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ABSTRACT

It has been reported that patients with arthritis, osteoarthritis, atherosclerosis, coronary
artery disease, brain ischemia, diabetes, and inflammatory bowel disease (IBD) suffer
from pro-inflaimmatory and oxidant related responses. Therefore, anti-inflammatory and
anti-oxidant therapies are used to improve the quality of life of the patients. Saffron is a
herbal drug that has immunomodulatory and antioxidant properties. Hence, Saffron and its
components have been proposed as therapeutic agents for the treatment of the diseases.
Therefore, this review article was designed to collect recent information regarding the effects
of saffron and its components on the amelioration of the inflaimmatory symptoms in the
autoimmune and non-autoimmune diseases and anti-cancerous effects from 1999 up to now
via searching the Pubmed, Google Scholar, and Scopus databases. Due to fact that several
investigations have reviewed the roles played by Saffron on autoimmune and non-
autoimmune diseases such as multiple sclerosis, mood disorders, and Alzheimer's disease,
this review article focuses on other diseases to keep the novelty of the present review for
readers.
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that are associated with inflammation, such as arthritis,
osteoarthritis, atherosclerosis, coronary artery disease,
brain ischemia, type 1 and 2 diabetes, inflammatory
bowel disease (IBD), cancer and leukemia.

Crocus sativus L., with its dried red-orange stigmas,
is commonly known as saffron, a well-known herb of
the Iridaceae family. Crocus sativus L. stigma is the
most important part of the plant and its pharmaceutical
applications have been evaluated during the last
decades.” Moreover, due to the results obtained from
the clinical investigations, it appears that Saffron and
its active constituents may have immunomodulatory
properties®in various diseases.

Because the roles played by the Saffron and its
components have been reviewed in the autoimmunity
diseases previously, this review article was designed to
evaluate recent information regarding the roles played
by Saffron and its active constituents, as a herbal drug,
in the pathobiology of the disorders.

Crocus Sativus L

As mentioned in the previous section, Crocus
sativus L is categorized as a species of the Crocus
genus in the iris family Iridaceae. The saffron spice is
produced from the filaments inside the Crocus sativus
L flower.® Saffron is used for nutrition and fragrance
for more than 3,500 years in various cultures.® The
important constituents of Saffron are related to five
families, including Monoterpene aldehydes,
Carotenoids, = Monoterpenoids,  Isophorones  and
flavonoidsColor, odor, and flavor of Saffron are due to
crocins, safranal, and picrocrocin, respectively.’

Saffron consists of some known molecules, such as
water (14-16%), volatile oil (0.6-0.9%), nitrogenous
matters (11-13%), fibers (4-5%), sugars (12—-15%) and
total ashes (4-6%)." Saffron also contains two
important vitamins, riboflavin 56 to 138 ug/g and
thiamine 0.7 to 4pg/g, sterols (campesterol,
stigmasterol, and pB-sitosteral), palmitoleic, ursolic,
palmitic, oleanolic and oleic acids.*® It has been
reported that 70% of the volatile fraction is ‘Safranal’,
the main fragment responsible for the saffron aroma.’

As mentioned, crocin is the saffron fragment and is
the molecule responsible for color. Additionally, the
fragment has a metabolite entitled “crocetin”, which
mainly refers to its antioxidant properties. Due to the
various fragments, recent studies demonstrated the
significant Saffron medicinal properties such as
antioxidants,”® anti-depressants and anxiolytics,***
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antitumor,*? aphrodisiac,”®  antitussive and
neuroprotective.'®

Due to the medicinal properties of Saffron,
investigations have been focused on the application of
this herbal drug for the improvement of the diseases
that are associated with inflammation.

Design of the Study

This article was designated to review the role of
Saffron and its active components in nine various
diseases including arthritis; osteoarthritis;
atherosclerosis; coronary artery disease; brain
ischemia; diabetes; IBD; cancer and leukemia via
searching in the three main databases as Medline
(Pubmed), Google Scholar and Scopus. To write the
present review, more than 600 articles were collected at
the first step and then the combination of other
therapies with Saffron was excluded and resulted in
111 relevant articles either in vitro or in vivo studies
which finally employed to write the present review.

Saffron and Its Effects on the Arthritis

Arthritis and osteoarthritis are associated with the
inflammation and high rates of free radicals, which
damage the tissues.®™® An investigation which has
explored the anti-inflammatory effects of Saffron in
both in vitro and in vivo conditions employingcomplete
Freund's adjuvant-induced arthritis mouse model
reported that the administration of Saffron was
associated with decrease in interleukin (IL)-6, IL-1B,
Vascular endothelial growth factor (VEGF), and tumor
necrosis factor (TNF)-R1 expression independent of
HO-1/nuclear factor erythroid 2 (Nrf2) and also down-
regulation of nuclear factor-kappa B (NF-«B).” The
study also demonstrated that Saffron administration led
to down-regulation of cyclooxygenase-2 (COX-2),
which catalyzes prostaglandin E2 (PGE2), and
inducible nitric oxide synthase (iNOs) that catalyzes
nitric oxide (NO) production in a dose-dependent
manner.”® The results were proved by Li et al who
reported that Saffron is a key immunoregulatory factor
to decrease expression of TNF-a, IL-1B, and IL-6 in a
mouse model of collagen-induced arthritis (CIA), via
up-regulation of inhibitory NF-«B factor (Ixk) and
consequently decreased function of NF-kB signaling.”’
The anti-osteoarthritis and anti-inflammatory effects of
Saffron through alleviating oxidative stress and
decreased expression of pro-inflammatory cytokines in
c-Jun N-terminal kinases (JNK), but not extracellular
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signal-regulated protein kinases (ERK), to repress NF-
kB  activation-dependent pathways have been
documented by Chinese investigators.” Investigation
of the Indian population had the same results, so
Saffron is a key therapeutic factor to ameliorate
arthritis symptoms via alleviating oxidative stress,
inflammation and cartilage deteriorating enzymes,
including matrix metalloproteinase 13 (MMP-13),
MMP-3, MMP-9 and hyaluronidases (HAases).??
Down-regulation of MMP-1, MMP-3 and MMP-13 and
suppressing degradation of inhibitory-kappa-B-a,
which led to decreased expression of pro-inflammatory
cytokines, have been reported in a rabbit
osteoarthritismodel.® Our previous investigation on the
patients, who suffered from osteoarthritis also
confirmed the immunoregulatory effects of Saffron.*
Due to the roles played by Saffron in arthritis, it
seems that this herbal drug can suppress production of
pro-inflammatory cytokines and their receptors and the
inflammatory molecules, such as PGE2, NO, and
cartilage deteriorating enzymes via inhibition of NF-
kB, COX-2, and, iNOs via activation of HO-1/Nrf2 and

o NF-«B
e COX-2
«INOs

Down-regulation of:

JNK pathways and also Ikk molecule, which bind to
NF-xB and inactivate this transcription factor (Figure
1).

Saffron and Its Effects on the Cardiovascular
Diseases

Saffron modulates immune responses and oxidant
pathways in patients suffering from cardiovascular
diseases. Saffron can ameliorate inflammatory
responses in the rat coronary atherosclerosis via either
down-regulation of NF-«xB or inhibition of
itstranslocation into the nucleus.”® NF-xB plays key
roles in the pathogenesis of atherosclerosis.?® The dose-
dependent anti-atherosclerotic and plaque-stabilizing
effects of the Saffron components, by down-regulation
of pro-inflammatory cytokines and tissue lysis
enzymes, have also been demonstrated by
Christodoulou and colleagues.?’Mahdavifard et al., also
reported that oxidant production, athermanous plaque
formation, and inflammation were significantly
decreased in the diabetic-atherosclerotic rats treated

Saffron and its
components

*HO-1/Nrf2 pathway

|—.IKK

!

* INK pathway

* Pro-inflammatory cytokines and their receptors

*PGE2
*NO

 Cartilage deteriorating enzymes (Hyaluronidases,

s

MMP-3. MMP-9 and MMP-13)

Immune cells

Figure 1. Saffron and arthritis. Saffron and its components suppress the production of pro-inflammatory cytokines, their
receptors and molecules, such as PGE2, NO, and cartilage deteriorating enzymes via inhibition of NF-kB, COX-2, and iNOs
indirectly. Accordingly, Saffron inhibits the enzymes via activation of HO-1/Nrf2 and JNK pathways and also Ikk molecule,

which binds to NF-kB and in activate this transcription factor.
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Figure 2. Saffron and cardiovascular diseases. Saffron and its components up-regulate HO-1/Nrf2, AMPK/mTOR and
Protein kinase B(Akt)/mTOR and AKT/P70S6K and ERK1/2 pathways, which lead to autophagy regulation, restore the
expression of the contractile protein and decreased mitochondrial permeability transition pore and caspase-3 activity.
Additionally, Saffron directly inhibits NF-kB, MDA, INOs, p38 pathway and creatine kinase-MB that lead to decreased
production of pro-inflammatory cytokines, tissue lysis enzymes and free radicals and consequently decreased in
atherosclerosis plaque, smooth muscle cells proliferation and infarct size.

with Saffron.?® Hydroalcoholic and aqueous extract of
saffron increase the concentration and activities ofthe
anti-oxidant agents and consequently decreaseanti-
atherosclerotic conditions in the diabetic animal
models.? Saffron can prevent atherosclerosis through
suppression of p38Mitogen-activated protein kinase
(MAPK) pathway and inhibition of smooth muscle cell
proliferation.® Appetite, dietary intakes, and body
composition were improved in the patients with
coronary artery disease by using 8 weeks randomized,
double-blind, and placebo-controlled trial treatment
with Saffron.®" One study on an ischemia/reperfusion
rat model revealed that Saffron reduces infarct size and
activity of malondialdehyde (MDA), creatine kinase-
MB (CK-MB) and TNF-a.% Saffron also increases the
levels of total superoxide dismutase (T-SOD) and IL-
10 in the animal model.* Other investigations proved a
potential anti-arrhythmic, anti-myocardial infarction
and a prorelaxing properties for Saffron.***® Moreover,
Saffron provides nutritional preconditioning against
myocardial ischemia-reperfusion by increasing the
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production of Nrf2, ¥ AMP-activated protein kinase
(AMPK)/mammalian target-of-rapamycin (mTOR) and
protein kinase Band Akt/mTOR pathways to regulate
autophagy,® AKT/P70S6K, and ERK1/2 pathways to
restore the contractile protein expression, and
decreased mitochondrial permeability transition pore
and caspase-3 activity.*"*Additionally, the guanine
nucleotide exchange factor (Rho)/Rho  kinase
(ROCK)/NF-xB* and p38 MAPK* pathways are
inhibited by Saffron.

Figure 2 shows the effects of Saffron on patients
suffering from cardiovascular diseases. As it is
illustrated in the figure, Saffron and its components can
up-regulate HO-1/Nrf2, AMPK/mTOR and Akt/mTOR
and AKT/P70S6K and ERK1/2 pathways, which leads
to autophagy regulation, restores the contractile protein
expression and decreases mitochondrial permeability
transition pore and caspase-3activity.Saffron directly
suppresses NF-kB, MDA, iNOs, p38 pathway and CK-
MB, which is associated with decreased production of
pro-inflammatory cytokines, tissue lysis enzymes and
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free radicals and the consequent decrease in
atherosclerosis plaque, smooth cell proliferation, and
infarct size.

Saffron and Its Effects on the Brain Ischemia

All of the investigations on the brain ischemia
demonstrated that Saffron has neuroprotective roles.
Saffron significantly reduces infarcted areas, which are
induced by occlusion of the middle cerebral artery
(MCA) in mice, by increased expression of gamma-
glutamylcysteinyl synthase (gamma-GCS), the main
enzyme for glutathione synthesis.** Saffron therapy led
to decreased inflammation and increased effects of
hypothermia therapy in mice hypoxic ischemia-induced
brain injury.*® Several animal model investigations
showed that Saffron and its components have
neuroprotective roles via inhibition of the production of
free radicals and enhanced antioxidant activities in the
ERK1/2 pathway-dependent manner. *%*° The
protective roles played by Saffron against
neuropathological alterations in the hippocampus and
consequent improvement of spatial learning memory
via down-regulation of oxidant factors have also been
documented by previous investigations.>!*?

The same results have been reported regarding the
neuroprotective roles played by Saffron in humans.
Accordingly, a clinical trial study revealed that Saffron
therapy is associated with short and long-term
neuroprotective effects on ischemic stroke in humans.*®

As it is illustrated in Figure 3, Saffron and its
components play neuroprotective roles through the
down-regulation of pro-inflammatory cytokines and
free  radicals and activation of gamma-
glutamylcysteinyl synthase and ERK1/2 pathway.

Saffron and Its Effects on the Diabetes

It has been reported that type 1 diabetes is an
autoimmune disease with the participation of Thl
immune responses in delayed-type hypersensitivity
(DTH) manner.>* The pro-inflammatory mechanisms in
the induction of type 2 diabetes also have been
proved.>*® Thus, therapeutic agents that target pro-
inflammatory pathways and cytokines, as well as
oxidant factors, can be considered as suitable
candidates to use against diabetes. Several studies have
been performed on both animal and human models. For
example, Samaha et al reported that crocin, as the main
active ingredient of Saffron, administered to the mouse
model of type-1 diabetes, STZ-induced diabetes
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mellitus,  significantly increased expression of
pancreatic insulin and anti-oxidant defenses and
reduced blood glucose (BG) levels and oxidative
burden as well as inflammatory cytokines.>” Another
study on the STZ-induced diabetes mouse model
showed that Saffron extract administration in high
doses is associated with reduced BG, via increased
expression of glucokinase and increased insulin
production.”® The investigation also reported that
oxidative stress markers were down-regulated in the
animal model by treatment with the Saffron extract.*®
Another study on the STZ-induced diabetes mouse
model had similar results and revealed that the
hydroalcoholic extract of Saffron can reduce BG, pro-
inflammatory cytokines, such as IL-17A, nitric oxide,
and reactive oxygen substances, while increasing
insulin  secretion, anti-inflammatory IL-10 and
transforming growth factor-p (TGF-) in the pancreatic
cell population.® Jiang et al also confirmed the positive
roles played by Saffron in the STZ-induced diabetes
mouse model, which was associated with reduced BG
and LDL as well as repaired pancreas.” Saffron also
improved  diameter of  seminiferous  tubules,
spermatogenesis index, sperm morphology, count,
motility, and viability in the rat diabetic model.®*
Saffron administration in the rat diabetic model can
improve learning and memory impairments and cardiac
dysfunction via the up-regulation of anti-inflammatory,
antioxidant and antiapoptotic molecules as well as
normalizing autophagy.®? The positive roles played by
Saffron to improve electrocardiography (ECG),
biochemical and histopathological changes, regulate
oxidative burden, inflammatory cascade and improve
the diabetes complications, such as atherogenesis,
encephalopathy, cataract, retinal ischemic damage,
liver steatosis and nephropathy progression in the rat
diabetic animal models have been demonstrated
previously.”® %% Interestingly, Saffron plays the
rolesvia down-regulation of inflammation and
decreased oxidants.®® For example, studies on a rat
model of nephropathy and retinal ischemic damage
revealed that Saffron improves the tissue functions by
down-regulation of inflammation, via decreased
expression of IL-6, toll-like receptor-4 (TLR4) and
adhesion molecules®® and elevation in PI3K/AKT
pathway.” Moreover, an in vitro study on the
microglial cells derived from mouse, N9, and rats, BV-
2, revealed that Saffron suppresses oxidative stress and
pro-inflammatory responses in PI3K/Akt signaling
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Figure 3. Saffron and Brain ischemia. Saffron and its components have neuroprotective roles via inhibition of production of
pro-inflammatory cytokines and free radicals and increased gamma-glutamylcysteinyl synthase and ERK1/2 pathway. The
effects lead to increase the routine therapies, such as hypothermia and reduce infarcted areas. The effects result in

neuroprotection in treated patients.

dependent manner.”* Another study showed that
Saffron in either in vivo or in vitro conditions improves
glucose uptake in glucose transporter type 4
(GLUT4)/AMPK pathway.”® Saffron, as a protein
tyrosine phosphatase 1B inhibitor, can also activate
insulin signaling and consequently increase glucose
uptake in a diabetic mouse model.” An in vitro study
demonstrated that Saffron improved the insulin
sensitivity via AMPK/acetyl-CoA carboxylase (ACC)
and MAPKSs, as both insulin-independent, and Pl 3-
kinase/Akt and mTOR, as insulin-dependent,
pathways.” Interestingly, human treatment with high
doses of Saffron also had similar results. Moravej
Aleali and colleagues reported that treatment of the
patients with 15 mg of Saffron can lead to a decrease in
fasting plasma glucose (FPG), Cholesterol, low-density
lipoprotein (LDL), and LDL/HDL ratio in type 2
diabetic patients.”” The benefits of Saffron for
improving the life quality of type 2 diabetic patients
have also been demonstrated by Suh et al., who
reported that Saffron can reduce diabetic bone
disorders via regulation of glyoxalase, oxidative stress,
and mitochondrial function.”® Saffron is also capable to
improve anxiety and sleep disturbance in the patients
with type 2 diabetes.”” Sepahi and colleagues showed
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that Saffron treatment of the diabetic patients can be
associated with reduction of HbAlc and central
macular thickness (CMT) and improve best-corrected
visual acuity (BCVA).”® Saffron administration
benefits, in long term therapy, for regulation of fasting
blood glucose (FBG) in the type 2 diabetes have also
been documented by Milajerdi and colleagues.” The
modulatory effects of Saffron on the soluble
intercellular adhesion molecule (SICAM-I), a pro-
inflammatory molecule, in type 2 diabetic patients has
also been reported by Azimi and colleagues.®
Mohammadzadeh-Moghadam and colleagues have
evaluated the effects of the Saffron gel on the erectile
dysfunction in type 2 diabetic patients. Accordingly,
they reported that the Saffron gel significantly
improved erectile dysfunction in the patients.®® Another
study showed that 1 g of Saffron reduced FBG and pro-
inflammatory cytokines in patients who suffered from
type 2 diabetes.®! It has been reported that antibody
titers to heat-shock proteins (HSPs) 27, 60, 65 and 70
are elevated among patients with metabolic syndromes,
such as diabetes.’” Shemshian et al revealed that
Saffron decreased anti-HSP 27, 70 levels in the
patients.®* However, some investigations using lower
doses of Saffron were not associated with significant
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effects. For instance, a study by Shahbazian et al
revealed that consumption of 15 mg of Saffron had no
effects on serum levels of homocysteine, antioxidant
and pro/anti-inflammatory molecules, such as IL-6,
TNF-0, C-reactive protein (CRP) and IL-10 in the
patients with type 2 diabetes.®* Another clinical trial
showed similar results and demonstrated that Saffron
(100 mg daily) had no effects on the BG, oxidative
burden and inflammatory cytokines, but reduced
systolic blood pressure (SBP).*Figure 4 illustrates the
roles played by Saffron in diabetic patients.

Saffron and Its Effects on IBD

It has been documented that IBD is a disorder with
various inflammatory responses in the mucosa.®® So, it
has been hypothesized that Saffron can be considered
as a therapeutic agent to reduce the inflammation in the
IBD. Accordingly, a study by Rezaei et al*’ on
ulcerative colitis (UC), which is a chronic 1BD,*®
revealed that Saffron significantly reduced the disease
activity index, such as rectal bleeding, bodyweight loss,
diarrhea, and colon shortening. Interestingly, Saffron
attenuate the inflammatory responses in the UC rat
model by targeting the Nrf2/HO-1 signaling,®® which
was documented regarding the regulatory mechanisms
played by Saffron in the arthritis”® and myocardial
ischemia-reperfusion injury.*’ A study by Kawabata
and colleagues demonstrated that 4 weeks crocin
feeding leads to suppress dextran sulfate sodium
(DSS)-induced colitis and reduced expression of I1L-1B,
IL-6, IFN-y, TNF-a, NF-xB, COX-2, and iNOs via
targeting Nrf2/HO-1 signaling.*® Therefore, due to the
results, it seems that Saffron attenuates inflammatory
responses in similar mechanisms in the IBD suffering
patients.® Figure 5 shows the roles of Saffron in IBD.

Saffron and Its Effects on Various Cancerous
Diseases

Due to the anti-inflammatory and anti-oxidant
effects of Saffron, several studies were performed to
evaluate the anti-cancerous properties of Saffron. The
experiments revealed that Saffron has cytotoxicity,
suppressive cancer cell growth properties and
inhibitory roles for resistance to anti-cancer drugs in
the concentration and time-dependent fashions *.. It
appears that Saffron induces cytotoxicity via a
reduction in the protein expression of lactate
dehydrogenase A (LDHA) and consequent increasing
cellular reactive oxygen species (ROS).* Accordingly,
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in vitro investigations on cancer cell lines revealed that
Saffron extract inhibits cell proliferation and
significantly decreases colony-forming and migration
capabilities in several cancer cell lines, such as
osteosarcoma,” AGS and HGC-27 gastric,* KYSE-
150  epithelial,® Y79  and  WERI-RB-1
retinoblastoma,”® QGY-7703 liver,” A2780-RCIS
ovarian cisplatin-resistant,”® C6 glioma,”® 4T1
Breast,"® C2C12 myoblast and HCT116 colon,'®
Hep3B and HepG2 hepatocellular carcinoma'®® cancer
cell lines. Interestingly, like other inflammatory-related
diseases, Saffron plays its anti-cancerous properties via
alteration in  miR-320/Kruppel-like  factor 5
(KLF5)/HIF-10, PI3K, AKT, ERK1/2, p38, c-Jun NH-
terminal kinase (JNK), Wnt/B-Catenin signaling,
p53/p21, Signal transducer and activator of
transcription 3 (STAT3) (via induction of Src
homology region 2 domain-containing phosphatase-1
(SHP-1))  pathways™ %1% Collectively, the
alteration in the signaling pathways leads to the up-
regulation of apoptotic molecules, such as BAX and
Caspase-8, and down-regulation of anti-apoptotic
molecules, like B-cell lymphoma 2 (BCL2) and
mitochondrial membrane potential (MMP).*® It also
shows its anti-cancerous properties through activation
of the mitotic checkpoint by binding to tubulin*® and
shift autophagic cell survival to death in the breast
cancer cells, via alteringautophagy-related 1 (ATG1)
and Beclin-1 expression.'”’

Moreover, saffron plays key roles against leukemia
disorders. For instance, the anti-cancerous properties of
Saffron against K-562 cells of chronic myelogenous
leukemia have been demonstrated by Geromichalos and
colleagues.’® The cytotoxic effects of Saffron on the
MOLT-4 and HL-60 human leukemia cells were also
confirmed previously.’®**? Moradzadeh et al reported
that Saffron significantly decreases expressions of
multidrug resistance (MDR) proteins and tyrosyl-DNA
phosphodiesterase 1 (TDP1), while it increases the
expressions of Caspase 3, Caspase 9, and BAX/BCL2
ratio in acute promyelocytic leukemia (APL) cells.*®
Figure 6 shows the main mechanisms used by Saffron
to inhibit tumor development. Due to the scientific
literature regarding the roles played by Saffron against
various tumors, it appears that Saffron uses several
mechanisms and alters various pathways to increase
and decrease pro-apoptotic and anti-apoptotic
molecules to overcome proliferation, metastasis, and
resistance to anti-cancer drugs.
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Figure 4: Saffron and diabetes. Saffron affects several cells, including immune and pancreatic cells. Saffron inhibits oxidative
stress, apoptosis, pro-inflammatory cytokine, and molecules production and antibody against HSPs independent of PI3K/Akt
signaling pathway. Saffron also increases glucose uptake via increased production of insulin, Pl 3-kinase/Akt and mTOR
pathway, and other mechanisms, such as inhibition of tyrosine phosphatase 1B and activation of AMPK/ACC and MAPKSs
pathways
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Figure 5. Saffron and inflammatory bowel disease. Saffron affects immune cells and inhibits oxidative stress, pro-
inflammatory cytokine and molecules production independent onHO-1/Nrf2 signaling pathway. The effects result in
decreased inflammatory bowel disease (IBD) activity index, including rectal bleeding, bodyweight loss, diarrhea, and colon
shortening.
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Figure 6. Saffron and various cancerous diseases. Investigations revealed that Saffron manipulates miR-320/Kruppel-like
factor 5 (KLF5)/HIF-1a, PI3K, AKT, ERK1/2, p38, c-Jun NH-terminal kinase (JNK), Wnt/g-Catenin signaling, p53/p21,
STAT3 pathways, which leads to down and up-regulation of anti-apoptotic and pro-apoptotic molecules, respectively.
Additionally, Saffron binds to tubulin and then activates the mitotic checkpoint. Both mechanisms lead to increased apoptosis

in the cancer cells

CONCLUSION

Saffron and its components can modulate several
pathways, which lead to the down-regulation of pro-
inflammatory cytokines, free radicals and the main
molecules that participate in the pathogenesis of
inflammatory based diseases. Many in vitro and in vivo
studies regarding arthritis and osteoarthritis revealed
that the production of inflammatory factors such as
TNF-a, IL-1B, VEGF, their receptors, and molecules,
such as PGE2, NO, and cartilage deteriorating enzymes
can be suppressed by Saffron and its components via
inhibition of NF-xkB, COX-2, and iNOs. Activation of
HO-1/Nrf2 and JNK pathways and also Ikxk molecule,
which binds to NF-xB and inactivate this transcription
factor was mediated by inhibitory effects of Saffron on
the enzymes. Studies regardingthe cardiovascular
diseases showed an ameliorated via decreasing in the
production of inflammatory cytokines, tissue lysis
enzymes and free radicals by treatment with Saffron.
Decreasing in atherosclerosis plaque, smooth muscle
cells proliferation and infarct size are other beneficial
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effects of  Saffron. Moreover, HO-1/Nrf2,
AMPK/mTOR and Akt/mTOR and AKT/P70S6K and
ERK1/2 pathways were up-regulated by Saffron and its
components and led to autophagy regulation, restore
the expression of the contractile protein and decreased
mitochondrial permeability transition pore and caspase-
3 activity in the cardiovascular diseases. On the
contrary, NF-xB, MDA, INOs, p38 pathway, and CK-
MB were directly inhibited by Saffron and the
production of pro-inflammatory cytokines, tissue lysis
enzymes and free radicals were consequently
decreased. Decreasing in atherosclerosis plaques,
smooth muscle cell proliferation and infarct size
reported being the beneficial effects of Saffron in
cardiovascular disease via the above-mentioned
mechanisms. Moreover, findings regarding the effects
of Saffron and its components on brain ischemia
showed a neuroprotective effect through the down-
regulation of pro-inflammatory cytokines and free
radicals.  Additionally, = gamma-glutamylcysteinyl
synthase and ERK1/2 pathway can be up-regulated by
Saffron which consequently leads to the reduction in
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the infarcted areas and enhancement of antioxidant
activities. Improvement in the spatial learning memory
via down-regulation of oxidant factors was found to be
important  protective roles of Saffron against
neuropathological alterations in the hippocampus
following the brain ischemia. Studies regarding type 1
and 2 diabetes revealed important roles for Saffron and
its components. FPG, cholesterol, LDL, and LDL/HDL
ratio in type 2 diabetic patients were decreased by
Saffron. Diabetic bone disorders were reduced by
Saffron in patients with type 2 diabetes via regulation
of glyoxalase, oxidative stress, and mitochondrial
function. Anxiety, sleeping disturbance, and erectile
dysfunction were improved by treatment with Saffron
in type 2 diabetic patients. HbAlc, CMT, and SBP
were reduced by Saffron in such patients, too. On the
other hand, there are controversial reports with no
effects of Saffron on the pro and anti-inflammatory
cytokines such as IL-6, TNF-a, and IL-10 in type 2
diabetes. Blood glucose levels in the Type 1 diabetes
(T1D) models were modulated by Saffron through
three main mechanisms, including reduction of the
oxidative burden, apoptotic pathway, and pancreatic
inflammation. PI3K/Akt signaling pathway is induced
by Saffron to decrease the production of inflammatory
cytokines, free radicals and inflammatory molecules
such as TLR-4 and ICAMin type one diabetes. Studies
showed that glucose uptake was increased by Saffron
via increased production of insulin, Pl 3-kinase/Akt and
mTOR pathway, and induction of other mechanisms,
such as inhibition of tyrosine phosphatase 1B and
activation of AMPK/ACC and MAPKSs pathways.
Studies regarding IBD and the role of Saffron on this
disease are limited and not investigated extensively.
Disease activity indexes such as rectal bleeding,
bodyweight loss, diarrhea, and colon shortening in IBD
were significantly suppressed by Saffron. Additionally,
inflammatory responses and expression of IL-1p, IL-6,
IFN-y, TNF-a NF-kB, COX-2, and iNOs in the UC rat
model were attenuated by Saffron through targeting the
Nrf2-OH signaling. Asimilar mechanism might be
suggested for Saffron to ameliorate IBD symptoms in
humans. Investigations regarding various cancerous
diseases revealed that miR-320/Krippel-like factor 5
(KLF5)/HIF-1a, PI3K, AKT, ERK1/2, p38, c-Jun NH-
terminal kinase (JNK), Wnt/B-Catenin signaling,
p53/p21, STAT3 pathways were modulated with
Saffron and lead to down and up-regulation of anti-
apoptotic and pro-apoptotic molecules, respectively.
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Additionally, the mitotic checkpoints were activated
via the binding of Saffron to tubulin. Moreover,
apoptotic molecules, such as BAX and Caspase-8 were
up-regulated following the alteration in the signaling
pathways by Saffron. On the contrary, studies
regarding cancerous diseases revealed that anti-
apoptotic molecules, like BCL2 and mitochondrial
membrane potential (MMP) were down-regulatedby
Saffron. Moreover, studies showed that cytotoxicity
was induced by Saffron via a reduction in the protein
expression of lactate dehydrogenase A (LDHA) and the
consequent increase of cellular reactive oxygen species
(ROS).Additionally, the anti-cancerous properties of
Saffron were shown against K-562 cells of chronic
myelogenous leukemia. The cytotoxic effects of
Saffron on the MOLT-4 and HL-60 human leukemia
cells were reported by other investigators. Studies
showed that expressions of MDR proteins and TDP1
were significantly decreased by Saffron. On the
contrary, Saffron showed the effects on the up-
regulation of Caspase 3, Caspase 9, and BAX/BCL2
ratio in APL cells. Similar mechanisms, which were
mentioned for the effects of Saffron on the various
cancerous diseases might be suggested for leukemia
too. Conclusively, it appears that Saffron is a powerful
anti-oxidant and anti-inflammatory factor, which can
be considered for the treatment of the patient suffering
from the diseases that are associated with
inflammation. Additionally, it seems that Saffron can
be used either as the predictor against cancers, by
reducing the free radicals and chronic inflammation, or
therapeutic factor, by reducing the anti-apoptotic
molecules. However, since most investigations were
performed in the in vitro conditions, further
investigations using in vivo models and clinical trials
need to be designed to get a better conclusion.
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