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INTRODUCTION
Crocus sativus L. (C. sativus) or saffron belongs to the family of Iridaceae, from the Liliaceae, is growing up to 8- to
30-cm high. The leaves are right and high with a ciliate
margin and keel. This plant grows in dry climate especially in Iran as well as another region of the world
such as Spain, Italia, France, Turkey, Greece, India, Egypt,
Switzerland, United Arab Emirate, Morocco, Azerbaijan,
Pakistan, Chania, New Zealand, and Japan (Fernández,
2004). Saffron is used as an herbal medicine in addition
to its usage as a food additive in cooking because of its
remarkable color and odor (Nilakshi et al., 2011).
The major components of C. sativus are picrocrocin,
crocetin, and safranal. All saffron properties such as color, taste, odor, and aroma are dependent on these components. In addition, the plant contained volatile
aroma and nonvolatile active fractions including lycopene, zeaxanthin, alpha- and beta-carotenes, as well as
carotenoids (Srivastava et al., 2010). Chemical studies
also showed the presence of glycoside components
such as kaempferol and quercetin in the petals of
C. sativus (Hosseinzadeh and Younesi, 2002).
This plant has been used in herbal medicine for the
treatment of different diseases. The therapeutic effects of
saffron have been demonstrated by pharmacological and
clinical studies. The ﬁndings have shown that the plant is
effective for neurodegenerative disorders such as multiple
sclerosis (MS) (Hosseinzadeh and Younesi, 2002),
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coronary artery disorders (Xu et al., 2005), respiratory disease (Boskabady and Aslani, 2006), and gastrointestinal
(GI) disease (Rios et al., 1996). Several studies also
showed various pharmacological effects for saffron
including
antiinﬂammatory,
antiantigenotoxic,
antiatherosclerotic (Premkumar et al., 2001), antioxidant
(Hosseinzadeh et al., 2009), anticancer (Abdullaev, 2002;
Aung et al., 2007; Mousavi et al., 2011), memory
improvement (Abe and Saito, 2000; Ghadrdoost et al.,
2011), antidepressant (Hosseinzadeh and Noraei,
2009), genoprotective (Hosseinzadeh and Sadeghnia,
2007), and antitussive effects (Hosseinzadeh and
Ghenaati, 2006).
The lowering blood pressure properties of the plant
and its components, crocin and safranal, were also
demonstrated in previous research (Fatehi et al., 2003).
Crocin also showed an improving effect on cardiac
arrhythmia (Jahanbakhsh et al., 2012), and it can reduce
contractility and heart rate (Boskabady et al., 2008).
The therapeutic effects of the C. sativus extract and its
constituent, safranal, on an animal model of asthma
(sensitized guinea pig) including their effects on
pathological
changes,
tracheal
responsiveness,
inﬂammatory cells, and mediators and Th1/Th2 balance
were shown in previous studies (Bayrami and Boskabady, 2012; Byrami et al., 2013; Gholamnezhad et al.,
2013). The effects of the saffron extract and safranal on
Th1/Th2 balance in PHA-stimulated human peripheral
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mononuclear cells were also demonstrated (Boskabady
et al., 2011b; Feyzi et al., 2016). Antiinﬂammatory,
immunomodulatory, and antioxidant properties of C
sativus and its components were also reviewed previously
(Boskabady and Farkhondeh, 2016). The purpose of this
chapter is reviewing the saffron and its component
relaxant effect on smooth muscles and clinical application of this effect.

METHOD
Various databases including Medline/PubMed, Science
Direct, ISI Web of Knowledge, Scopus, Embase, Google
Scholar, Chemical Abstracts, and Biological Abstracts
were searched to ﬁnd available articles on the relaxant
effect of saffron and its constituent on various types of
smooth muscles until the end of December 2018. Keywords such as saffron, Crocus sativus, crocin, safranal,
crocetin, relaxant effect, cardiovascular, GI, respiratory,
and urogenital were used for this purpose.

SAFFRON AND ITS COMPONENTS
RELAXANT EFFECT ON SMOOTH MUSCLES
Saffron and Its Components Relaxant Effect
on Tracheal Smooth Muscle
Saffron aqueous ethanolic extract relaxant effect comparable to the effect of theophylline was reported.
The plant extracts (0.15, 0.3, 0.45, and 0.60 g %) and
theophylline (0.15, 0.30, 0.45, and 0.60 mM)
exhibited relaxant action on guinea-pig tracheal
smooth muscle (TSM) precontracted by 10-mM methacholine compared to saline. Also, there was a positive
correlation between increasing concentrations of the
extract and its relaxant effects (Boskabady and Aslani,
2006). Furthermore, administration of safranal (0.15,
0.30, 0.45, and 0.60 mL of 0.2 mg/mL solution) also
showed a relaxant effect in a dose-dependent manner
on TSM. The results also showed lower relaxant effect
for safranal than the extract and theophylline effect
(Boskabady and Aslani, 2006).
Decreased responsiveness of TSM to methacholine
and ovalbumin (OVA) was also reported due to longterm oral administration of C. sativus extracts and safranal in sensitized guinea pigs (Byrami et al., 2013).
Quercetin (20 mg/kg) showed signiﬁcant bronchodilatory effects in both in vivo and in vitro studies (Joskova
et al., 2011). These effects could be produced from the
relaxant effect of the plant extract on TSM.
The antitussive effect of the saffron ethanolic extract
(100e800 mg/kg, intraperitoneally [i.p.]) and safranal
(0.25e0.75 mL/kg, i.p.) in guinea pigs was also

reported that it may be attributed to their relaxant action on TSM (Hosseinzadeh and Ghenaati, 2006).

Saffron and Its Components Relaxant Effect
on Vascular Smooth Muscle
Intravenous administration of aqueous extract of C. sativus
(2.5, 5, and 10 mg/kg), safranal (0.25, 0.5, and 1 mg/kg),
and crocin (50, 100, and 200 mg/kg) in normotensive
and hypertensive animals reduced the mean arterial
blood pressure and heart rate in a dose-dependent
manner. Administration of 10 mg/kg of saffron,
200 mg/kg of crocin, and 1 mg/kg of safranal lowered
mean systolic blood pressure (MSBP) by 60  8.7,
51  3.8, and 50  5.2 mmHg, respectively. These results
suggested that C. sativus extract and its two active components showed hypotensive properties in the rats. Moreover, the lowering blood pressure effect of safranal was
more potent than crocin (Imenshahidi et al., 2010).
Ethanolic and aqueous extracts of C. sativus petals
dose-dependently reduced blood pressure in the rats.
In this work, aqueous extract (50 mg/g) lowered blood
pressure by 17 mmHg compared with the control
group. It has been suggested that C. sativus petal extracts
induced this effect by relaxation of vascular smooth
muscle or affecting the heart or both. Nonetheless, the
more probable mechanism of the hypotensive effect
of extract may contribute to a reduction in peripheral
vascular resistance due to the relaxation of vascular
smooth muscle (Fatehi et al., 2003).
Reduction of deoxycorticosterone acetateeinduced
hypertension or increase in MSBP due to treatment
with aqueous extract of saffron (10, 20, and 40 mg/kg/
day) was also shown in a dose-dependent manner, but
this effect on blood pressure was absent in normotensive rats. Furthermore, evidence showed that saffron
generates the antihypertensive effects for relatively a
short period of time. Therefore, it was suggested that
saffron induced short-term blood pressure regulation
(Imenshahidi et al., 2013). Likewise, admiration of
saffron aqueous ethanolic extract (0.1, 0.5, 1.0, and
5.0 mg%) produced a negative inotropic and chronotropic effect, which was comparable to the effects of diltiazem. It was suggested that the muscle relaxant
properties of the extract could be responsible for the
heart contractility of the extract (Boskabady et al., 2008).
In the isoproterenol-induced myocardial injury
model in rats, the effects of C. sativus were evaluated.
In this model, isoproterenol enhanced the level of
troponin in the serum and reduced the activity of glutathione peroxidase in the heart muscle compared with
control group. In addition, isoproterenol-induced heart
muscle damages by more than 70%. Saffron remarkably
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decreased excessive destruction of the tissue and signiﬁcantly decreased serum levels of heart troponin I (Joukar
et al., 2010). On heart ischemia-reperfusioneinduced
lethal cardiac arrhythmias model, C. sativus (100 mg/
kg/day) administration signiﬁcantly decreased ventricular tachycardia (VT)/ventricular ﬁbrillation (VF)
numbers, durations, and also the severity of arrhythmia
compared with the untreated group. The PR and QTcn
intervals of electrocardiogram were signiﬁcantly longer
in the C. sativus (200 mg/kg/day) group (Joukar et al.,
2013).
Responses to the endothelium-dependent relaxant
effect of acetylcholine (ACh) were improved by
treatment with crocetin (15, 30 mg/kg) in a dosedependent manner in aorta isolated from high cholesterol dietefed rabbits. Oral admiration of crocetin
restored the maximal relaxation compared with the control group dose-dependently. Crocetin increased the of
serum nitric oxide (NO) concentration, increased vessel
cyclic GMP (cGMP) content as well as unregulated
mRNA expression of endothelial NO synthase (eNOS)
compared with control group (Tang et al., 2006).
Increased systolic blood pressure (SBP) and heart rate
after administration of diazinon (DZN) normalized by
the crocin (50 mg/kg) which might be due to relation
response of vascular smooth muscle (Razavi et al., 2013).
The effects of kaempferol on endothelium-dependent
(bradykinin) and independent (sodium nitroprusside)
relaxation of porcine coronary arteries were indicated.
Kaempferol (3  106 M) increased relaxations created
by bradykinin and sodium nitroprusside (Xu et al.,
2015). It was demonstrated that crocin (1 mM) has preventive effects on the cell apoptosis induced by H2O2,
in cardiovascular diseases (Xu et al., 2006).
Quercetin, 106 and 104 M, inhibited the contractions induced by noradrenaline, high KCl, and Ca2þ
in a concentration-dependent manner. This effect was
observed when the quercetin was added before or after
the induction of contractions. Quercetin also increased
the aortic cyclic AMP content (Duarte et al., 1993a).
The contractions elicited by KCI, noradrenaline, or
phorbol 12-myristate,13-acetate were also relaxed by
kaempferol and quercetin (Duarte et al., 1993a,b).

Saffron and Its Components Relaxant Effect
on GI and Urogenital Smooth Muscle
Saffron petals extract relaxant effect was examined on
isolated ileum of guinea pig. Findings revealed that
administration of C. sativus aqueous and ethanol extracts decreased contractile responses to electrical ﬁeld
stimulation (EFS) of guinea pig ileum. Furthermore,
the aqueous extract (560 mg/mL) reduced the
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contractile responses to epinephrine (1 mM) in guinea
pig ileum (Fatehi et al., 2003).
Kaempferol (3e60 mM) and quercetin (1e100 mM)
reversed contractions induced by KCI (60 mM) in rat
uterus in a concentration-dependent way. However, the
inhibitory effect of cAMP-dependent protein kinases
(TPCK, 3 mM) antagonized the effect of quercetin and
kaempferol. To sum up, cAMP contributes to the relaxant
effects of quercetin and kaempferol on KCI (60 mM)induced tonic contraction (Revuelta et al., 1997).
Table 17.1 presents the saffron and its components’
relaxant effect on different types of smooth muscles.

MECHANISMS RESPONSIBLE FOR THE
RELAXANT EFFECT OF SAFFRON AND ITS
COMPONENTS ON SMOOTH MUSCLES
The saffron and its components’ relaxant effect could be
due to different mechanisms such as stimulatory effect
on b2-adrenoreceptors, inhibitory effect on muscarinic
receptor, inhibitory effect on histaminic (H1) receptors,
inhibitory effect on calcium channel, endotheliumdependent relaxation (EDR) effect, and the effect of
saffron and its constituent on intracellular cAMP as
well as their effect on intracellular cAMP.

b2-Adrenoreceptors Stimulatory Effect of
Saffron and Its Components
The b-adrenoceptors have been divided into at least
three groups, b1, b2, and b3, which are commonly
expressed in cardiac muscle, airway smooth muscle,
and adipose tissue, respectively (Somlyo and Somlyo,
1994). Inhalation of selective b2-agonists is commonly
used as the most effective bronchodilatory drug and
therefore, for the management of obstructive airway diseases. Selective b2-agonists drugs bind to the b2-adrenoceptor and trigger the activation of certain G-proteins
followed by the production of cyclic adenosine monophosphate (cAMP) in airway smooth muscle leading
to bronchodilation (Cazzola et al., 2013). Cyclic AMP
induces its effect through activating several effector molecules such as cAMP-dependent protein kinase (PKA).
Probably, PKA decreases the cytosolic Ca2þ level via preventing the inﬂux of Ca2þ by the cell membrane Kþ
channels activation and via stimulation of the sarcoplasmic reticulum (SR) Ca2þ uptake, which results in
decreased Ca2þ-dependent myosin light-chain kinase
(MLCK) activity. In addition, stimulation of PKA directly
increased the activity of myosin light-chain phosphatase
(MLCP). Subsequently, diminished MLCK activity and
increased MLCP activity results in reduced phosphorylation of MLC and vasodilatation (Morgado et al., 2012).
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TABLE 17.1

Saffron and Its Components’ Relaxant Effect on Smooth Muscles.
Smooth Muscle
(SM) Type

Solution

Effect

Reference

Trachea smooth muscle

AE and EE of stigma

Relaxant effects on TSM
precontracted by
methacholine
TSM relaxant effect
Reduced tracheal
responsiveness to
methacholine
Reduced tracheal
responsiveness to
methacholine in sensitized
animals by OVA
Antitussive effect

Boskabady and Aslani (2006)

Safranal
AE of stigma

Safranal

AE of stigma and safranal

Vascular smooth muscle

Byrami et al. (2013)

Hosseinzadeh and Ghenaati
(2006)
Joskova et al. (2011)

Quercetin

In vivo and in vitro
bronchodilatory effect

AE of stigma, safranal and
crocin
AE and EE of petals

Lowered MAP and heart rate

Imenshahidi et al. (2010)

Lowers BP dose-dependently
in isolated rat vas deferens
Decreased MSBP in
hypertensive rats
Reduced cardiac contractile
and heart rate
Decreased intensity of tissue
destruction
Decreased durations and also
arrhythmia severity
Improved EDR in response to
acetylcholine
Restored elevation of HR and
reduction of SBP induced by
diazinon
Enhanced relaxations
produced by bradykinin and
sodium nitroprusside
Preventive effects on the cell
apoptosis, in cardiovascular
diseases
Inhibitory effects on
contractions produced by NA,
high KCl and Ca2þ in a
concentration-dependent
manner
Relaxant effects on rat aortic
strips contraction

Fatehi et al. (2003)

AE of stigma
AE and EE of stigma
AE of stigma
AE of stigma
Crocetin
Crocin

Kaempferol

Crocin

Quercetin

Quercetin and kaempferol
Gastrointestinal smooth
muscle

Boskabady and Aslani (2006)
Byrami et al. (2013)

AE and EE of petals
Kaempferol and quercetin

Decreased EFS of guinea-pig
ileum
Relaxed the tonic contraction
induced by KCI

Imenshahidi et al. (2013)
Boskabady et al. (2008)
Joukar et al. (2010)
Joukar et al. (2013)
Tang et al. (2006)
Razavi et al. (2013)

Xu et al. (2015)

Razavi et al. (2013)

Duarte et al. (1993a)

Duarte et al. (1993a,b)
Fatehi et al. (2003)
Revuelta et al. (1997)

AE, aqueous extract; EE, ethanolic extract; TSM, tracheal smooth muscle; OVA, ovalbumin; SBP, systolic blood pressure; HR, heart rate; EFS,
electrical ﬁeld stimulation; MAP, mean arterial blood pressure; BP, blood pressure; MSBP, mean systolic blood pressure; EDR, endotheliumdependent relaxation; NA, noradrenaline.
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The stimulatory effect on the b2-adrenergic receptor is
one of the possible mechanisms for natural products such
as saffron and its constituents inducing smooth muscles
relaxation (Chaudhary et al., 2012). In fact, saffron and
safranal b2-adrenergic stimulatory effect were demonstrated in isolated guinea pig TSM (Nemati et al.,
2008). The safranal b2-adrenergic stimulatory effect
was evaluated by conducting isoprenaline cumulative
concentration-response curves (nonspeciﬁc b-adrenergic
agonist) induced relaxation of precontracted TSM. The
study was performed in the presence of two components
of aqueous ethanolic extracts of saffron (0.1 and 0.2 g
%), safranal (1.25 and 2.5 mg), propranolol (10 nM),
and saline. Although the extract and safranal induced
leftward shifts in isoprenaline curves when compared
to saline, propranolol showed a rightward shift in the
curve. Therefore, C. sativus extract and its components
safranal showed a stimulatory effect of the on b2adrenoreceptors (Nemati et al., 2008). Consequently,
these ﬁndings suggested b2-agonistic activities of the
C. sativus and its constituent, as a potential medicinal
plant in the treatment of obstructive airways disorders.
Although stimulation of b2-adrenoreceptors might
account for C. sativuseinduced relaxation of TSM, the
adrenergic receptors blocking the effect of the plant
petal on vas deferens smooth muscle was also suggested (Fatehi et al., 2003). It was shown that the
C. sativus petals’ extract decreased contractile responses
to EFS in isolated rat vas deferens (Fatehi et al., 2003).
This study suggested that adrenergic receptors involved
in the relaxation of vas deferens by C. sativus petals’
extract.

Muscarinic Receptor Blocking Effects of
Saffron and Its Components
Five subtypes including M 1 to 5 are located in various organs, such as vascular and airway smooth muscles (Harvey,
2012). It has been well known that muscarinic receptor agonists such as acetylcholine, methacholine, and carbachol
cause contraction of airway smooth muscle in vivo and
in vitro. In addition, anticholinergic drugs, for instance,
the atropine, have been used to treat asthma and obstructive airway diseases for several years (Gosens et al., 2006).
It was shown that the relaxant effect of C. sativus and safranal was mediated by the blocking of muscarinic receptors
of TSM. Methacholine concentration-response curves were
nonparallelly shifted to right due to saffron extract and
safranal caused signiﬁcant, but the maximum response
to methacholine was not achieved in the presence of the
extract and safranal. These results indicated a functional
antagonism effect of the plant and its component on
TSM (Neamati and Boskabady, 2010).
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Histaminic Antagonistic Activity of Saffron
and Its Components
Evidence revealed that histamine affects the smooth
muscle of numerous tissues, including bronchioles, intestine, uterus, arterioles, and spleen. Administration of
exogenous histamine to guinea pigs generates symptoms
and signs of respiratory changes similar to those generated after challenge with the certain antigen (Togias,
2003). Three types of histamine receptors have currently
been identiﬁed. H1-receptors mediate bronchoconstriction and H1-receptor activation, which seems to stimulate inositol trisphosphate (IP3) generation and
transient Ca2þ release from intracellular stores, followed
by continued generation of IP, IP2, and IP3, which is
linked to prolonged Ca2þ inﬂux in cultured human
bronchial smooth muscle cells (Goldie et al., 1986).
In a number of studies, the histaminic (H1) antagonistic effect of plants in smooth muscle cells have been
reported (Boskabady et al., 2011a, 2006). Saffron inhibitory effect on histamine (H1) receptors was evaluated by
the effect of aqueous-ethanolic extracts of the plant on
the histamine-induced contraction of guinea pig TSM.
Three concentrations of the extracts (0.025 g%, 0.05 g
%, and 0.1 g%) lead to a parallel rightward shift in histamine concentration-response curve, and the maximum
response to histamine was obtained in the presence of
the extract. Chlorpheniramine also showed a similar effect to that of saffron (Boskabady et al., 2010).
Therefore, saffron showed a competitive antagonistic
(inhibitory) effect on histamine H1 receptors that could
be contributed to the plant relaxant effect on TSM. Similarly, the effect of safranal (0.63, 1.25, and 2.5 mg/mL)
on histamine (H1) receptors in guinea pig TSM were
evaluated. The ﬁndings showed that safranal shifted
histamine-response curves to the right, causing achievement of maximum response to histamine and increased
EC50 (effective concentration of histamine causing
50% of maximum response). These results indicated
competitive antagonistic effect of safranal at histamine
H1 receptors which may be considered as one possible
mechanism for the relaxant action of safranal on TSM
(Boskabady et al., 2011a).

Calcium Channel Antagonist Activity of
Saffron and Its Components
Intracellular calcium and associated calcium channels
play a signiﬁcant role in the regulation of smooth muscle activity. Therefore, any change in intracellular/extracellular calcium concentration results in various
disturbance such as intestinal spasm and bronchoconstriction. In this regard, calcium channel antagonists
commonly used in different abnormalities such as

224

PART IV-E

Locomotor System

cardiovascular disorders and hypertension. These drugs
induce a common inhibition on the L-type calcium
channels in smooth muscle cells and result in
relaxation.
Several studies have demonstrated that medicinal
plants induce a relaxant effect on smooth muscles via
blocking of the calcium channels (Boskabady et al.,
2005a, 2005b; Rakhshandah et al., 2010). For instance,
crocin could inhibit the inﬂux of extracellular Ca2þ and
also release intracellular Ca2þ stores in the endoplasmic
reticulum in cultured bovine aortic smooth muscle cells
(He et al., 2004). Furthermore, the effect of saffron on
Ca2þ inﬂux in the aorta smooth muscle of rat was evaluated by radioactive tracer 45Ca. Data showed that the
Ca2þ inﬂuxes induced by norepinephrine (1.2 mmol/L
and KCl of 100 mmol/L) were remarkably inhibited by
saffron concentration-dependently. The ﬁnding indicated
that the plant can block the inﬂux of extracellular Ca2þ
via potential-dependent Ca2þ channels and receptoroperated Ca2þ channels (Liu et al., 2005). Similarly, in
another study, the chronic treatment with saffron had a
hypotensive effect that was attributed to the smooth
muscles inhibitory effect through calcium channel blocking or inhibition of sarcoplasmic reticulum Ca2þ release
into the cytosol (Boskabady and Aslani, 2006).
In addition, crocin could inhibit the elevation of
intracellular Ca2þ in the smooth muscle cells in an
atherosclerosis model. When the cells were treated
with Ox-LDL in the presence of extracellular Ca2þ,
maximum intracellular Ca2þ have generated. However,
preincubation of cells with crocin for 4 h,
concentration-dependently, inhibited the Ox-LDLinduced intracellular Ca2þ elevation. In the lack of
extracellular Ca2þ, Ox LDL-treated smooth muscle cell
revealed maximum intracellular Ca2þ, and preincubation with crocin for 4 h signiﬁcantly blocked the
maximum response (He et al., 2005).
Flavonoid compounds, which are widely found as
secondary metabolites in various plants including
saffron, have an important function such as vasodilation.
It has been suggested that the vasodilatory effect of these
plants attributed to inhibition of PKC (protein kinase C)
or reduction of Ca2þ uptake (Duarte et al., 1993a,b). It
was proposed that crocetin attenuated the PKC activity
in the fraction of membrane, which leads to a reduction
of blood pressure by an inhibitory effect on proliferation
in vascular smooth muscle cells (Zhou et al., 2010).

EDR Effect of Saffron and Its Components
Nitric oxide (NO) predominantly regulates the vascular
tone. NO exerted vasodilatation largely through the activation of soluble guanylyl cyclase (sGC), resulting in

cGMP production (Gao, 2010). The endotheliumdependent vasodilatation of crocetin has also been documented by upregulation of the mRNA expressions of
eNOS in both in vitro and in vivo studies by its action
on eNOS activity and NO production. These results suggest increased NO synthesized in response to crocetin by
endothelial cells, which is the major endotheliumderived relaxing factor in the rat aortas (Tang et al., 2006).
Kaempferol may also have relaxation effects by
endothelium-derived and exogenous NO as well as
endothelium-dependent hyperpolarization through
large-conductance calcium-activated potassium channel (KCa1.1 channels) (Xu et al., 2015).

Intracellular cAMP Effects of Saffron and Its
Components
Substantial evidence indicates that kaempferol exerts signiﬁcant relaxation in KCl-induced tonic contraction in isolated rat uterus, which largely mediated through the cAMP
and antagonized by Rp-cAMPS, an antagonist of cAMP. In
fact, the cAMP, transcription, and protein synthesis are
involved in the kaempferol-induced relaxation in rat
uterus (Revuelta et al., 2000). However, this mechanism
also should be evaluated for saffron and its components
in further studies. Table 17.2 presents the possible mechanisms of the saffron and its components relaxant effect.

CLINICAL APPLICATIONS OF SAFFRON AND
ITS COMPONENTS RELAXANT EFFECT ON
SMOOTH MUSCLES
There are evidence regarding the clinical applications of
saffron and its active ingredients in various disorders
(Pourmasoumi et al., 2018; Razak et al., 2017). For
instance, the effect of saffron and its constituents was
studied in patients with depression (Tabeshpour et al.,
2017), premenstrual syndrome (Agha-Hosseini et al.,
2008),
erectile
dysfunction
(MohammadzadehMoghadam et al., 2015), Alzheimer’s disease (Farokhnia
et al., 2014), and Metabolic syndrome (Kermani et al.,
2017a,b). With regard to the plant relaxant effect on
various types of smooth muscle, saffron may also have
therapeutic values in the disorders including cardiovascular, respiratory, GI, and urogenital tracts disorders (summarized in Table 17.3).

Cardiovascular System
In most cardiovascular disorders such as heart failure,
coronary artery disease, stroke, and peripheral vascular
disease, hypertension is the major risk factor worldwide
(Ogihara et al., 2005). Several adverse effects have been
reported for the available antihypertension drugs for
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TABLE 17.2

The Possible Mechanisms of Saffron and Its Components’ Relaxation Effect on Smooth Muscles.
Smooth Muscle (SM)
Type

Possible Mechanisms

Extract/Constituent and
Studied Dose/Concentration

Reference

Trachea

b2-adrenoceptor stimulatory
effects

Saffron AE extract (0.1 and
0.2 g%) and safranal (1.25 and
2.5 mg)

Nemati et al. (2008)

Trachea

Muscarinic and cholinergic
receptor blocking effects

Saffron AE extract and safranal

Neamati and Boskabady
(2010)

Trachea

Histaminic antagonistic activity

Saffron AE extract (0.02, 0.05
and 0.1 g%)
Safranal (0.63, 1.25, and 2.5 mg/
mL)

Boskabady et al. (2010)
Boskabady et al. (2011a,b)

Vascular

Calcium channel antagonist
activity

Crocin (1  108, 1  107,
1  106 mol/L)

He et al. (2004)

Vascular

Inhibitory effect on PKC or
Ca2þ uptake

Kaempferol

(Duarte et al. 1993b)

Vascular

Inhibitory effect on PKC activity

Crocetin

Zhou et al. (2010)

Vascular

Increased endothelial NOS
activity and production of NO

Crocetin

Tang et al. (2006)

Vascular

Activation of KCa 1.1 channels

Kaempferol (3  106 M)

Xu et al. (2015)

Uterus

Increased intracellular cAMP
and PKA

Kaempferol (3e60 mM)

Revuelta et al. (2000)

PKC, protein kinase C; PKA, protein kinase A.

these drugs. It was suggested that saffron and its components produced hypotensive and cardiovascular protective effects (Mancini et al., 2014; Razavi et al., 2018).
Intravenous administration of saffron aqueous extract
(2.5, 5, and 10 mg/kg), safranal (0.25, 0.5, and 1 mg/
kg), and crocin (50, 100, and 200 mg/kg) lowered the
mean arterial blood pressure in normotensive and hypertensive rats induced by desoxycorticosterone acetate
dose-dependently (Imenshahidi et al., 2010). Furthermore, administration of crocin (50, 100, and 200 mg/
dL) for 5 weeks in hypertensive animals also showed
that crocin reduced mean arterial blood pressure dosedependently (Imenshahidi et al., 2014).
In the study conducted in healthy volunteers by Modaghegh and colleagues, saffron with a higher dose (400 mg)
signiﬁcantly decreased systolic blood pressure and mean
arterial pressures (Modaghegh et al., 2008). However, in
a double-blind, randomized clinical trial which was conducted on metabolic syndrome patients, no signiﬁcant
change in BP after the administration of 100 mg of crocin
for 6 weeks was observed (Kermani et al., 2017a). In addition, a meta-analysis of 11 published studies did not
exhibit any signiﬁcant change in systolic blood pressure

after saffron consumption (Pourmasoumi et al., 2018).
Based on contradictory results, further experiments are
required to fully evaluate effects of saffron and its constituents on cardiovascular disorders.

Respiratory System
In vitro or in vivo animal studies indicated the
bronchodilator effect of saffron in asthma and COPD
through several mechanisms including antihistamine,
anticholinergic, and b2-adrenoreceptors stimulation
(Mokhtari-Zaer et al., 2015). Unfortunately, there
have not yet been any controlled clinical studies investigating the bronchodilatory effect of the plant and its
components on respiratory disorders such as asthma,
COPD, or other obstructive pulmonary diseases. To
conﬁrm the bronchodilatory effects of saffron and its
active compound, clinical studies should be performed.
However, saffron and its components showed a potent
relaxant effect on TSM as well as their stimulatory effect
on b2-adrenoreceptors, inhibitory effect on muscarinic
and histamine (H1) receptors, as well as the effect on
calcium channels, strongly suggest the bronchodilatory
effect of saffron and its component.
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TABLE 17.3

Possible Clinical Applications of Saffron and Its Components’ Relaxant Effect on Smooth Muscles.
System

Disease

Effects

Respiratory

Asthma
COPD
Other
obstructive
diseases

Relaxant effects on
guinea pig tracheal
chains
Reduction of TR
Antitussive effect
In vivo and in vitro
bronchodilation
Bronchodilatory

Bronchodilatory

Cardiovascular

Hypertension

Possible
Mechanism

Extract/
Constituents



Safranal, AE,
and EE
of stigma
AE of stigma
AE of stigma
and safranal
Quercetin

b2e
adrenoreceptors
stimulatory
Anticholinergic and
antimuscarinic

Bronchodilatory

Histaminic (H1)
receptor
antagonism

Reduction of blood
pressure
Reduction of blood
pressure
Reduction of blood
pressure
Decreased SBP and
heart rate induced
Endotheliumdependent
relaxation of aorta
Relaxation of
porcine coronary
arteries
Relaxation of rat
aortic strips
Reduced heart rate
and contractility

_
_
_
Vascular SM
relaxation
Increased
expression of
eNOS, and cGMP
Preventive effects
on the cell
apoptosis
Increased the aortic
cAMP
Vascular SM
relaxation

Aq, Eth Ext
of stigma,
safranal
Aq, Eth Ext
of stigma,
safranal

Reference
Boskabady and
Aslani (2006)
Byrami et al. (2013)
Hosseinzadeh and
Ghenaati (2006)
Joskova et al.
(2011)
Nemati et al. (2008)

Neamati and
Boskabady (2010)
Boskabady et al.
(2011a)

Aq. Ext.,
safranal, crocin
Aq. and Eth. Ext
of petals
Aq. Ext of
stigma
Crocetin

Imenshahidi et al.
(2010)
Fatehi et al. (2003)

Crocetin

Tang et al. (2006)

Kaempferol

Xu et al. (2006)

Quercetin and
kaempferol
Aq-Eth. Ext of
stigma

Duarte et al.
(1993a,b)
Boskabady et al.
(2008)

Imenshahidi et al.
(2013)
Razavi et al. (2013)

Gastrointestinal

constipation

Decreased EFS of
guinea-pig ileum

e

AE and EE of
petals

Fatehi et al. (2003)

Urogenital

Sexual
dysfunctions

Improved erectile
dysfunction

e

saffron gel

Premenstrual
syndrome

Relieving
premenstrual
syndrome
symptoms
Relaxed tonic
contraction

e

capsule saffron
30 mg

MohammadzadehMoghadam et al.
(2015)
Agha-Hosseini et al.
(2008)

Muscarinic
stimulation

Kaempferol and
quercetin

Revuelta et al.
(1997)

Ext, extract; Aq., aqueous; Eth, ethanolic; TR, tracheal responsiveness; SM, smooth muscle; SBP, systolic blood pressure.
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GI Tract
Rezaee Khorasany and his colleagues have published a
review detailing the therapeutic effects of saffron in GI
disorder including hepatotoxicity, liver cancer, fatty
liver, colon cancer, stomach cancer, pancreas cancer,
hyperlipidemia, peptic ulcer, ulcerative colitis, and
ileum contractions (Khorasany and Hosseinzadeh,
2016). However, most of the studies have been carried
our on isolated tissues or murine models of GI disorders. For instance, It has been reported that the petal extracts of C. sativus diminished the evoked contractions
in isolated guinea-pig ileum (Fatehi et al., 2003). In
fact, the saffron extract exhibited a spasmolytic effect
in tissues precontracted by EFS. In fact, it was shown
that electrical stimulation resulted in ACh released
from activated synapses (Bornstein et al., 2004). It is
suggested that ACh binds to M3 postsynaptic smooth
muscle receptors and cause contraction of ileum
smooth muscles. Nonetheless, the efﬁcacy of saffron
in GI tract disorders remains an open empirical question. Controlled clinical studies of saffron have yet to

Systems

Crocus sativus L. (Saffron)

be conducted to determine the efﬁcacy of this plant
for people who have suffered from GI disorders.

Urogenital Tracts
Several experimental and clinical studies have shown a
therapeutic effect of saffron and its component on sexual disfunction (Hosseinzadeh et al., 2008; Shamsa
et al., 2009). In a study on male rats, crocin (100,
200, and 400 mg/kg) and the extract of the plant
(160 and 320 mg/kg) enhanced mounting frequency,
erection frequency, and intromission frequency. However, they reduced mounting latency, ejaculation latency, and intromission latency, while safranal did
not have any effect on the mentioned parameters
(Hosseinzadeh et al., 2008).
Although the previous studies conducted to determine the relaxant effect of saffron on smooth muscle,
some studies have revealed the spasmodic action on
smooth muscle-like uterine (Sadraei et al., 2003). In
fact, C. sativus is regarded as an abortifacient agent, as
it increases uterine muscle contraction (Hosseinzadeh

Eﬀects

Disease
Asthma

Relaxant

COPD

Bronchodilatory

Other obstructive
pulmonary diseases

Respiratory

Contractility

Clinical effect

Cardiovascular
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Blood pressure

Hypertension

Vasodilator
Gastroprotective

Gastrointrestial

Constipation
Antispasmodic
Improved erectile
dysfunction

Sexual
dysfunctions

Relaxed tonic
contraction

Premenstrual
syndrome

Urogenital
FIG. 17.1 Possible clinical applications of the relaxant effect of saffron and its constituents.
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and Nassiri-Asl, 2013). In an in vitro experiment,
saffron extract (200e1600 lg/mL) increased the spontaneous rhythmic contraction in isolated rat uterine
(Sadraei et al., 2003). Furthermore, it has been reported that saffron consumption, particularly in the
last trimester of gestation, can generate preterm delivery due to increased uterine contractions in female
mice (Zeinali et al., 2009). It should be noted that
C. sativus contained various components so each
component could have different actions on muscular
tissue. Interestingly, kaempferol, as a ﬂavonol from
saffron petal, showed a potent relaxant effect on KClprecontracted rat uterus (Revuelta et al., 2000). In
addition, in Chinese medicine, saffron usage is recommended for difﬁcult labor, menorrhagia, and postpartum hemorrhage (Gruenwald, 1998).
However, little research has been performed to
investigate the potential therapeutic effects of saffron
in the urogenital tract disorders. Thus, based on such
preclinical evidence, saffron could be extensively evaluated in clinical trials for urogenital tract diseases, and
future studies should ﬁll this knowledge gap. Possible
clinical effect of saffron and its constituents are presented in Table 17.2 and Fig. 17.1.

CONCLUSION
The results of those evaluated in vivo and in vitro animal studies demonstrated relaxant effects of saffron
extract, safranal, and quercetin, which approved the
bronchodilatory and antitussive properties of the plant.
In different hypertensive animal models and in vitro
isolated vascular and heart preparations, the relaxant
and hypotensive effects of C. sativus extract and its constituents (safranal, crocetin, crocin, quercetin, and
kaempferol) have been shown. Several pathways,
including protecting effect against heart toxic agent,
antiarrhythmia property, improving endotheliumdependent relaxation response to acetylcholine,
increasing serum level of nitric oxide (NO), upregulating vessel activity and mRNA expression of endothelial
NO synthase (eNOS), as well as vessel cyclic GMP
(cGMP) content, have been suggested for cardioprotective and vasodilatory effects of plant and its constituents. In addition, saffron petal extracts and its
ﬂavonoids kaempferol and quercetin showed relaxant
effects on GI (ileum) and urogenital (uterus) smooth
muscle preparations.
The saffron and its components’ relaxant effect on
smooth muscles of various organs, including blood vessels, trachea, GI, and urogenital, have been shown to be
mediated via different mechanisms such as stimulatory
effect on b2-adrenoreceptors, inhibitory effect on

muscarinic receptor, inhibitory effect on histaminic
(H1 receptor) receptors, inhibitory effect on calcium
channel, EDR effect, and effect of saffron and its constituent on intracellular cAMP and effect of saffron and its
constituent on intracellular cAMP.
The result of the reviewed studies suggested the therapeutic effect of saffron and its constituents on cardiovascular, GI, respiratory, and urogenital disorders.
However, few clinical studies investigated those beneﬁcial effects on related systems. Therefore, more clinical
trials should be designated for demonstration of preventive and therapeutic effects of saffron and its constituents due to their smooth muscle relaxant effect.
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