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Introduction moreover underlying the discovery and development of
Islamic period is one of the most important new drugs based upon herbal medicine referenced in
historical eras for herbal medicine advancement. Islamic medical textbooks.

Considering religious influence, Muslims made great
improvements in the field of medicine, translating and
compiling medical texts. Oriental medicine owes
considerably to Iranian scientists for progress. A lot of
aspects of Islamic medicine in the past is been indicated
clinically today and its validity is proven by modern
medicine. Most well-known Iranian medical scientists
in 3rd to 6% centuries are Avicenna and Razi (1, 2). Their
endeavors resulted in changing the science of medicine
from theory to practice, regulating and completing

Zakariya Razi

Abu Bakr Mohammad ibn Zakariya Razi, known as
Rhazes (865-925 AD), the famous Iranian physician,
chemist and philosopher, wrote about 250 books and
treatises (3-5) (Figure 1).

He was born in Al-Ray, just south of modern
Tehran. His father was a goldsmith, thus in an artisan
setting he became involved in the study of alchemy
and chemistry.

Greek medicine, preparing herbal drugs and m S S B g
prescribing them to the patients. Their compilations on ["'C'“’*"" R DTS
describing and treatment of diseases such as rubella, R /e = S
smallpox and their translation to more than 40 ': ' W

languages are firm proofs of their reputation (1).
The aim of the present study is to represent

e

therapeutic uses of saffron mentioned in the book Al- e ws Mommage 3 Razis vare
") R. | Journes des Pharmaciens en lran)

hawi as well as comparing it to the results of recent
studies. The positive results of this study show
the significance of Islamic medicine and scientists; Figure 1. A Persian stamp with Rhazi's portrait
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He studied philosophy under the supervision of
the famous Shiite Muslim philosopher Abu Zaid
Ahmad Ibn Sahl Al-Balkhi (a Persian Muslim
polymath) and later developed his own philosophical
system. He studied medicine in Muqtadiri hospital
under the supervision of Ali Ibn Rabane in Baghdad.
After finishing his apprenticeship, Razi left Baghdad
for Ray and founded his hospital in this city (6, 7).

Razi and Avicenna (937 to 1037) are the two greatest
physicians in medieval medicine and developed the
theory and practice of medicine. Razi, an Iranian
physician, followed both Hippocrates and Galen in their
procedures and their concepts. He joined the
knowledge of textual scholarship with astute clinical
observations. The most important aspects of his
research deal with immunology and allergic diseases.
He was the first physician ever to write articles in this
field. Another important study of Razi was on smallpox;
the first known description of smallpox was by him. At
the end of his life, he became blind as a result of
complications of cataract. Razi died in Rey in 925 A.D. at
sixty years of age (3, 6, 8).

The most important and main complete book of Razi
is “Al-Hawi”, a 25-volume medical encyclopedia. Razi
spent 15 years on this book. It comprises his
observations and experiments with information that
was found in Greek medical books on diseases and their
treatments. Faraj ibn Salem (Farragut) translated this
book into Latin in 1279. “Al-Hawi” was reissued five
times in Europe between 1488 and 1542 (8, 9).

Other main medical books of Razi are: “Man la
Yahduruhu al-Tabib (For One without Doctor)”, “Al-
Mansouri”, “Al-Jodari wa al-Hasbah (Smallpox and
Measles)” and “Al-Morshed (The Guide)” (10, 11).

Saffron

Saffron is a spice obtained from the stigmas of the
flower of Crocus sativus L, which is widely cultivated in
Iran and other countries such as India and Greece.
Saffron cultivation and making use of this plant go back
to nearly 3000 years based on current evidence but
first records on this plant were made at the Assyrians
age. Since then saffron has been used to treat more than
90 diseases (12).

Saffron is a small and perennial plant which grows
10 to 30 cm high. From the center of the bulb, several
leaves end in 2 to 3 flowers. The color depends on the
level of carotenoid and lycopene inside a 3-branched
stigma, and its size varies rather than the branches,
which is always 3 (13, 14) (Figure 2).

The chemical components of saffron are 5% fat,
10% moisture, 5% minerals, 12% protein, 5% crude
fiber, and 63% sugars (% w/w). More than 150 volatile
compounds including terpenes alcohol, terpenes, and
their esters are present in saffron stigmas among
which, three major bioactive compounds in saffron are
crocin, picrocrocin and safranal, which are responsible

for saffron’s exclusive color, taste and odor, respectively
(12,15-17).

The bitter taste of saffron is caused by picrocrocin,
which leads to safranal in the end. Other active
ingredients include zeaxanthin, lycopene, carotene, and
vitamins particularly riboflavin and thiamine (17).

Pharmacological activities

Many nations have used saffron to cure numerous
diseases for centuries and various pharma-
cological activities of saffron and its constituents
have been extensively studied (18). These activities
include anticonvulsive (19, 20), anti-ischemic (21-23),
anti-genotoxic (24, 25), antidote (26, 27), anti-
Alzheimer (28), antitussive (29), hypolipidemic (30),
antinociceptive, anti-inflammatory, and antioxidant
effects (31, 32). Saffron also offers protective effects
against, cardiovascular disease (33), diabetes (34),
Parkinson’s disease (35), depression (36), cancer and
tumor activity (37), atherosclerosis, and other diseases
(16, 38) (Figure 3).

Figure 2. Saffron
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Figure 3. Pharmacological activities of saffron
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Traditional uses

Traditional uses of saffron have been noted in many
articles. For example in Iranian folk medicine saffron is
used as bitter, stimulant, fragrant, tonic, aphrodisiac,
stomachic, antispasmodic, emmenagogue, diuretic,
anticancer, laxative, galactagogue, and is useful in
bronchitis, cephalalgia, pharyngoplasty, vomiting, fever,
epilepsy, inflammations, skin diseases, septic
inflammations, stimulation of circulation, etc. In Indian
folk medicine saffron is used as an adaptogen (13, 39,
40).

Materials and Methods

A search was carried out using Scopus, MEDLINE
and Web of Science databases and local references
without date restriction. The keywords for the search
were: Crocus sativus, saffron, crocin, safranal,
crocetin, anticonvulsant, analgesic, neuroprotective,
cardiovascular, antidepressant, immune system, Razi,
and “Al-Hawi”. In terms of the pharmacological effects
of saffron as reported in the literature, recent and
related articles were chosen and compared with the
plant monograph of Razi’s Al-Hawi book.

Comparative evaluation of saffron in Al-Hawi and in
modern medicine
Effects on sexual behavior and genitourinary tract

Razi: ‘It is a diuretic and a stimulant of sexual desire’
(41).

In traditional medicine, saffron is recommended as
an aphrodisiac agent (14, 39, 42). In Iranian medicine, it
was used as a diuretic and as a purifier of kidney and
bladder. It also was used to treat urinary obstruction.
The aphrodisiac effect of saffron was approved in many
traditional medicines such as Middle Eastern medicine
(39). Many experimental and clinical studies show that
saffron and its bioactive pigment, crocin, can affect
sexual factors by enhancement of erectile function,
increasing of libido, amelioration of semen quality and
reduction of hesitation time (43, 44). In an animal
model, the aphrodisiac activities of C. sativus stigma
aqueous extract and its constituents, safranal and
crocin in different doses, were compared with sildenafil
(60 mg/kg body wt, as a positive control). The results of
this study showed that crocin, at all doses, and the
extract at high doses increased mount frequency,
intromission frequency, erection frequency, and
reduced ejaculation latency, intromission latency, and
mount latency parameters. Although the aphrodisiac
effects of crocin and aqueous extract were shown in
this study, safranal did not show aphrodisiac effects at
any dose (45). In a clinical study, the effect of saffron
was investigated on the semen analysis in 52 men with
idiopathic infertility whose problem could not be
solved surgically. Saffron, 50 mg, was administered 3
times a week for 3 months. Sperm normal morphology
and sperm motility were improved significantly after
the study period, but sperm count was not changed
significantly (46). Saffron supplementation (30 mg/day
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for 4 weeks) was efficacious in treating fluoxetine-
related erectile dysfunction in married men and
depressed women with major depression whose
depression had been stabilized on fluoxetine. This
study showed that saffron supplementation might lead
to improvements in sexual function in men and women
with major depression (47, 48). The effect of 200 mg
saffron for ten days on parameters of nocturnal penile
tumescence and international index of erectile function
of men was evaluated. Results showed that saffron can
reduce erectile dysfunction and a significant
improvement in tip rigidity and tip tumescence, as well
as base rigidity and base tumescence, were seen after
saffron treatment (43). The effects of hydroalcoholic
extract of saffron on sex hormones in female rats that
received cyclophosphamide showed that saffron can
reduce toxic effects of low dose cyclophosphamide on
the pituitary-gonadal axis and lead to estrogen
production (49).

The aqueous extracts of saffron exhibited a diuretic
effect in rats. Hydrochlorothiazide (10 mg/ kg body wt,
intraperitoneally), a potent diuretic as positive control
and normal saline solution as placebo for the control
group were compared with aqueous extracts of saffron
at doses of 60, 120 and 240 mg/kg body wt. The results
showed that higher doses of saffron induced a diuretic
effect in a dose-dependent manner and urine volume
and urine electrolyte concentration of sodium and
potassium were increased in the test period (5 hr). The
onset of diuretic activity of saffron was rapid and
diuretic  activity of saffron was 0.86 to
hydrochlorotiazide (50).

Crocin showed an antilithiatic effect with doses of
20 and 40 mg/kg in rats fed ethylene glycol 1% in
drinking water. Crocin with an antioxidant effect and
balancing promoter and inhibitor factors can increase
magnesium and citrate levels in urine. Crocin with a
dose of 40 mg/kg decreased total protein loss in urine.
The number of calcium deposits in the kidney tissue of
lithiatic rats was decreased after prophylactic
treatment with 20 and 40 mg/kg of crocin (51). Saffron
has protective effects against calcium oxalate
nephrolithiasis induced by ethylene glycol in rats. At
doses of 50, 100 mg/kg it showed prophylactic effects,
and at 100 mg/kg curative effects (52).

Effects on delivery and premenstrual symptoms

Razi: ‘Ingestion of 6 to 7 g of saffron induces the
delivery. I prescribed it many times and the results were
always positive. It was useful for the treatment of female
genitourinary system disorders. It is prescribed in
hardness, blockage, adhesions, and malignant ulcers of
the uterus’ (41).

In traditional medicine saffron has been used as
facilitator of difficult delivery, and it was useful in
treating uterus pain and in regulation of menstrual
cycle as well (39). Antaki has written: "It has been
experienced that oral use of 3500 mg of saffron with rose
water and sugar can facilitate delivery. The application
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of a vaginal suppository prepared using 3500 mg of
saffron precipitated labor and delivery of the placenta”
(53). Ahmadi et al showed that the use of saffron can
shorten the delivery process. In this study 30 women
were randomly divided into two groups who took
saffron capsules (250 mg) and placebo capsules as
positive group and control group, respectively. The
results showed that administration of saffron capsule at
the beginning of the active phase of labor (one capsule
every 2 hr for maximum 3 capsules) could shorten the
active phase of labor time in saffron consumer group
(54). Using more than 10 g of saffron is effective in
induction of abortion but this method is accompanied
by life-threatening complications (55). Agha hosseini et
al showed that saffron was effective in relieving
symptoms of premenstrual syndrome (PMS). Saffron
(30 mg/day) alleviated the symptoms of PMS in cycles
3 and 4 (Total Premenstrual Daily Symptoms and
Hamilton Depression Rating Scale) (56). Saffron has
been suggested as an effective means to relieve the
emotional symptoms associated with PMS (57).

The specified mechanisms of saffron in alleviating
PMS symptoms in women have not been completely
studied.

Effects on respiratory tract

Razi: ‘Use of aqueous extract of saffron can facilitate
respiration’ (41). Saffron’s aroma and its oil are good
for diaphragmitis and pleurisy and have been used in
traditional Iranian medicine (39).

Hosseinzadeh et al have shown that ethanolic
extract of C. sativus (100-800 mg/kg) and safranal
(0.25-0.75 ml/kg) reduced the number of coughs. The
extracts or agents were given intraperitoneally 30 min
prior to exposing guinea pigs for 10 min to an aerosol of
an irritant agent, citric acid. Safranal and the aqueous
extract of saffron showed an antitussive property, but
crocin did not show this effect (29). The relaxant effects
of aqueous ethanolic extracts of C. sativus and safranal,
were examined on guinea-pig tracheal chains by
Boskabady and Aslani. Results showed that a relatively
potent relaxant effect of C. sativus on guinea-pig
tracheal chains, which was comparable with
theophylline as positive control in this test and the
relaxant effect of this plant could be due to b-
adrenoceptor  stimulatory, = muscarinic  and/or
histamine (Hi) receptor inhibitory effect; authors
suggested that safranal was responsible for this (58). In
another study, it was shown that safranal possibly acts
as a histamine H; receptor competitive antagonist in
guinea pig tracheal chains. The effective concentration
(EC50) of histamine obtained in the presence of
safranal was significantly greater than that of saline and
this effect was dose-dependent (59).

In addition, saffron can protect the lungs from
pathological changes and can decrease progress of
asthma in sensitized guinea pigs. The lowering effects
of saffron on the serum histamine level, eosinophil
count of lung lavage, total white blood cells, and

pathological changes of sensitized animals are perhaps
due to its suppressing effect on lung inflammation, and
it was comparable with dexamethasone in this study
(60). Saffron in combination with honey reduced the
course of treatment in children with pneumonia. The
recurrence of pneumonia was much less in saffron’s
group for six weeks (61).

Effects on liver and gastrointestinal tract

Razi:'Saffron neutralizes gastric acid, cleanses the
stomach, increases digestion of food, strengthens liver
and stomach and decreases appetite’ (41).

Administration of aqueous extract of saffron (30
min before treatment with agents) can reduce gastric
ulcerations induced by pylorus ligation (Shay rats),
indomethacin (40 mg/kg) and various necrotizing
agents including (80% ethanol, 0.2 M NaOH and 25%
NaCl) in rats. The saffron aqueous suspension at doses
of 250 and 500 mg/kg exhibited a decrease in basal
gastric secretion and ulcer index in Shay rats and
indomethacin-treated groups. Saffron suspension
significantly prevented the depletion of gastric wall
mucus induced by 80% ethanol. Saffron prevented the
depletion of gastric non-protein sulfhydryl contents
(62).

However, in another study saffron extract increased
basal and stimulated gastric acid and pepsin secretions.
In this study 100 mg/kg saffron extract was
administered orally for 5 days to rats. After this period
gastric contents such as basal and stimulated acid and
pepsin secretions were increased by saffron. Saffron
can improve digestion of proteins with the benefit of
lower pH conditions aiding in digestion (63). To
evaluate the effects of saffron on appetite, Gout et al
took 60 women in a randomized, double-blind, placebo-
controlled trial. 31 women consumed 1 capsule of
Satiereal (176.5 mg saffron extract per day) and 29
women consumed a placebo. After 8 week Satiereal
consumption produced a reduction of snacking and
created a satiating effect that could contribute to body
weight loss (1 kg) (64).

Crocin exhibited a dual inhibitory activity against
the cyclooxygenase-1 (COX1) and cyclooxygenase-2
(COX2) enzymes. Use of 12, 25, and 50 mg/kg crocin to
male Kunming and Sprague-Dawley rats prevented
damage to the stomach mucosa in a dose-dependent
manner (65). Saffron, crocin and safranal showed
protective effects against oxidation-induced tissue
injuries due to their antioxidant properties. Use of
indomethacin (40 mg/kg, orally in non-diabetic rats
and 15 mg/kg, orally in diabetic rats) induced oxidative
stress, gastric lesions, lipid peroxidation and decrease
of glutathione levels. The influence of pretreatment
with saffron extracts (25, 100 or 250 mg/kg, p.o.),
crocin (2.5, 5 or 10 mg/kg, orally) and safranal (0.25, 2,
5 ml/kg, orally) and omeprazole (30 mg/kg, p.o.) 30
min before administration of indomethacin, revealed
that saffron extracts, crocin and safranal reduced ulcer
index similar to omeprazole and prevented lipid
peroxidation and increased glutathione measures (66).
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Treatment with diazinon (DZN) as a hepatotoxic
agent, induced reactive oxygen species (ROS)
generation and apoptosis pathway activation. Crocin at
doses of 125, 25 and 50 mg/kg per day,
intraperitoneally in association with DZN 15 mg/kg per
day, orally after 4 weeks decreased malondialdehyde
levels significantly in the group that received DZN plus
25 mg crocin. However, crocin attenuated the
activation of caspases and reduced the Bax/Bcl-2 ratio
(67). Administration of ethanolic extract of C. sativus
stigma (40 and 80 mg/kg) significantly decreased the
levels of serum biomarker of hepatic injury and total
bilirubin and elevated the levels of albumin that they
induced by rifampin (as a hepatotoxic drug 500
mg/kg/per day in 1 month) in rats. In addition to
biochemical results, C sativus improved the
pathological change induced by rifampin (68).
Aluminum chloride (AICI3), as a hepatotoxic substance,
increased the cholesterol levels, triglycerides, liver
enzymes, lipid peroxidation, and hyperglycemia in the
AlCl; treated rats compared to the control. The
mentioned hepatic markers were improved to baseline
after treating rats with saffron and honey; the lipid
peroxidation rate was alleviated subsequently, as well
(69).

Antidepressant effect

Razi: ‘Use of saffron would lead to a high feeling of
pleasure which isso close to a psychotic state. (41).

One of the best-known qualities of saffron is its
enlivening and antidepressant activity. Saffron is
considered an excellent therapeutic plant for treating
depression in traditional medicine. Modern scientific
firmly supported the beneficial impact of saffron stigma
and petal extracts in the treatment of mild to moderate
depression (70, 71).

The effects of aqueous or ethanolic extracts of C
sativus stigmas and safranal on CNS have been widely
studied and various effects such as: anticonvulsant
(20), withdrawal syndrome reduction (72), effect on
memory (73), and enhancing spatial cognitive abilities
after chronic cerebral hypoperfusion (15), have been
shown. The antidepressant effect of saffron was highly
evaluated and the Razi's statement about this quality of
saffron was confirmed.

The antidepressant activity of saffron was evaluated
by Hosseinzadeh et al via forced swimming test in mice.
The ethanolic and aqueous extracts of stigma (0.2-0.8
g/kg), safranal (0.15-0.5 ml/kg) and crocin (50-600
mg/kg) reduced immobility time in mice. Both safranal
and crocin extracts increased swimming time in mice
(74). Long term treatment of depression affects the
level of the brain-derived neurotrophic factor (BDNF)
and nerve growth factor (VGF, non-acronymic), whose
transcriptions are dependent on cAMP response
element binding protein (CREB) and on the other hand,
increased levels of CREB with similar behavioral
responses to antidepressants occur (75, 76). Crocin
(12.5, 25, and 50 mg/kg) compared with imipramine
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(10 mg/kg; as positive control) and saline (1 ml/kg; as
neutral  control), which were administered
intraperitoneally to male Wistar rats for 21 days. After
21 days crocin significantly reduced the immobility
time in the forced swimming test. 25 and 50 mg/kg of
crocin increased the levels of CREB and BDNF
significantly in a dose-dependent manner in the
hippocampus. All doses of crocin increased the VGF
levels in the hippocampus in a dose-dependent manner
(77). Saffron with doses of 40, 80 and 160 mg/kg/day
in rats can significantly increase the protein levels of
BDNF, CREB and p-CREB, and transcript levels of BDNF,
but the increase in transcript levels of CREB and VGF
was not significant (78). The intraperitoneal injection of
kaempferol (a constituent of saffron) with doses of 100
and 200 mg/kg in mice and 50 mg/kg in rats reduced
immobility time in mice and rats (79). Administration
of saffron capsules (30 mg/day) and fluoxetine (20
mg/day) for 6 weeks in randomized and double-blind
clinical trial showed that saffron is as effective as
fluoxetine in the treatment of mild to moderate
depression (80).

Finally, a meta-analysis of published randomized
controlled trials examining the effects of saffron
supplementation on symptoms of depression among
participants with major depressive disorders (MDD)
was done. This study showed that saffron
supplementation can improve symptoms of depression
in adults with MDD (81). Lopresti et al in a systemic
review showed that saffron had large enlivening effects
and, when compared with antidepressant remedies,
had similar antidepressant efficacy, and its ability is due
to its serotonergic, antioxidant, anti-inflammatory,
neuroendocrine, and neuroprotective effects (82).

Synthetic drugs that are used for treatment of
depression have many adverse effects, therefore
natural herbal treatments are attractive in treatment
methods today. Larger studies are needed to validate
the use of saffron for standard treatment of depression.

Cosmetic effects

Razi: ‘Its oral use improves the complexion (41).

In Iranian traditional medicine, saffron can improve
complexion and can be used for the treatment of
erysipelas. In Greek traditional medicine, it can refresh
facial skin and is used to relieve liver from the
dominance of bile and to cure acne, skin diseases and
wounds. Also, it can make the body look more youthful
and brighter (83, 84).

In evaluation of antisolar and moisturizing effects of
saffron, Golmohammadzadeh et al showed that lotions
with 4% ground saffron in comparison with
homosalate (8%) lotion reference, have equivalent sun
protection factor values, but saffron 8% has a
significantly greater one than homosalate 8%. There
were no significant differences in skin moisture due to
saffron lotions and the control lotion without saffron
during the 7 hr post-application period (85). A study
similar to previous work was done by
Golmohammadzadeh et al; in this study formulations
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included homosalate reference, nanoliposomes
comprising 0.25, 0.5, 1, 2, 4, and 8% safranal, and empty
liposomes were evaluated for antisolar and
moisturizing properties, and the results confirmed the
previous work (86). To evaluate the moisturizing effect
of a cream containing C. sativus extracts, a formulation
containing 3% saffron concentrated extracts, and a base
containing no extract was formulated. The resulting
cream was applied to the skin for 8 weeks and skin
parameters were evaluated every week. The increase in
skin moisture contents and changes in transepidermal
water loss were significant with respect to the base
formulation without saffron (87). In addition to
antisolar and moisturizing properties of saffron, the
skin cancer prevention of saffron due to its antioxidant
benefits is also important (88, 89).

In all of the studies mentioned above saffron was
used topically and evaluation of oral treatment for its
cosmetic effects is still needed.

Anti-inflammatory and antinociceptive effects

Razi: ‘Saffron features include: softening and
quenching boils, improving internal organ pain. Rectal
suppository form and ointment of saffron are utilized in
the pain of the uterus and anus. It is also painted on
erysipelas and is useful in hot swellings of the ear. The
smell of its oil reduces inflammation of the liver and
heart’ (41).

Seven-day treatment with the ethanolic and
aqueous extracts (50, 100 and 200 mg/kg) and safranal
(0.025, 0.05 and 0.1 mg/kg) attenuated the behavioral
symptoms of all kinds of neuropathic pain such as
thermal allodynia, thermal hyperalgesia and
mechanical allodynia in a dose-dependent manner in
rats (90). The aqueous and ethanolic extracts of C.
sativus stigma and petals have an antinociceptive effect
in different aspects of pain and anti-inflammatory
activity in acute and/or chronic inflammation in mice
and these effects might be due to the presence of
tannins, flavonoids, alkaloids, anthocyanins, and
saponins (91). Nasri et al concluded that
antinociceptive and anti-inflammatory effect of saffron
is caused by safranal. Probable stimulation of opioid, N-
Methyl-D-aspartic acid, glutamatergic, and nitric-oxide-
dependent pathways leads to pain inhibition in acute
and chronic phases. They used the ethanolic extract
with a dose of 5 mg/kg for acute phase and with a dose
of 10 mg/kg for chronic phase. Naloxone,
dextromethorphan and N(G)-nitro-L-arginine methyl
ester inhibited the extract action in acute phase as well
as chronic phase. Safranal and crocin showed an anti-
nociceptive effect in acute and chronic phases,
respectively. Saffron extract with a dose of 2.5, 5 and 10
mg/kg controlled the inflammation 30%, 66% and
80%, respectively, but safranal and crocin did not show
a similar effect (92). In comparison between saffron
ethanolic extract and dexamethasone as a
glucocorticoid used in soothing rheumatoid arthritis,
Taghizadeh et al showed that injection of saffron
ethanolic extract intraperitoneally every day for 12

days (25-600 mg/kg) can reduce significantly, at the
higher concentrations, paw and tibiotarsal joint
diameters compared with dexamethasone 2 mg/kg
(93). The second phase of pain after injection of
formalin is due to the inflammatory process, which the
ethanolic extract, safranal and crocin remove. This
suggests that saffron can inhibit COX enzymes that are
liable in inflammation. This thesis was confirmed by Xu
et al who showed that crocin inhibits COX1 and COX2 in
vitro. In in vivo tests pretreatment with crocin dose-
dependently inhibited the xylene-induced ear edema in
mice and carrageenan-induced paw edema in rats.
Fewer stomach lesions as compared to the number of
stomach lesions caused by indomethacin in rats,
inhibition of the productions of prostaglandin E2 and
prevention of the nuclear translocation of the nuclear
factor kappa B, p50, and p65 subunits showed that
crocin exhibits obvious anti-inflammatory effects in this
study (94).

To investigate the effect of saffron on skin
inflammation, Tamaddonfard et al used carrageenan to
produce local edema, allodynia, hyperalgesia and
neutrophil infiltration in paw tissues of rats. Crocin at
doses of 25, 50 and 100 mg/kg and safranal at doses of
0.5, 1 and 2 mg/kg suppressed inflammatory pain
responses, attenuated edema and decreased the
number of neutrophils (95).

The aqueous and ethanolic extracts of saffron (200
mg/kg) could reduce the neuropathic pain in the
chronic constriction injury model (CCI) in rats.
Proinflammatory cytokines such as tumor necrosis
factor a, interleukin-1f and interleukin 6 and oxidative
stress markers such as malondialdehyde were
deducted in days 3 and 7 after saffron extracts
treatment. The neuropathic pain might be alleviated
with anti-inflammatory, antiapoptotic and antioxidant
properties of saffron in this study (96).

The antinociceptive and anti-inflammatory effects of
saffron have many other advantages such as activation
of microglia and help in restoring CNS homeostasis
(97), desensitization of lung to inflammatory cytokines
(60) and antiarthritic benefits (98).

Antimicrobial and Anticancer effects

Razi: ‘Saffron is useful for treatment of infectious and
malignant wounds’ (41).

Various studies have shown the anticancer effect of
saffron and its constituents (37, 99). Crocin and
crocetin have significant anticancer activities in breast,
lung, pancreatic, and leukemic cells (18).

Oral administration of saffron extract (200 mg/kg)
inhibited the growth of ascites tumors derived from
sarcoma-180, Ehrlich ascites carcinoma, Dalton's
lymphoma ascites in a dose-dependent manner, and
significantly elevated (2- to 3-fold) life spans of treated
tumor-bearing Swiss albino mice (100). It was reported
that saffron and crocetin induced apoptosis in human
breast cancer cells (MCF-7) via p53-mediated
stimulation of apoptosis (101). The inhibitory effect of
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saffron on liver cancer in rats was investigated by Amin
et al. In this study administration of saffron at doses of
75, 150, and 300 mg/kg/day was started 2 weeks prior
to the diethylnitrosamine DEN injection, and was
continued for 22 weeks. Saffron counteracted DEN-
induced oxidative stress in rats as assessed by
restoration of catalase, superoxide dismutase and
glutathione-S-transferase  levels, diminishing of
myeloperoxidase activity, and malondialdehyde and
protein carbonyl formation in liver (102). The
anticancer effects of saffron are mainly due to crocin.
Escribano et al showed that crocin in comparison with
crocetin, picrocrocin and safranal has more anticancer
potency, and is able to induce apoptosis in human
cancer cells in vitro (103).

The antimutagenic and cytotoxic effects of saffron
were assessed by using the Ames/Salmonella test
system, two well-known mutagens (BP, 2AA), the in
vitro colony-forming assay, and four different cultured
human normal (CCD-18LU) and malignant (Hela, a-204
and Hepg?2) cells by Abdullaeva et al. Saffron displayed
a dose-dependent repressive effect only against human
malignant cells in in vitro colony-forming test system.
All isolated carotenoid ingredients of saffron
demonstrated cytotoxic activity against in vitro tumor
cells (104). Bathaei et al showed that aqueous extract
of saffron (100, 150 and 175 mg/kg/day) by
intraperitoneal injection for 50 days in rats could
reduce adverse effects of 100 pg/ml orally 1-methyl -3-
nitro -1- nitrosoguanidine (as an alkylating agent) such
as different stages from hyperplasia to adenoma in
stomach in a dose-dependent manner. Saffron
increased the antioxidant status in cancerous rats and
decreased lactate dehydrogenase and increased
apoptosis in cancerous cells. Carotenoids that are
abundant in saffron possess anticarcinogenic,
antimutagenic and immunomodulating effects. Saffron
treatment improved the antioxidant capacity of plasma
and preserved tissues such as stomach from injury
(105).

The specified mechanisms of anticancer effects of
saffron are not clear, but it seems that carotenoids
exhibit biological activities as antioxidants, modulation
of sigma-1 receptors, affect cell growth regulation,
inhibition of topoisomerase II and modulate gene
expression and immune response (106, 107).

The antibacterial effect of aqueous and alcoholic
extracts from petal of saffron was evaluated by
Gandomi et al. The minimum inhibitory concentration
(MIC) of ethanolic extracts was 40 mg/ml! against
Listeria monocytogenes, Staphylococcus aureus and
Bacillus  cereus, while the MICs for Salmonella
typhimurium and Eschrichia coli 0157:H7 were
estimated > 40 mg/ml (108).

The anti-salmonella activity of safranal (8-16
mg/ml) and crocin (64-128 mg/ml) was also reported
by Pintado et al (109).

Hypnotic and anxiolytic effects
Razi: ‘it is a sedative agent’ (41).
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Saffron stigma is used for insomnia and anxiety in
traditional medicine (40).

Safranal at doses of 0.15 and 0.35 ml/kg showed
anxiolytic effects and increased the total sleep time
dose dependently in mice (110). It increased
the duration of non-rapid eye movement (NREM)
sleep, shortened NREM sleep latency, and enhanced the
delta power activity of NREM sleep in mice. The
hypnotic effects of safranal may be related to the
activation of the sleep-promoting neurons in the
ventrolateral preoptic nucleus and the simultaneous
inhibition of the wakefulness-promoting neurons in the
tuberomammillary (111).

Effects on the eyes

Razi: Tt stops excessive discharges of the eyes when
applied with woman’s milk.” (41).

Saffron has been used traditionally by different
nations for different eye diseases such as corneal
disease, painful eye, cataracts, and purulent eye
infection. It can strengthen eyesight and is useful in day
blindness, keratitis and in blue discoloration of the eyes
due to some other ailments (112, 113).

Present investigations show that saffron extract
with antioxidant, anti-inflammatory and antiapoptotic
properties can reduce ocular diseases such as cataracts
(114), retinal degeneration (115), light-mediated
photoreceptor cell death (116), and enhances ocular
blood flow and retinal function (117). Saffron in rabbits
with chronic ocular hypertension reduced glutamic acid
concentration and reduced retinal damage caused by
overproduction of glutamate (118). Also saffron with
antioxidant effects reduced overproduction of ROS and
reduced retinal damages in rabbits (119). Saffron
through acting as a regulator of programmed cell death
may protect photoreceptor cells from retinal stress and
maintain both morphology and function of these cells
(120).

Cardiovascular effects

Razi: ‘It is a heart enlivening agent. It strengthens
internal weak organs’ (41).

In Iranian traditional medicine, saffron has been
used as a cardiotonic and hypotensive agent. It can
provide blood flow and nutrition to the heart. It can
prevent coagulation and in large amounts can destroy
blood clots (40).

Saffron exerted a significant cardioprotective effect
by preserving hemodynamics and left ventricular
functions, maintaining structural integrity and
augmenting antioxidant status against isoproterenol-
induced myocardial injury in rats (121). A similar study
showed that muscle creatine kinase and lactate
dehydrogenase in rats treated with saffron were
significantly lower in comparison with the
isoproterenol group. The histological findings of the
heart sections confirmed the cardioprotective effect of
saffron (122).

Imenshahidi et al showed the hypotensive effects of
safranal and crocin. In this study, crocin (50, 100 and
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200 mg/kg), safranal (0.25, 0.5 and 1 mg/kg) and the
aqueous extract of saffron (2.5, 5 and 10 mg/kg)
reduced the arterial blood pressure and heart rate in
normotensive and hypertensive anaesthetized rats in a
dose-dependent manner (123). In another study
crocetin prevented the cardiac hypertrophy induced by
norepinephrine in rats. Crocetin increased the levels of

the antioxidant enzymes such as myocardial
superoxide dismutase, catalase, and glutathione
peroxidase; and also significantly improved the

myocardial pathological histological changes induced
by norepinephrine (124). The chronic administration
(5 weeks) of saffron with doses of 10, 20 and 40
mg/kg/day in normotensive and desoxycorticosterone
acetate (DOCA)-salt induced hypertensive rats could
drop the mean systolic blood pressure in DOCA salt
treated rats in a dose-dependent manner, but in
normotensive group did not show any antihypertensive
effect. The antioxidant, diuretic and vasodilatory effects
of saffron are three main mechanisms of
antihypertensive features of saffron (125). In a clinical,
double-blind, placebo-controlled trial with a limited
number of volunteers, administration of saffron at
doses of 200 mg and 400 mg via saffron tablets, did not
show any coagulative effect after 1 month of study
(126), but in Jessi SW et al’s clinical study saffron
decreased lipid peroxidation in platelet barrier and
reduced platelets sticking in dose-dependent manner
(127). The injection of crocetin in rabbits that were fed
high cholesterol regimen, reduced serum cholesterol by
half and prevented atherosclerosis (128). Crocin
reduced the activity of pancreatic lipase and excreted
lipids in the feces in rats. As a result, it reduced TG, LDL,
VLDL, and total cholesterol (129). Anti-atherosclerotic
effect of saffron has been shown by He et al. Crocin
reduced the oxidation of LDL and prevented the risk of
atherosclerosis in quails (130).

In vitro and in vivo studies confirmed that saffron
can increase tissue oxygenation (131). Saffron
increased the rate of plasma oxygenation and oxygen
supply in capillary endothelial cells in experimental
spinal cord injury in dogs (132), in cats with brain
injury (133) and in rats with hemorrhagic shock (134).

In addition to cardioprotective and anti-
atherosclerotic mechanisms that were mentioned
above, insulin sensitizing effects, inhibition of foam cell
formation, aortic intima thickening, lipid absorption,
and vascular cell adhesion molecule-1 (VCAM-1)
expression are other main mechanisms for this effects
of saffron (12).

Toxicity
Razi: ‘Three mithqal (13.5 gm) of saffron makes a
man so overjoyed that, as a result, high consumption of
saffron does not have a good effect on the brain and may
be fatal. Abuse of it might cause insane behavior’ (41).
Headaches, nausea, head fullness, dizziness,

hypomania, and appetite suppression are major
adverse effects of saffron that are mentioned in
traditional medical books (135).

The accumulation of saffron in sclera, skin, or
mucosa can produce yellowish visage and mimics
icteric complaints (53).

In vivo studies have shown that saffron has little
toxicity in animals. The orally lethal dose (LDso) of
saffron was 20.7 g/kg and higher doses can induce
neurotoxicity and nephrotoxicity, causing death. The
injection of saffron at doses of 0.1-5 g/kg in mice
was not toxic (136). In the Bahmani et al study,
administration of saffron at doses of 0.5, 1 or 2
g/kg/day for three weeks for neonate mice, did not
show any changes in the histopathology and
common markers of liver toxicity such as liver
enzymes and bilirubin, but it increased serum urea
nitrogen. The histopathological changes were seen in
the kidney of neonates. The excitation of mice was
seen 4 min after treatment with saffron, after this
state sedation was seen (137). The evaluation of
acute and sub-acute toxicity of safranal has shown
that oral administration to male rats once daily for
21 days leads to a significant decrease in red blood
cells counts, hematocrit, hemoglobin, and platelets.
The intraperitoneal LDsg values of safranal were 1.48
ml/kg in male mice, 1.88 ml/kg in female mice and
1.50 ml/kg in male rats. The oral LDso values were
21.42 ml/kg in male mice, 11.42 ml/kg in female
mice and 5.53 ml/kg in male rats (138).

Other studies performed on saffron toxicity include
its hematopoietic system toxicity. The aqueous extract
of stigma (0.16, 0.32 and 0.48 g/kg) and petal (1.2, 2.4
and 3.6 g/kg) for a 2-week period were examined in
rats. Results showed that normochromic normocytic
anemia was produced in both groups and lung and liver
damage was seen in the petal extract group (139),
but Modaghegh et al performed a similar study in
healthy volunteers and evaluated hematological and
biochemical parameters. Alteration of these parameters
was observed, but it was in the normal ranges (140). In
human studies use of 1.5 g/d of saffron is safe but doses
above 10 g/d were accompanied by hematuria,
drowsiness, nausea, vomiting, and uterine bleeding;
and may lead to abortion. Saffron at doses above 20 g
was fatal (13, 53). After 1 month administration
of 20 mg/day crocin to 44 healthy volunteers, no major
adverse events were seen in biochemical,
hematological, hormonal and urinary parameters of
precipitants, but a reduction in amylase, mixed white
blood cells and PTT was reported. Crocin with a dose of
20 mg/kg was safe in this study (141).

We summarized traditional uses of saffron and
compared them with modern pharmacological
findings in Table 1. As can be seen, traditional uses
of saffron are confirmed by scientific findings today.
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Table 1. Traditional uses and modern pharmacological effects of saffron

Organ

Traditional uses

Modern pharmacological findings

Immune
System &
Infections

Skin

Vision

Reproductive
System

Urinary Tract
and Kidney

Gastrointestinal
Tract

Respiratory System

Cardiovascular
System

Central
System

General

nervous

Antibacterial (39, 40)

To refresh facial skin
(13, 39,40)

To cure eye
infection and corneal
disease (39)

Aphrodisiac (39, 40)

Diuretic, purifier of
kidney and
bladder (39)

Strengthening
liver and
stomach (39)

Strengthening
respiratory
system (39, 40)

Cardiotonic (13)

To cure
Obstructions
inside the brain (39)

To strengthen
senses (39, 40)

Antifungal (39, 40)

Healing wounds (40)

Useful in day blindness
(40)

To treat
impotence (39, 40)

With honey, facilitates
passage of renal stone
(40)

To decrease

appetite (40)

Anti-asthma (40)

Improving
circulation (40)

Induces better memory
(39)

Anti-poisonous (39)

Anti-inflammation
and
analgesic (39)

To treat purpura,
eczema and
erysipelas (40)

To treat
lacrimation (40)

To treat uterine
pain (40)

To cure infection
of urinary tract
(13)

Carminative (40)

To treat cough and
sore throat (39)

Preventing
coagulation (39)

Hypnotic agent
(40)

Anti-diabetic (39)

Increases IgG levels, decreases IgM levels, decreases
the percentage of basophils and increases the
percentage of monocytes (142)

Shining and depigmentation properties due to its
antioxidant effects (142)

Reduces glutamate concentration and retinal
damage due to reduction of ocular diseases such as
cataracts with antioxidant properties (114, 118)

Improves sperm normal morphology, sperm
motility, erectile function, and increases the libido
(43, 46)

Antilithiatic effect and reduces urine protein and
number of calcium deposits in the kidney tissue
(51,52)

Decreases basal gastric secretion and inhibits COX1
and COX2 enzymes (63, 65)

b-adrenoceptor stimulatory and muscarinic
receptor inhibitory effect (58)

Cardioprotective against oxidative stress and
hypotensive effect (142)

Decreases microglial activation, neuroprotective
and inhibits hippocampal cell death (143)

Decrease in exercise-induced protein oxidation due
to its antioxidant and alveolar oxygen transport
augmentation properties (142)

Antisalmonella activity, potent inhibitory
effect against Staphylococcus strain and
Escherichia coli (108, 109)

Anti-itching and antipruritic effects (142)

Regulates programmed cell death that
protects photoreceptor cells from retinal
stress (120)

Reduces uterine pain and emotional
symptoms associated with PMS (56, 57)

Diuretic effect (50)

Improves digestion with lowering pH effect

(63

Histamine H1 receptors antagonist (58)

Prevents lipoprotein oxidation and
atherosclerosis (142)

Activates sleep-promoting neurons (111)

Fasting blood glucose lowering effect due to
its antioxidant effect (144)
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Conclusion

It can be concluded that the topics that cover saffron
in Razi's book (Al-Hawi) have been well validated in
current research on saffron and its constituents such as
crocin, crocetin, and safranal. It should be noted that
many of the positive effects of saffron have been
established using in vitro or in vivo animal studies, but
whether these positive effects are identical in humans
still remains unclear. Further clinical research to
elucidate the potential benefits or detrimental effects in
humans is warranted.
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