 fatty acid was converted into PGE1, a potent 
relaxant factor (Chaud, Franchi, Gimeno, & Gimeno, 
1988).  

Linoleic acid

In porcine aortic endothelial cells, linoleic acid at-
tenuated EDRF production, such as NO and PGI2, and 
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decreased endothelial Ca2+ responses by increasing 
cAMP levels through suppressing cAMP-hydrolyz-
ing phosphodiesterase (Wei, Takeuchi, & Watanabe, 
2013). It inhibited the effect of bradykinin on NO and 
PGI2 release in ECs (Satoh, 2013). Oxidized linoleic 
acid upregulated eNOS mRNA levels in bovine aortic 
ECs (Ramasamy, Parthasarathy, & Harrison, 1998). 
This polyunsaturated fatty acid caused membrane 
hyperpolarization via Na+/K+-ATPase pump activa-
tion, resulting in porcine coronary VSMC relaxation 
(Pomposiello, Alva, Wilde, & Carretero, 1998).   

Oleic acid 

Oleic acid treatment downregulated COX-2 
mRNA expression. Similarly, it reduced ET-1 released 
by human umbilical vein ECs (Bass, Soukup, Ghio, & 
Madden, 2020). Oleic acid partially exerted its inhibi-
tory effect on the aorta relaxed by ACh, but the effect 
was insignificant (Bass et al., 2019). It deteriorated 
endothelial function: increase of ROS and abolish-
ment of insulin receptor-mediated eNOS stimulation 
(Gremmels et al., 2015). The omega-9 fatty acid in-
hibited Kir6.1 mRNA and protein expression in hu-
man umbilical artery smooth muscle cells (SMCs). 
It also exhibited inhibitory activity on KATP current. 
However, the activity of oleic acid was attenuated by 
NO donor DETA-NO except protein kinase C (PKC) 
inhibitor GFX. Thus, oleic acid may contract VSMCs 
via the PKC signaling pathway (Bai et al., 2013). The 
oleic acid diet improved endothelium-mediated re-
laxation compared to the linoleic acid diet in type 2 
diabetes patients (Ryan et al., 2000). In bovine pulmo-
nary artery ECs, oleic acid blocked eNOS activity by 
a PKC-independent mechanism. The MUFA reduced 
ACh-induced relaxant responses by inhibiting eNOS 
activity in the rabbit femoral artery (Davda et al., 
1995). The vascular activity of oleic acid is partially 
similar to that of oxidized LDL. In the rabbit aorta, 
oleic acid decreased cyclic guanosine monophosphate 
(cGMP) levels; however, it induced contraction medi-

ated by NE (Niu, Liu, Hu, & Chen, 1995).

Palmitic acid 

KCa2.3 (small-conductance calcium-activated po-
tassium channels)-mediated relaxation was impaired 
by palmitic acid incubation in mesenteric small ar-
teries. It inhibited KCa2.3 current in human umbilical 
vein ECs. Palmitic acid induced the downregulation 
of KCa2.3 channel protein expression. The decreasing 
activity was abolished by Nox, p38-MAPK, or NF-κB 
inhibitors. Thus, the saturated fatty acid may contrib-
ute to endothelial dysfunction through the Nox/ROS/
p38-MAPK/NF-κB pathway (Wang et al., 2019). In-
cubation with palmitic acid suppressed vasorelaxant 
factor NO production in human umbilical vein ECs 
(Moers & Schrezenmeir, 1997).

Palmitoleic acid

Gap junction uncoupler palmitoleic acid exhibit-
ed blockage activity on the vasomotion of mesenteric 
terminal arterioles by inhibiting remote Ca2+ respons-
es (Braunstein et al., 2009). IP3 diffusion from mes-
enteric SMCs to ECs is blocked by palmitoleic acid 
(Lamboley et al., 2005). It did not influence bradyki-
nin-induced relaxation in the ciliary artery with in-
tact endothelium (Morf, Bény, Flammer, & Haefliger, 
2002). In the mesenteric arterial bed, the omega-7 
fatty acid could not inhibit the vasorelaxant effect of 
anandamide (Harris, McCulloch, Kendall, & Randall, 
2002). Palmitoleic acid had no effect on endothelial 
hyperpolarization induced by bradykinin or sub-
stance P in coronary arteries (Bény & Schaad, 2000).

Stearic acid

In aortic segments, treatment with stearic acid de-
creased endothelium-dependent relaxation elicited by 
ACh. The inhibitory effect was attenuated by super-
oxide dismutase. Stearic acid reduced ACh-mediated 
NO release (Edirisinghe, McCormick Hallam, & Kap-
pagoda, 2006).
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Flavonoids

Acacetin Apigenin Apigenin 7-O-glucoside

Cyanidin-3-O-glucoside Hyperoside Kumatakenin

Luteolin Luteolin 7-O-glucoside                                                                                                      Morin

Nobiletin Pinocembrin Prunetin

Quercetin-3-O-glucoside                                                                                                                            Quercetin-3-O-rutinoside   Tangeretin

Velutin

Figure 6. Flavonoids of Ficus carica L. involved in smooth muscle contractility
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Acacetin

In SHRs, acacetin ameliorated endothelium-de-
pendent vasorelaxation (Li, Y. et al., 2022).

Apigenin

Apigenin caused relaxation of the intrarenal artery 
through blocking the CaCC channel and activating 
the KV channel (Jing et al., 2019). Apigenin produced 
relaxant responses in tracheal rings. This effect may 
be related to inhibiting extracellular Ca2+ influx and 
phosphodiesterase (Chen & Ko, 2017). The flavone 
can behave as a relaxant agent in the thoracic aorta 
by protecting against oxidative stress (Jin et al., 2009).

Apigenin 7-O-glucoside 

Apigenin 7-O-glucoside was identified in Sal-
via sclarea L. methanolic extract. The flavone may 
contribute to the spasmolytic activity of the extract 
(Randjelović et al., 2023).   

Cyanidin-3-O-glucoside 

Cyanidin-3-O-glucoside improved vascular hypo-
reactivity and endothelium-dependent relaxations in-
duced by peroxynitrite in the thoracic aorta (Serraino 
et al., 2003).

Hyperoside 

Hyperoside could reduce ACh-induced airway 
smooth muscle contractions (Hake et al., 2022). In 
middle cerebral arteries, the flavonoid promoted en-
dothelium-dependent and -independent relaxations. 
Hyperoside-evoked endothelium-dependent relax-
ation may be associated with endogenous H2S (Han, 
Xuan, Hu, & Chen, 2014).

Kumatakenin 

Kumatakenin showed myorelaxant activity in the 
presence of endothelium (Son et al., 2024).

Luteolin 

Luteolin had an inhibitory effect on the spontaneous 
contractions in colonic smooth muscle. BayK8644, an 
L-type Ca2+ channel agonist, significantly mitigated the 
relaxant responses to luteolin (Yang et al., 2020). Lu-

teolin dose-dependently relaxed PE-contracted aorta, 
which was partially inhibited by L-NAME treatment. 
In the aorta contracted with KCl, the relaxant activity 
of luteolin was reduced but still statistically significant 
(Si, Wyeth, & Liu,  2014). Luteolin presented relaxation 
of ACh-contracted ileal smooth muscle (Fleer & Ver-
spohl, 2007). The flavone exhibited a bronchorelax-
ant effect on tracheal preparations, possibly through 
phosphodiesterase inhibition and [Ca2+]i decrease (Ko, 
Shih, Leu, Chen, & Chang, 2005).

Luteolin 7-O-glucoside 

Luteolin 7-O-glucoside enhanced the sponta-
neous tone and ACh-evoked contractions of jejunal 
smooth muscle (Mendel et al., 2020). Two extracts of 
artichoke, including luteolin 7-O-glucoside, showed 
contrary effects on ileum segments contracted by se-
rotonin (Verspohl et al., 2008).            

Morin 

Morin exhibited an inhibitory action on vascular 
CaV1.2 channels (Carullo et al., 2021). The flavonol 
promoted the relaxation of the endothelium-intact 
mesenteric artery through TRPV4 channels (Zhang et 
al., 2019). The biphasic contractions of the ileum were 
suppressed by morin (Hammad & Abdalla, 1997).   

Nobiletin

Nobiletin induced more relaxant responses 
against PE administration than KCl administration in 
aortic rings with endothelium. In the absence of en-
dothelium, ODQ decreased nobiletin-evoked vasore-
laxation, whereas IBMX increased it. Treatment with 
iberiotoxin or glybenclamide caused inhibition in 
nobiletin-mediated relaxations (Kaneda et al., 2019).  

Pinocembrin  

Pinocembrin could inhibit Ang II-mediated con-
tractions of the aortic segments without endotheli-
um by downregulating Rho kinase 1 (Li, Yang, Yuan, 
Zhao, & Du, 2013). The vasorelaxant effect of pi-
nocembrin may be via the blockage of the Ang II-AT1 
-Ca2+-ERK1/2 cascade (Li et al., 2013). The flavanone 
caused endothelium-dependent relaxation via the 
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NO-cGMP pathway, relaxing endothelium-denuded 
aorta by opening K+ channels and inhibiting Ca2+ in-
flux (Zhu, Fang, Li, & Du, 2007). 

Prunetin 

Prunetin induced relaxation in the aorta via the 
inhibition of ryanodine receptor, voltage-dependent, 
and receptor-operated Ca2+ channels (Kim, Jo, Choi, 
& Lee, 2018). 

Quercetin-3-O-glucoside 

Quercetin-3-O-glucoside, the main compound in 
the ethyl acetate fraction, could diminish the contrac-
tion caused by NE in the internal thoracic artery. The 
vasorelaxant activity of quercetin-3-O-glucoside was 
mainly weakened by indomethacin (Malheiros et al., 
2022). In the mesenteric vascular bed, the polyphenol 
was a producer of NO and had an opening effect on 
K+ channels such as Kir6.1 and KCa (Gasparotto Junior, 
Dos Reis Piornedo, Assreuy, & Da Silva-Santos, 2016). 
A fraction from Bidens pilosa L. var. radiata SCHERFF 
contained hyperin, quercetin-3-O-glucoside, and ru-
tin, which decreased the contractile responses medi-
ated by histamine in the ileum (Matsumoto, Horiuchi, 
Kamata, & Seyama, 2009). Quercetin-3-O-glucoside, 
found in a fraction of Argemone platyceras Link & 
Otto, resisted early and late contraction phases in-
duced by the antigen ovalbumin in the trachea. These 
contractile responses were abolished using indometh-
acin. It also antagonized leukotriene D4- or CCh-in-
duced contraction (Fernandez et al., 2005). 

Quercetin-3-O-rutinoside 

Quercetin-3-O-rutinoside had a suppressive effect 
on endothelial dysfunction in different types of tissue 
(de Morais Campos et al., 2023). In fetal placental 
vessels of the chorionic plate, quercetin-3-O-rutino-
side remained the bradykinin-mediated relaxation, 
although contracting the effect of H2O2 (Sthijns et 
al., 2017). In high-glucose-treated human umbilical 
vein EC, the flavonoid altered the levels of Nox and 
ROS-sensitive NLRP3 and IL-1β proteins and stimu-
lated NO production. However, it diminished PE-in-

duced contraction and augmented ACh-induced re-
laxation in the diabetic aorta (Wang, Wu, Sui, Wang, 
& Qiu, 2017). Quercetin-3-O-rutinoside, a flavonol 
extracted from Polygala paniculata L., caused a de-
crease in the mean arterial pressure of the anesthe-
tized rats (Lapa et al., 2011).      

Tangeretin 

Tangeretin resisted KCl-/PE-mediated contrac-
tions of the aorta (Ramunno et al., 2024). Tangeretin 
abolished contractions induced by sphingosylphos-
phorylcholine in coronary arteries. The vasorelaxant 
effect may be related to the inhibition of the Fyn/
Rho-kinase pathway (Li, Zhang, Morita, Kishi, & Ko-
bayashi, 2022). 

Velutin 

Velutin was identified as one of the bioactive com-
pounds of Berberis lycium Royle. The herb exerted 
spasmolytic and bronchorelaxant activities (Hussain 
& Aleem, 2023).     

Organic acids

Citric acid Malic acid

Figure 7. Organic acids of Ficus carica L. in-
volved in smooth muscle contractility

Citric acid 

Citric acid relaxed contractions of endotheli-
um-intact aortic rings, which were isolated from 
SHRs. This effect was reduced by endothelium remov-
al (Nakamura, Suzuki, Goto, Yamaguchi, & Hiramit-
su, 2023). Citric acid caused contractions of detrusor 
smooth muscle via Ca2+ channel activity (Dasgupta, 
Elliott, & Tincello, 2009). Inhalation of citric acid 
elicited bronchoconstriction partly through brady-
kinin and tachykinin. However, the contraction was 
decreased by citric acid-mediated NO release (Ric-
ciardolo et al., 1999). 
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Malic acid 

The hydroethanolic extract obtained from Citrul-
lus lanatus L. seed also contained malic acid along 

with many bioactive compounds and exerted spasmo-
lytic activities (Wahid, Saqib, Qamar, & Ziora, 2022).   

Phenolic compounds        

Chlorogenic acid 2,6-Di-tert-butyl-4-methylphenol Eugenol

Ferulic acid Gallic acid Phenethyl caffeate

Rosmarinic acid

Figure 8. Phenolic compounds of Ficus carica L. involved in smooth muscle contractility

Chlorogenic acids (3-O-Caffeoylquinic acid and 
5-O-Caffeoylquinic acid)

Chlorogenic acid could reduce ROS levels and 
improve NO bioavailability in human umbilical vein 
EC, as well as the aorta from diabetic rats. It protected 
against hyperglycemia-induced vascular endothelial 
dysfunction. The effect of chlorogenic acid was con-
cerned with the increase of Nrf2 expression and the 
decrease of P22phox, P47phox, P67phox, and nitrotyrosine 
levels (Wang et al., 2021). Chlorogenic acid resisted 
bladder contraction with CCh. The phenolic acid 
displayed its inhibitory effect through activating ad-
enylyl cyclase (Kaneda, Sasaki, Urakawa, & Shimizu, 
2018). Chlorogenic acid, a phenolic compound from 
the methanolic extract of Inula viscosa L., caused re-
laxation of the aorta contracted by PE (Hakkou et al., 

2017). It blunted PE-induced contractions in the aorta 
with intact endothelium. However, the inhibitory ac-
tivity was significantly diminished by L-NAME rather 
than the indomethacin and apamin/charybdotoxin 
combination. Thus, the compound revealed endothe-
lium-dependent relaxation via NOS, COX, and EDRF 
pathways. 10-6 M chlorogenic acid promoted relax-
ation responses produced by ACh, whereas 10-4 M 
chlorogenic acid alleviated ACh- and bradykinin-in-
duced vasorelaxation. 10-6 M and 10-4 M chlorogenic 
acid caused relaxation on contractile responses me-
diated by PE (Tom, Girard-Thernier, & Demougeot, 
2016). Chlorogenic acid, which was found in pome-
granate juice, showed a relaxant effect on the corpo-
ra cavernosa only at the highest dose (Oztekin et al., 
2014).   
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2,6-Di-tert-butyl-4-methylphenol 

2,6-Di-tert-butyl-4-methylphenol, a phenolic 
antioxidant, was identified in Panicum miliaceum L. 
extracts that had myorelaxant effects on the aorta, tra-
chea, and jejunum (Saqib et al., 2022).  

Eugenol

Eugenol interfered with bladder phasic and tonic 
contractions evoked by high K+ or CCh. Moreover, 
the compound abolished contractile responses against 
BaCl2. The spasmolytic activities of eugenol may be 
related to the inhibition of M3 muscarinic receptors 
and/or VDCC (Araújo et al., 2024). Eugenol impaired 
arsenic- and mercury-constricted tracheal rings. This 
bronchorelaxant effect was diminished by L-NAME 
and verapamil (Kundu, Shabir, Basir, & Khan, 2016). 
It decreased contractions in response to intravascular 
pressure or depolarizing high K+ in cerebral arteries 
through VDCC (Peixoto-Neves, Leal-Cardoso, & Jag-
gar, 2014). Eugenol dilated the aorta contracted with 
arsenic and mercury via the induction of NO forma-
tion and the inhibition of ROS generation (Kundu, 
Shabir, Basir, & Khan, 2014). Eugenol had antispas-
modic activity on ileum preparations (Leal-Cardoso 
et al., 2002).  

Ferulic acid

Ferulic acid led to relaxation in the aorta, small 
mesentery, and coronary artery. The relaxant activity 
of ferulic acid was related to inhibition of VDCC and 
dephosphorylation of ERK/ROCK/MYPT1-related 
Ca2+ sensitization signaling pathways (Zhou et al., 
2017). It exerted vasoprotective activity in rats sup-
plemented with fructose (El-Bassossy, Badawy, Nea-

matallah, & Fahmy, 2016). The phenolic acid stimu-
lated NO production and had an excitatory effect on 
ACh-induced relaxation of the aorta precontracted 
with PE in diabetic rats (Badawy, El-Bassossy, Fahmy, 
& Azhar, 2013). 

Gallic acid 

Gallic acid caused relaxation in aortic segments 
with endothelium through NO release and K+ chan-
nel activation. It induced endothelium-independent 
relaxation by inhibiting Ca2+ channels (de Oliveira 
et al., 2016). The phenolic acid produced contractile 
responses in the aortae by suppressing NO-mediated 
relaxation (Sanae, Miyaichi, & Hayashi, 2002). 

Phenethyl caffeate

Phenethyl caffeate relaxed spontaneous ileal 
smooth muscle contractions, which were inhibited 
by nifedipine and EDTA. The compound decreased 
KCl-mediated contractions (Aviello et al., 2010). 
Endothelial NO and β-adrenoceptors accompanied 
the relaxant effects of phenethyl caffeate in coronary 
arteries (Long et al., 2009). High-dose phenethyl 
caffeate showed vasorelaxant activity in endotheli-
um-denuded aortic segments, possibly via blocking 
Ca2+ channels. L-NAME partially abolished phenethyl 
caffeate-induced relaxations (Cicala et al., 2003).

Rosmarinic acid 

In hypertensive rats, rosmarinic acid could miti-
gate systolic blood pressure by inhibiting ACE (Fer-
reira et al., 2018). Rosmarinic acid did not alter ACh-
evoked ileal smooth muscle contractions (Demirezer 
et al., 2015).

Phenylpropanoids 

Cinnamic acid Isoacteoside

Figure 9. Phenylpropanoids of Ficus carica L. involved in smooth muscle contractility
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Cinnamic acid 

Cinnamic acid induced relaxing effects in the 
thoracic aorta through the NO/cGMP/PKG signaling 
pathway (Kang, Kang, & Shin, 2013).      

Isoacteoside 

Isoacteoside could not depress ACh-mediated 
contractions in the ileum (Fleer & Verspohl, 2007).

Beta-sitosterol

β-sitosterol depressed PE-induced contractions of 
aortic segments, which were inhibited by L-NAME 
treatment and endothelial removal. Moreover, this 
phytosterol triggered NO production in aortae (Ab-
dallah et al., 2021).

Phytosterol 

β-Sitosterol

Figure 10. Phytosterol of Ficus carica L.involved 
in smooth muscle contractility

Terpenes 

α-Caryophyllene α-Cubenene α-Pinene Aromadendrene

β-Amyrin β-Caryophyllene β-Elemene β-Pinene

Copaene Eucalyptol Germacrene D Limonene

Linalool Oleanolic acid

Figure 11. Terpenes of Ficus carica L. involved in smooth muscle contractility
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Alpha-caryophyllene 

α-Caryophyllene is the major component of Nepeta 
cataria L. essential oil. The oil led to the abolition of 
spontaneous contractions of jejunal smooth muscle, 
comparable to that of papaverine and verapamil. It re-
laxed KCl-evoked contractions, similar to papaverine. 
Incubation with the oil elicited a rightward parallel 
shift in high K+ and Ca2+-free medium, comparable to 
the effects of papaverine and verapamil. In contracted 
tracheal rings with KCl or CCh, the oil caused relax-
ation. The effect was similar to papaverine. The treat-
ment of the oil contributed to the isoprenaline-induced 
concentration-response curve in contractions evoked 
by CCh, comparable to papaverine (Gilani et al., 2009).

Alpha-cubenene 

Valeriana pilosa Ruiz & Pav. essential oil, which is 
α-cubenene, one of its major compounds, diminished 
spasmolytic action by antagonizing cholinergic recep-
tors and Ca2+ channels in ileum segments (Ybañez-Ju-
lca et al., 2023).

Alpha-pinene 

α-Pinene caused relaxation in the superior mesen-
teric artery through the endothelium, TRPA1 channel 
activity, NO release, and sGC stimulation (Jin et al., 
2023). It augmented ACh- and KCl-evoked contrac-
tions in tracheal smooth muscle (Lima et al., 2010). 
The monoterpene showed an inhibitory effect on the 
resting tonus of the ileum. ACh-/KCl-stimulated con-
tractions were reduced by α-pinene (Câmara, Nasci-
mento, Macêdo-Filho, Almeida, & Fonteles, 2003).   

Aromadendrene 

Aromadendrene is one of the main constituents 
of mint oil and could contribute to attenuating the 
tonus in aortic preparations (Alkharfy et al., 2024). 
The aromadendrene-containing fractions of Eucalyp-
tus camaldulensis Dehnh. caused bronchorelaxation 
in the tracheal chains contracted by PE. The efficacy 
of the most relaxing fraction was associated with the 
inhibition of Ca2+ channels (Kheder, Al-Habib, Gilar-
doni, & Vidari, 2020).

Beta-amyrin 

β-Amyrin had spasmolytic activities on the ileum 
(Akinmurele et al., 2023). 

Beta-caryophyllene 

In epithelium-intact tracheal segments, β-caryo-
phyllene (0.05-50 mM) caused an impairment of myo-
genic tone. It promoted relaxation of epithelium-in-
tact and -deprived tracheal segments contracted with 
high K+ or ACh. At higher doses, the sesquiterpene 
potentiated ACh-induced contractions. It was de-
termined that β-caryophyllene blocked extracellular 
Ca2+ currents via VDCC using the patch-clamp tech-
nique (Pinho-da-Silva et al., 2012). β-Caryophyllene 
altered the baseline tonus of ileal smooth muscle and 
presented antispasmodic action through the blockade 
of extracellular Ca2+ influx (Leonhardt et al., 2010). 
Two samples of the essential oil from Croton sonde-
rianus Müll.Arg., including β-caryophyllene, had an 
opposing effect on the tracheal basal tonus. Moreover, 
they decreased contractions in response to KCl and 
ACh (Pinho-da-Silva et al., 2010).

Beta-elemene 

Mentha longifolia L., which is β-elemene from 
its components, suppressed PE-evoked contractions 
in the aorta. This relaxing effect was inhibited with 
glibenclamide, an ATP-sensitive K+ channel blocker 
(Alkharfy et al., 2024).     

Beta-pinene 

β-Pinene had an excitatory effect on ACh- and 
KCl-mediated contractions of the trachea (Lima et 
al., 2010). The monoterpene decreased contractions 
in the ileum induced with serotonin. The spasmolytic 
action may be related to 5-HT3 receptor channel inhi-
bition (Riyazi et al., 2007). 

Copaene 

Copaene may reduce serotonin-induced contrac-
tile responses in the ileum by inhibiting cation influx 
via the 5-HT3 ligand-gated ion channel (Riyazi et al., 
2007). 
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Eucalyptol 

Eucalyptol induced relaxation in mesenteric arter-
ies contracted by high K+, PE, or U46619 (Haam et al., 
2022). Treatment with eucalyptol decreased KCl- and 
CCh-evoked contractions in tracheal chains exposed 
to cigarette smoke. The concentration-contraction 
curve of BaCl2 was inhibited by eucalyptol (Kenne-
dy-Feitosa et al., 2020). The treatment with eucalyp-
tol significantly dilated PE-stimulated contractions 
of the aorta in the presence of than in the absence of 
endothelium. The vasorelaxant effect of eucalyptol 
was reduced by L-NAME (Pinto et al., 2009). The or-
ganic compound diminished the tonic contraction of 
KCl-induced uterine smooth muscle in a concentra-
tion-dependent manner (Ponce-Monter et al., 2008).

Germacrene D 

Germacrene D was found in the composition of 
essential oil from Lippia thymoides Mart. & Schauer, 
which induced myorelaxant activity in the aorta, uter-
us, and trachea (Silva et al., 2016). 

Limonene 

Few studies suggested the effects of limonene on 
various smooth muscle types. Limonene produced 
relaxant responses in KCl-, ACh-, oxytocin-, and se-
rotonin-contracted uterine smooth muscles. These ef-
fects may be related to the blockage of L-type VDCC 
(Pereira-de-Morais et al., 2019). Limonene enhanced 
the basal vascular tone; however, it relaxed contrac-
tions evoked by KCl in endothelium-intact and -de-
nuded aorta. This compound showed an excitatory 
or inhibitory effect in endothelium-intact aortic seg-
ments induced by PE to its dose amounts. The mono-
terpene reduced contractions induced by the PKC 
activator phorbol 12, 13-dibutyrate while it caused a 
partial inhibition of the L-type VDCC activator BayK-
8644-induced contractions (Cardoso-Teixeira et al., 
2018). It did not cause a significant change in trache-
al smooth muscle resting tone. Limonene inhibited 
KCl-mediated contractions of the trachea but did not 
modulate contractile responses evoked by ACh and 
BaCl2. Therefore, the bronchorelaxant activity of lim-

onene may be associated with VDCC (Carvalho et al., 
2017). Limonene dose-dependently exerted myore-
laxant activity in the ileum contracted with KCl, ACh, 
and EFS (Sadraei, Asghari, & Kasiri, 2015). 

Linalool 

Linalool-rich essential oil extracted from Lip-
pia alba (Mill.) N. E. Brown interfered with ACh 
and Ca2+-mediated contractions in the intestine in a 
dose-dependent manner (Blanco et al., 2013).   

Oleanolic acid

Oleanolic acid caused endothelium-related re-
laxation through the COX pathway; however, it elic-
ited the relaxation activity of endothelium-indepen-
dent through KV and KATP channels (Madlala et al., 
2016). Oleanolic acid possessed a vasorelaxant action. 
The underlying mechanism consisted of endothe-
lium-mediated NO release and the decrease of Ca2+ 
levels in VSMC. The compound induced eNOS-Ser 
phosphorylation via PI3K/Akt signaling pathways 
(Rodriguez-Rodriguez et al., 2008).

CONCLUSION 

F. carica is a medicinal plant that has been used 
since ancient times. The therapeutic properties may 
be related to the presence of the chemical compounds 
in it. Phytochemical studies showed that figs contain 
several bioactive compounds in different chemical 
classes, such as alcohols, aldehydes, organic acids, 
ketones, coumarins, hydrocarbons, esters, phenolic 
compounds, fatty acids, terpenes, phytosterols, and 
flavonoids. This review presented the effects of F. 
carica and its phytochemical constituents on smooth 
muscle contraction-relaxation responses. We detect-
ed that 64 components identified from different parts 
of F. carica are involved in smooth muscle excitability. 
In this regard, fig exerts anti-constipation, antispas-
modic, and hypotensive actions. Due to its pharma-
cological activities, F. carica may be a drug candidate 
for diseases related to smooth muscle dysfunction, 
including hypertension, atherosclerosis, chronic ob-
structive pulmonary disease, asthma, gastrointestinal 
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motility, and inflammatory bowel diseases. However, 
further clinical and animal model studies are needed 
to elucidate the effects of F. carica and its compounds 
on smooth muscle contractility. 
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