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father of medicine, refer to 400 medicinal plants and advised ‘‘let food be your medicine
and let medicine be your food’’. Most of plants are using today for medicine. It is still
acceptable today that prevention is more important than treatment. Saffron was utilized in
folk remedy against scarlet fever, smallpox, colds, asthma, eye and heart diseases,

Introduction

Saffron is one of the most beneficial plants in the
world from the member of Iridaceae family. It is known
as saffron. Scientific classification of saffron is as
follows: Kingdom: Plantae, Division: Magnoliophyta,
Class: Liliopsida, Order: Asparagales, Family: Iridaceae,
Genus: Crocus, Species: C. sativus L (Hagh-Nazari and
Keifi, 2007). This family has about 80 species in the
world and 32 of them are existing in Turkey. (Davis et al.,
1988) reported that 18 species are endemic for flora of
Turkey. One of them is the crocus species that are in the
30° and 40° North latitude. Flowering period of Crocus
sativus are 2 or 3 weeks in October and November.
Harvesting and cultivating to saffron is too hard. For this
reasons saffron is one of the most expensive spice in the
world (Hagh-Nazari and Keifi, 2007).

History of Crocus Sativus and Importance in Folk
Medicine

The spice and the plant are usually calling the same
name ‘saffron’. Saffron has a long story to using in many
dishes. Some archaeological and historical researches
represent that domestication of saffron dates back to
2000-1500 years BC (Sharafzadeh, 2012). Turkey’s Flora
is very rich because of its geological structure, geological
position and climate characters (Ozdemir, 2006).
Turkey’s biogeography is very suitable for growing
plants. Cultivating to saffron plant was very important in

the period of Ottoman Empire. That time most of saffron
was exporting other countries. But, saffron production has
been decreased past from today. Saffron’s cultivating is in
small area of Safranbolu province (Arslan et al., 2007).
Some reports show that the first product of saffron was in
Turkey about 13"-14™ centuries AD. Safranbolu province
got its name from saffron. The city is the main saffron
producer in Turkey (Mousavi and Bathaie, 2011). United
National Educational Scientific and Cultural Organisation
(UNESCO) were chosen Safronbolu, World Heritage
City, in 1994 because of well-preserved Ottoman Houses
and architecture (Caiola and Canini, 2010). Saffron is
cultivated at least 3500 years in too many countries such
as lran, India, Pakistan, Greece, Spain, Italy, Turkey,
France, Switzerland, Israel, Pakistan, Azerbaijan, China,
Egypt, United Arab Emirates, Japan, Afghanistan, Iraq
and recently Australia. Today Iran is one of the most
important producer (Mousavi and Bathaie, 2011; Rahimi
etal., 2013).

Ethnomedical Importance of Saffron

The research’s showed that Assyrians and
Babylonians used saffron to treat dyspnea, problems of
head, menstruation, delivery and painful urination. The
oldest document of saffron's medical use is in
Assurbanipal library; in inscriptions dated back to 12"
century BC (Mousavi and Bathaie, 2011). In Ayurveda,
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saffron is used to treat chronic diseases such as asthma
and arthritis. It is also using to treat colds and coughs.
Ayurvedic medicines containing saffron are used to treat
acne and several skin illnesses. Ancient texts showed that
the herb's useful as an aphrodisiac, so, it is stimulating
reproductive system. It is largely used as a folk medicine
in India.

The stigma of this plant is also a well-known
traditional Chinese medicine (Bhandari, 2015). In ancient
Greece Saffron was a royal colorant and was utilized as a
perfume in saloons, courts, theatres and bathrooms.
Another use of saffron was as a herbal cure Hippocrates
(5-4" century BC), Erasistratus (4-3 century BC),
Diokles (3" century BC) and Discorides (1% century AD)
utilized saffron for medical intentions like treating eye
diseases (painful eye, corneal disease and cataract,
purulent eye infection), earache, tooth-ache, ulcers (skin,
mouth, genitalia) and erysipelas; they believed that it has
styptic and sedative features (Mousavi and Bathaie,
2011).

Saffron Bioactive Compounds

Saffron’s length is between the 10 to 30 cm. Compact
and globular corms calibre of 5 ¢cm and established in the
substructure. Every corm has 6 to 8 leaves. Outside of the
single ovule ovary in the centre of the flower grows a thin
style of a light yellow colour which ends in a triple stigma
of 2-3 cm length and bright orange-red colour. It is the
dried stigmas of saffron. The spice of saffron includes
several chemical substances like carbohydrates, minerals,
mucilage, vitamins (especially riboflavin and thiamin)
and pigments including crocin, anthocyanin, carotene,
lycopene, and zigzantin. There is also an aromatic essence
turpenic (Safranal), and picrocrocin which give saffron its
spesific taste. Saffron which has triploid 24 chromosomes
is infertile (Moghadam et al., 2013; Singla and Varadaraj,
2011). Vegetative propagation is utilized for saffron
propagation because of its triploid choromosomes (Arslan
et al., 2007). Saffron is symbolized by its long red
stigmas. This stigma’s produce major amounts of
carotenoids (Ahrazem et al., 2010). The stigma’s have a
fascinating and distinctive color, flavor and smell. Some
chemical compounds responsible for its features:

Color: A main colouring pigment is crocin.

Smell: The principal aroma factor in saffron is safranal
(Figure 1).

Flavor: The spesific “bitter” flavour is the glycoside
picrocrocin (Abdullaev, 2007).

Crocins, picrocrocin and safranal is the main
ingredient of saffron. Crocin’s function is colouring.
Picrocrocin and safranal’s function is bitter taste of safron
and its aroma. Picrocrocin (CgH260-) is responsible the
major bitter taste. Saffron’s aroma caused from essential
oil and its major component is the terpene aldehyde,
safranal. Crocins dissolve simply in water to supply an
orange-red solution. This is the reason for using as a food
colorant (Rahimi et al., 2013). Crocin is a natural
carotenoid and is also found in Gardenia Jasmenoides
(Ahmad Dar et al., 2012).

OH
\\\\\\\E:Q/

Zeaxanthin

/ \ .
HO,, JOH N
(o]
SN ‘
o 0

Crocetin

HO,C

Picrocosin

O—gentioblose
LN 2 T Vo U S
O—gentioblose

Crocin

é@,

Safranal

Figure 1 The structure of safranal (Leffingwell, 2002)
Biological Activities of Saffron

Various pharmacological activities of saffron have
been investigated. Saffron and it’s the most important
component (crocin), have many therapeutic features such
as antitumor, antioxidant, anxiolytic, neuronal protective,
anti-ischemic and protective against DNA damage
activities (Mohajeri et al., 2010). Saffron and its crocins
are potential anti-cancer and also a hypolepidemic and
antioxidant agent, protects brain against excessive
oxidative stress, protective on ischemic heart, useful in
alleviation of cognitive deficits, possesses significant anti-
proliferation effects on human prostate and colorectal
cancer cells, aphrodisiac activity, immunomodulatory,
growth inhibition of dalton's lymphoma, beneficial in
diabetic neuropathy treatment, effects glucose uptake and
insulin sensitivity and too many other activities. Another
component of saffron, crocetin, enhances alveolar oxygen
transport and raising pulmonary oxygenation, obstructs
skin tumour promotion and maintains against oxidative
damages, have cardiovascular protective effects, improves
acetylcholine-induced vascular relaxation in hypertension,
acts as potent anti-tumour agent, inhibits vascular
endothelial  growth  factor-induced  angiogenesis,
antithrombotic effects (Agnihotri and Aperito, 2015).

Crocetin has many beneficial effects but on the
contrary some researches showed that crocetin can be a
teratogen. The high dose of crocetin caused abortion and
it can be toxic (Mohajeri et al., 2007). Crocin has many
biologic activities even so crocin (200 mg/kg, ip.) did not
show anticonvulsant activity. The meaning of this is
crocin must be a good anti-depressant (Ahmad Dar et al.,
2012).

Crocin showed various pharmacological effects on the
nervous system such as antianxiety  activity,
antidepressant effects, aphrodisiac properties, learning
and memory-enhancement (Alavizadeh and
Hosseinzadeh, 2014). Modaghegha et al. (2008) studied
the effects of saffron tablets on hematological and
biochemical parameters. Saffron stigma tablets were
appraised for short-term safety and tolerability in healthy
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adult volunteers. 3 groups are generated. Each group has
10 volunteers (5 males and 5 females). Group | was
placebo, meanwhile, groups 2 and 3 received 200 and 400
mg saffron tablets, respectively, for 7 days. Volunteers’
hematological, biochemical and electrocardiographic
parameters were measured pre and post treatment.
Clinical findings showed no appearance changes in all
volunteers after intervention. Higher dose of saffron (400
mg) remarkable reduced standing systolic blood pressure
and mean arterial pressures. Saffron reduced slightly
some hematological parameters such as red blood cells,
hemoglobin, hematocrit and platelets. Saffron improved
sodium, blood urea nitrogen and creatinine amount
(Modaghegha et al., 2008).

Antiinflammatuar Effect of Saffron

Antiinflamatuar effect of saffranal is investigated by
Tamaddonfard et al. (2013). The research showed that
crocin and safranal showed antiinflammatory and
antinociceptive effects in carrageenan model of
inflammation and inflammatory pain. Crocin and safranal
anti-inflammatory and antinociceptive effects were the
same as those of diclofenac, as a reference drug
(Tamaddonfard et al., 2013). There are many studies that
show the neuroprotective activities of crocin and crocetin
in experimental models of brain disorders, for instantce
cerebral ischemia, memory impairment and Parkinson’s
disease (Zhang et al., 1994; Zheng et al., 2007; Ahmad et
al., 2005). In a hemorrhagic sshock model, crocetin
suppressed mRNA expression of tumour necrosis factor-
a, interleukin-1f and iNOSin her liver and raised the
survival (Yang et al., 2006). Also, crocin raises
intracellular glutathione levels, so that prohibits cell death
in serum-deprived and hypoxic PC12 cells which is the
cell culture model for brain ischemia (Ochiai et al., 2007).
It has been shown that crocin protects the cerebral
microvessels from high oxidative stress via decreasing the
activities of superoxide dismutase and glutathione
peroxidase (Zeng et al., 2007). Nam et al. (2010)
demonstrated that one of the mechanisms of the inhibitory
effects of the crocin and crocetin in activated microglia
was the repression of the NF-KB transcriptional activity.

Anti-Hyperglycemic Effect of Saffron

Kianbakht and Hajiaghaee (2011) studied about
saffron, crocin and safranal effects on the blood levels in
diabetic rats. Their results showed that saffron may have
anti-hyperglycemic and blood insulin level raising effects
without hepatic and renal toxicities in the alloxan-diabetic
rats. Crocetin was able to increase insulin sensitivity and
ameliorated abnormalities correlated to insulin resistance,
such as, impaired glucose tolerance, hypertension due to
high-fructose diet and dexamethasone injection in rats
(Chen et al., 2008; Xi et al., 2005). Also, crocetin reduced
the palmitate-induced insulin sensitivity in the rat
adipocytes (Xi et al., 2007). Moreover, crocetin is
enhanced the insulin resistance stimulated by high-fat diet

in rats (Sheng et al., 2008). Furthermore, crocetin is
blocked adhesion of leukocytes to the bovine aortic
endothelial cells (BEC) stimulated by advanced glycation
end products (AGEs) and AGEs-induced BEC apoptosis
probably via its antioxidant activity, thus, researchers
reported that crocetin may hinder diabetes-related
vasvular complications (Xiang et al., 2006a; Xiang et al.,
2006b). It has been proven that extraction of saffron
improved the insulin level in alloxan-diabetic and non-
diabetic rats and caused renewal of B-cells in alloxan-
diabetic rats (Mohajeri et al., 2009; Arasteh et al., 2010).
As a result, all these effects may cause due to crocin,
crocetin and safranal in saffron.

Effect of Saffron on Central Nervous System

Crocin has a special, protective effect on ethanol-
induced impairment of learning and memory (Singla and
Varadaraj, 2011). Sahraeil et al. (2012) examined that
effects of saffrons ethanolic extract and it’s the most
important constituent crocin on chronic stress induced
Wistar rats. Their results report that saffron ethanolic
extract and crocin might interact with hormonal,
metabolic and behavioural changes induced by electric
shock stress in rats (Sahraeil et al., 2012). Alzheimer is a
neurodegenerative disorder symbolized by the formation
of extracellular amyloid B-peptide (AP) fibrils and
intracellular  neurofibrillary messes. It has been
investigated that apoptotic cell death occurs in the brains
of Alzheimer’s patients. The study showed that the
methanol and water extract of C.sativus stigmas inhibited
AP fibrillogenesis in a concentration (Singla and
Varadaraj, 2011; Alavizadeh and Hosseinzadeh, 2014).
Saffron has effective on cerebral ischemia. The
cumulative findings support the involvement of reactive
oxygen species (ROS) in cerebral ischemia- induced
neural cell damage. In fact, ROS are accountable for
generating nitric oxide (NO) and malondialdehyde
(MDA) and reducing activities of superoxide dismutase
(SOD) and glutathione peroxidase (GSH). Antioxidants as
a-tocopherol, B-carotene, ascorbic acid and more, are
considered promising for neuroprotection due to their
potential ROS prohibit abilities. The studies showed that
treatment of PC-12 cells with crocin inhibited cell
membrane lipid peroxidation and restored intracellular
SOD activity even more efficacious than a-tocopherol at
the same concentration (Alavizadeh and Hosseinzadeh,
2014). Hosseinzadeh et al. (2012) studied about saffron
and it’s the major component crocin’s effect on
recognition and spatial memory after chronic cerebral
hypoperfusion in Wistar rats. Their study commits that
saffron extract and crocin improve spatial cognitive
abilities following chronic cerebral hypoperfusion and the
effect might be associated to the antioxidant effects of
these compounds (Hosseinzadeh et al., 2012). It has been
reported that saffron and its components possess
antidepressant and anxiolytic effects (Alavizadeh and
Hosseinzadeh, 2014).
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Antioxidant Effect of Saffron

Reactive oxygen species (ROS) cause oxidative
damage in cell membranes and it is associated with many
pathological conditions. Antioxidant therapy is well
known method to protecting from ROS. Saffron has been
advised for its radical scavenging feature that inhibits
lipid peroxidation (Premkumbar and Ramesh, 2010). The
crocin bleaching assay was also developed according to
this important property of crocin as a basic element which
is responsible for the antioxidant activity of saffron. The
chemo preventive quality of saffron via modulation of
antioxidants, lipid peroxidation, and detoxification
systems was also suggested. Masmoul et al. (2013) report
that saffron’s antioxidant-rich components can be
modulate obesity and associated disorders. They might be
useful controlling, managing and preventing disorders
associated with overweight and obesity (Mashmoul et al.,
2013). There is a study to determine polyphenol amount
in Lebanese saffron and the antioxidant effect from
different extracts of this (Makhlouf et al., 2011). Their
study showed that Crocus sativus, grown in Lebanon,
includes a significant amount of polyphenols and it has a
strong antioxidant effect against the free radicals. This
plant supplies prevention for the organs free radical
depended on damages. Even so, these effects depend on
dose. Furthermore, it decreases the level of lipid
peroxidation that might cause several problems and
maintain the activity of one of the important antioxidant
enzymes, the superoxide dismutase (Makhlouf et al.,
2011).

Cardiovascular Effects of Saffron

Antioxidants in saffron tea can decrease the risk of
cardiovascular diseases. The flavonoids, especially
lycopene, found in saffron can supply added prevention.
Crocetin implicitly helps to decrease cholesterol level in
the blood and severity of atherosclerosis, thus decreasing
the chances of heart attacks. Saffron helps to decrease the
risk of heart disorders by reinforcement the blood
circulatory system. Saffron has minerals such as thiamin
and riboflavin. Saffron promotes a healthy heart and
prevents various cardiac disorders (Kamalipour and
Akhondzadeh, 2011). Atherogenic dyslipidemia is a main
risk factor for cardiovascular diseases in diabetic patients.
It is qualified with a raised level of lipoprotein and a
reduced level of adiponectin. Diabetic patients use agents
to decrease cardiovascular risk. Hemmati et al. (2015)
compared antiatherogenic and antioxidant effects of three
medicinal plants B. vulgaris, C. sativus, and Z. Jujuba.
Their finding show that saffron, jujube, and barberry
extracts might have antiatherogenic effects in diabetic rat
models, which is probably to be associated to the
antioxidant capacities of the extracts (Hemmati et al.,
2015).

Saffron’s Effect on Sexual Function
Reactive oxygen species have impacts on gamete

quality and gamete coaction; ROS affect spermatozoa,
oocytes, embryos, and their environment. Maleki et al.

(2014) studied the antioxidant effect of different
concentrations of saffron aqueous extract and its great
component, crocin, on the improvement of in vitro
maturation (IVM) and subsequent in vitro fertilization
(IVF) and embryo development of mouse oocytes. Using
of saffron aqueous extract throughout in vitro maturation
can impress on IVM, IVF and early embryo development
in a dose dependent manner. Saffron aqueous extract
seems to have a stronger effect than pure crocin (Maleki
et al., 2014). In folk medicine, saffron is suggested as an
aphrodisiac agent. Crocin’s aphrodisiac activity was
evaluated on male rats. The researches shows that the
crocin reveal aphrodisiac activity by increasing mounting
frequency (MF), intromission latency (IL) and ejaculation
latency (EL) behaviors and reducing MF, IL and EL
parameters (Singla and Varadaraj, 2011).

Saffron’s Effect on Hyperlipidemia and Hypertension

Hypertension is the widespread cardiovascular disease
and is a main public health disorder in developed as well
as developing countries. Saffron contains a chemical
called crocetin that lowers the blood pressure (Joshi et al.,
2012). Researchers are studied that effects of chronic
exposure to saffron stigma aqueous extract on the blood
pressure of normotensive and desoxycorticosterone
acetate (DOCA)-salt induced hypertensive rats
(Imenshahidi et al., 2013). They are concluded that
saffron aqueous extract possesses antihypertensive and
normalizing effect on blood pressure in chronic
application (Imenshahidi et al., 2013). Saffron extract and
its components, principally crocin and safranal, have
some blood pressure modulating features. But, there must
be further more studies to find effective dose and
mechanism of action. Saffron’s effect can be related to
antioxidant properties and its components (Milajerdi et
al., 2015).

Anticancer and Antitumor Effect of Saffron

Cancer sustains to indicate the largest reason of
mortality in the world and claims over 6 million lives
every year. An excessively preventing strategy for cancer
protection today is chemoprevention, which is describes
as the use of synthetic or natural agents to stop the
development of cancer in human beings. Plants,
vegetables, herbs and spices used in folk and traditional
medicine have been admitted recently as one of the major
sources of cancer chemo preventive drug exploration and
development. Chermahini et al. reported that saffron and
its components has an inhibitory influence on cellular
DNA and RNA synthesis, but not on protein synthesis. It
has been shown that nucleic acid synthesis was inhibited
by saffron and its constituents without any profound
effect on protein synthesis in tumour cells. The antitumor
activity of saffron and its components is the inhibitory
effect on free radical chain reactions, because most of the
carotenoids are soluble in lipid and might act as
membrane related high-efficiency free-radical scavengers,
which is associated with their antioxidant properties.
Another mecanism is that the cytotoxic effect of saffron is
connected with interaction of carotenoids with
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topoisomerase I, an enzyme included in cellular DNA-
protein interaction (Chermahini et al., 2010). It has been
showed that crocin indicates anti-proliferative effects in
human colorectal cancer cell lines while not impressing
normal cells. In addition to that, researchers report that
crocin and crocetin were shown to inhibit breast cancer
cell proliferation. Noureini and Wink (2012) investigate
that antiproliferative effect of crocin in hepatocarcinoma
(HepG2) cells. Telomerase activity of HepG2 cells
reduces after treatment with crocin, which is presumably
caused by down-regulation of the expression of the
catalytic subunit of the enzyme. Studies shows that crocin
might be a selective target in cancer therapy (Noureini
and Wink, 2012). The antitumor activity of saffron was
reported in literature in the beginning of 1990’s. Saffron
and its carotenoid constituents are chemo preventive in
growth human malignant cells and animal models,
exhibiting cell growth. This could explain how they
reduce outgrowth of tumour cells in vivo. It has been

represented that those malignant cells are more
susceptible than normal cells against the inhibitory effect
of saffron. Inhibition of intracellular nucleic acid

synthesis and free radical chain reactions may contribute
to describe the molecular mechanism of antitumor effect
of saffron (Abdullaev, 2004).

Effects of Saffron in Reperfusion

There is an investigation on the effects of crocin, a
natural antioxidant reproduced from saffron, on cardiac
reperfusion-induced arrhythmia and antioxidant systems
such as catalase and superoxide dismutase (SOD) enzyme
activities, glutathione (GSH) and malondialdehyde
(MDA, as a marker of lipid peroxidation) levels
(Jahanbakhsh et al., 2012). Their results recommend a
preventive role of crocin on cardiac reperfusion
arrhythmias which may at least partly be associated to
stability or even amplification of antioxidant systems.
Crocin might potentially be utilized for treatment or
prevention of arrhythmias in patients with ischemic heart
disease (Jahanbakhsh et al., 2012).

Conclusions

Saffron is one of the remarkable plants in the world.
Saffron is grown in many countries in worldwide. Many
of studies have been investigated about saffron. The
studies concentrated in biological activities of saffron.

Since ancient times, saffron has been used as a
medicinal plant and a spice. It has been used as an
antispasmodic, sedative agent, stimulant, stomachic,
reperfusion, ischemia, aphrodisiac, anticonvulsant,
antidepressant, anti-inflammatory, antitumor, anticancer,
antihypertensive, antioxidant and learning and memory
improving effects. It has great effects on central nervous
system. The findings report that using traditional
medicine saffron is very beneficial to protecting disorders.

People while using saffron, they must be careful
because the highest dose of saffron might be toxic. A
variety of natural products, including natural extracts and
isolated compounds from plants, have been reported to

prevent health problems. Herbs are important for
prevention from disorders. Antioxidant-rich saffron
compounds may modulate disorders.
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