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CHAPTER 14

c0014 Saffron Shifts the Degenerative and
Inflammatory Phenotype in
Photoreceptor Degeneration
SILVIA BISTI* • STEFANO DI MARCO* • MARIA ANNA MAGGI • MATTIA DI PAOLO •

MARCO PICCARDI • BENEDETTO FALSINI

s0010 SAFFRON CHEMISTRY
p0055 Crocus sativus L. belongs to the Iridaceae family, and

commonly it is known as saffron. The flowers of Crocus
sativus L. are composed of six violet petals, three yellow
stamens, and a white filiform stem that culminates in
three red stigmas, representing only 7.4% of the total
weight of the fresh flower. From about 170,000 saffron
flowers, together weighing more than 68 kg, 1 kg of
spice can be obtained (Serrano-Díaz et al., 2014).

p0060 The different cultures together with the geoclimatic
characteristics of the territory determine a different
chemical composition that characterizes the final prod-
uct. Saffron is one of the most expensive spices in the
world, but high cost leads to a high rate of counterfeit-
ing. The scientific community’s interest in this product,
however, is not only the intent of guaranteeing its
authenticity to the consumer. Advanced pharmacolog-
ical studies have in fact highlighted its numerous bene-
ficial effects including the neuroprotective and
antioxidant activity (see Stone et al., 2018 for ref.).

p0065 This is why a complete knowledge of this product is
fundamental, from which more than 150 chemical
compounds have been extracted, but only about a third
of them have been identified (Bathaie et al., 2014).
Saffron has primary metabolites, ubiquitous species in
nature, such as carbohydrates, minerals, fats, vitamins,
amino acids, and proteins as well as a large number
of compounds belonging to different classes of second-
ary metabolites. These are nonubiquitous metabolism
products but are still important for the development
or reproduction of the organism, such as carotenoids,
monoterpenes, and flavonoids, including mainly
anthocyanins.

p0070Among the secondary metabolites of saffron, the de-
rivatives of crocetin (crocins) and the safranal are the
most studied.

p0075Carotenoids are the most important constituents of
the spice, from which it derives its color. They include
fat-soluble ones, such as a- and b-carotene, lycopene,
zeaxanthin, and the apocarotenoid crocetin
(C20H24O4), and water-soluble ones, such as the poly-
ene esters of the mono- and diglycoside crocetin, the
crocins.

p0080Crocetin is derived from the carotenoid zeaxanthin
of the xanthophyll class and constitutes approximately
0.3% of the total weight of the plant’s stigmas. It is a
polyether dicarboxylic acid present mostly in its “all-
trans” form, the 13-cis form and its derivatives are minor
components (Fig. 14.1).

p0085Crocins are a family of carotenoids very soluble in
water as mono- and diglycosylated esters of the dicar-
boxylic acid crocetin (Lozano et al., 1999). They make
up 3.5% of the weight of the stigmas in the plant. The
glycosidic carotenoids of saffron, like all glycosides,
are usually thermally labile and photochemically sensi-
tive, especially if in solution. As well as their precursor,
the crocins exist in the two isomeric form: 13-cis and
“all-trans" (Fig. 14.2).

p0090Furthermore, esterification of crocetins occurs in
either of its end groups or only on one and with
different saccharide residues on their anomeric carbon.
The most common carbohydrates found in these mole-
cules are D-glucose, b-D-gentiobiose (disaccharide made
up of two D-glucose units with a 1b-60-glycosidic bond),
tri-b-D-glucose and the b-D-neapolitanose. All-trans gly-
cosylated carotenoids show two absorption bands in
the visible region. The first, at 256 nm, is due to the ester
bond with the saccharide component, and the second is
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located between 400 and 500 nm, with a maximum at
441 nm. The cis isomers have three bands in the same
region because there is also an absorption at about
325 nm. This is due to the presence of a double bond
with a cis configuration in a conjugated polyene
(Fig. 14.3).

p0095 There is a great variety of crocins because there are
different combinations of carbohydrates that can go
to esterify one or both carboxyl groups and both
isomeric forms. Although these crocins differ in the sub-
stituents and in the configuration, they have very
similar chemicalephysical properties, in particular the
polarity. These similarities make their separation and
subsequent identification extremely difficult.

p0100 Among the oxidation products of carotenoids, we
find two compounds: picocrocin and safranal that give
the spice bitterness strength and aroma strength, respec-
tively. They are, respectively, the monoterpene glycoside
(picrocrocin) and the cyclic monoterpene aldehyde
(safranal). According to the most accredited hypothesis,
the precursor is considered to be zeaxanthin, which is
broken at both ends by the enzyme CsZCD (Crocus sati-
vus zeaxanthin cleavage dioxygenase) to generate the cro-
cetin dialdehyde (Bouvier et al., 2003), which can be
oxidized and esterified by different glucosyltransferases
to give the crocins (Moraga et al., 2004), and the picroc-
rocin. The picrocrocin (C16H26O7), which constitutes

3.7% of the weight of the stigma, has been identified
only in the genus Crocus of which the only edible spice
is the Crocus sativus L.; therefore, it constitutes the
molecular marker of the saffron. During the drying pro-
cess, the b-glucosidase enzyme acts on the picrocrocin to
release the 4-hydroxy-2,6,6-trimethyl-1-cyclohexene-1-
carboxyaldehyde (HTCC, C10H16O2) (Himeno and
Sano, 1987), which by dehydration is transformed into
safranal (C10H14O), with a characteristic absorption
band at 310 nm. This is present with a percentage of
0.02% in the stigma and is the major component of
the volatile fraction of saffron (Fig. 14.4).

p0105The chemical composition of saffron is the digital
fingerprint of this spice and is fundamental for its
geographical traceability. Saffron traceability is impor-
tant because this spice is among foods more subject to
adulteration (Moore et al., 2012).

p0110A chemo metric treatment of experimental data was
used for geographical classification studies of saffron.
These data were collected using different analytical
methods, such as high performance liquid chromatog-
raphy (D’Archivio et al., 2016), gas chromatography
(D’Archivio et al., 2018), elemental analysis of bio-
elements (Maggi et al., 2011), or trace inorganic ele-
ments (D’Archivio et al., 2014).

p0115Among the saffron metabolites identified with the
different analysis methods that play an important role
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f0010 FIG. 14.1 Structure of the all-trans crocetin.
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f0015 FIG. 14.2 Structure of trans and cis crocins.
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in the geographical classification, there are crocins, fla-
vonoids, free amino acids, and the components of the
volatile fraction (ketones and terpenic aldehydes,
safranal).

p0120 Another technique also used for traceability studies
is the analysis by UVevisible spectrophotometry
(D’Archivio and Maggi, 2017) used with other

physicochemical analysis, to determine the quality of
saffron according to ISO Normative (ISO, 2010,
2011). From absorbance values at 440, 257, and
330 nm of aqueous extract, associated with coloring
strength, flavor or bitterness strength, and aroma
strength, respectively, to the three quality categories of
saffron. Recently, it became clear that the chemical½AU9�

f0020 FIG. 14.3 Adsorption spectrum trans and cis crocins.

f0025 FIG. 14.4 Main hypothesis on the biosynthesis of the esters of crocetin, picrocrocin, and safranal in Crocus
sativus L.½AU21�
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composition of saffron is not only relevant for its qual-
ity and traceability but is an essential requirement to
define saffron efficacy in treating neurodegenerative
processes.

s0015 PHOTORECEPTORS
p0125 Visual perception initiates in the retina by the activation

of photoreceptors by quanta of light. Light photoiso-
merizes the 11-cis-retinal (11-cis-RAL) chromophore of
photoreceptor visual pigments to an all-trans configura-
tion. This gives rise to a complex series of events (see for
ref. Kiser and Palczewski, 2016) that analyze the visual
scene in terms of time, space, and color components to
be transferred to higher visual centers. Photoreceptors
are neurons highly specialized to accomplish the so-
phisticated task of transforming energy into electric sig-
nals; the only language recognized by the peripheral
and central nervous system. They have a very high meta-
bolism and a unique way to maintain their function
(Léveillard et al., 2019; Narayan et al., 2017; Stone
et al., 2008) so much so that both the choroid plexus
and retinal pigment epithelium (RPE) are fundamental
to support their requirements (Léveillard et al., 2019;
Yu et al., 2019). On this basis, it is easy to understand
that the extremely high specialization of photoreceptors
makes them fragile to cope with internal and external
stresses including aging. One of the main challenges
for photoreceptor function and survival is oxidative
stress.

s0020 Oxidative Damage in Acquired and Inherited
Photoreceptor Degenerations

p0130 Photoreceptors absorb light, and this process leads to
oxidation of their membrane lipids when both intensity
and time exposure are increased (Organisciak et al.,
1992; Tanito et al., 2006; Wiegand et al., 1983). It is
possible to induce morphological and functional dam-
age associated to the increased oxidative stress, as it is
suggested by increased production of endogenous anti-
oxidants (Gosbell et al., 2006; Organisciak et al., 1992;
Penn et al., 1987) and that exogenous antioxidants are
protective (Costa et al., 2008; Gosbell et al., 2006; Log-
vinov et al., 2005; Ranchon et al., 1999; Stahl and Sies,
2005; Tomita et al., 2005; Xie et al., 2007; Yılmaz et al.,
2007) for cones (Komeima et al., 2006; Shen et al.,
2005) as well as rods (Chrysostomou et al., 2008; Joz-
wick et al., 2006; Valter et al., 2009). The stress-
induced death of photoreceptors is accompanied by
damage to the survivors (Chrysostomou et al., 2008;
Jozwick et al., 2006). It is interesting to note that in
degenerative events starting with a genetic mutation of

rods the progression is often associated to the increased
oxygen level and consequently accumulation of super-
oxide radicals induced by death of high oxygen con-
sumer photoreceptor and the activation of
nicotinamide adenine dinucleotide (Yu et al., 2000;
Usui et al., 2009).

p0135Superoxide radicals attack macromolecules, causing
oxidative damage and the production of other mole-
cules such as nitric oxide that generates peroxynitrite,
a particularly damaging free radical that amplifies the
damage (Komeima et al., 2008). Progressively antioxi-
dant defense and repairing mechanism lose their effi-
ciency and cell damage and apoptosis progress.
Looking at cone density and distribution, it is possible
to hypothesize that they start to die in periphery and
then apoptosis moves posteriorly as it is observed in
many retinal dystrophies. During this process, free rad-
icals are continuously produced; thus, any treatment
able to preserve cones as to be provided the entire life.
An antioxidant treatment is efficient whether is able to
reduce oxidative damage below a threshold to maintain
active self-protective mechanisms in an effort to reduce
dysfunction and apoptosis. Both long-term and short-
term experiments are important to evaluate the efficacy
of drugs and the possibility to rescue damaged but still
viable cells.

s0025Saffron (Crocus sativus Extract)
Neuroprotection

p0140Maccarone et al. (2008) tested whether the ancient
spice “saffron” had good potentiality in protecting
retina against the damage induced by light and results
were very promising (see also Bisti et al., 2014 for ref.).
Albino rats (SpragueeDawley) were fed with saffron
(1 mg/kg/day) for 21 days before exposing them to
bright continuous light 1000 lux per 24 h. Animals
were sacrificed either immediately at the end of the
exposure or after a week treatment was continued until
experimental session was completed. Photoreceptors
death was defined with two techniques: direct measure
of dying neurons and count of survivors. In addition,
function was determined by recording flash ERG.
Photoreceptor layer (ONL) resulted largely protected,
as it was retinal function. Interestingly, the fibroblast
growth factor (FGF2) was not upregulated as it
happened in b-carotene-treated animals (Maccarone
et al., 2008) where only morphology was maintained
but not function. FGF2 upregulation was proved to
abolish ERG response (Gargini et al., 2004). These re-
sults confirmed the hypothesis that saffron treatment
might protect retina from stress probably acting as a
regulator of a variety of functions including cell death
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and neuroinflammation. Natoli et al. (2010) in the
same experimental model of light-induced damage
and feeding paradigm were able to identify genes
and noncoding RNAs (ncRNAs) modulated by saffron
using microarray technique. RNA from exposed and
unexposed (treated and untreated) eyes was hybrid-
ized to Affimetrix rat genoma ST arrays. 14 genes
have been selected to validate microarray results using
polymerase chain reaction. Light damage regulated
175 entities (genes and noncoding ncRNAs) beyond
criterion levels (P < 0,5 compared to controls, fold
change >2). Saffron pretreatment reduced the expres-
sion of 53 entities. Saffron pretreatment added 122 en-
tities above or under fold change in addition to those
defined in LD-untreated rats. In addition, a small num-
ber of genes and ncRNAs were regulated beyond crite-
rion levels in control treated and unstressed animal.
The majority of genes regulated by light damage
(>90%) were known genes. By contrast, ncRNAs
were prominent among the entities regulated by
saffron (73% and 62%, respectively). Given before
retinal exposure to damaging light, saffron regulated
a large number of entities, among which ncRNAs
were prominent. The gene list obtained from the
microarray experiment was analyzed by using ingenu-
ity pathway analysis (IPA). IPA that accesses accurate
genetic database of functional assignments was used
to analyze the full set of differentially expressed genes
to discover canonical pathways implicated in the neu-
roprotective effect of saffron. The results of IPA data
analysis showed that saffron treatment is able to
modulate some genes linked to canonical pathways,
including oncostatin M signaling, interferon signaling,
IL-9 signaling, acute phase response signaling, and
TNFR1 signaling. A systematic analysis of ligand and
receptors of neuroinflammatory pathways are under
way. Results are already available on the direct effects
of saffron treatment on P2X7 purinergic receptors
and its efficacy in reducing retinal toxicity (Corso
et al., 2016) and on the cannabinoid receptors Type
1 and 2 in an animal model of retina degeneration
(Maccarone et al., 2016).

s0030 Cell Cultures (Retinal Pigment Epithelial
RPE)

p0145 Following the results of the microarray experiment to
verify whether saffron might have positive effects on
the basal cell metabolism, we tested the viability of cells
with or without saffron extracts on a cultured cell line of
commercially available human retinal pigment epithe-
lial cell line: ARPE-19 (Dunn et al., 1996). Cells were
seeded in a 96-well culture plate (seeding density,

1 � 104 cells/well) in DMEM/F12 (DMEM/F12%, 10%
FBS, and 1% penicillin/streptomycin) medium and
incubated overnight. The following day, after morpho-
logical checking, we added 25 mM or 50 mM of aqueous
saffron extracts only in some of the wells. After 24 h of
incubation at 37�C and 5% of CO2, we performed a
viability test by using a commercially available
colorimetric kit (CellTiter 96, Promega). Fig. 14.5
shows the results of the experiment. Both tested concen-
trations of saffron extracts have significantly increased
the viability of cells compared to those grown in
standard medium. No dose-response effects have been
noticed in these experiments, meaning that the lower
concentration tested was already able to saturate the
resilience mechanisms in cells.

s0035MULLER CELLS AND MICROGLIA IN
DEGENERATING RETINA

p0150Every disease in the retina is associated to reactive glio-
sis of Muller cells that on one hand supports the sur-
vival of retinal neurons but on the other may
accelerate the progression of the disease by orches-
trating complex responses leading to microglia activa-
tion and neuroinflammation (Bringmann et al.,

½AU15�

f0030FIG. 14.5 Cells grown for 24 h in normal medium show
significantly lower viability respect those grown for 24 h in
medium added with 25 mM saffron or 50 mM saffron. Data
show no dose-response effects.
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2006). Microglia are the immune competent cells in the
central nervous system. They have many functions
including being neuroprotective in physiological condi-
tions. In retinal tissue, microglia is present in the inner
retinal layer and activates and moves to the outer nu-
clear layer only in response to stress stimuli. Saffron
treatment was proved to reduce gliosis (Bisti et al.,
2014; Di Marco et al., 2014; Marco et al., 2013) and
activation of microglia (Fig. 14.6).

s0040 Saffron Fractions
p0155 Given the complex composition of saffron, it seems

possible to speculate that only a subset of saffron com-
ponents might exert neuroprotective effects. To test this
hypothesis, we separated saffron into two main compo-
nents: kaempferols and picrocrocin, the most polar part

of the saffron extract; and the trans and cis crocins, the
most apolar molecules. We repeated the experiments
performed in Maccarone et al. (2008). We developed
the following procedure to separate the main chemical
components of saffron stigma. The saffron sample
(40 mg) was diluted in 40 mL of a 50/50 CH3OH/
H2O v/v mixture, under magnetic stirring for 1 h in
the dark. Subsequently, it was centrifuged at
1000 rpm for 5 min, and the supernatant was dried in
a vacuum distiller (rotavapor: 30�C, 150 rpm). The
dry sample was dissolved in a volume of 20 mL of
deionized water. The sample is passed through an
appropriate SPE C18 cartridge (ISOLUTE with 1 g of
stationary phase). The extraction steps were as follows:

o00101. Conditioning: 2� 5 mL Hexane 2� 5 mLMethanol
(alternating)

f0035 FIG. 14.6 Panels A and B represent nuclear staining of respectively untreated (A) and saffron-treated
(B) dorsal retina, acquired at the same distance from the optic disk. It is possible to notice the disruption of
ONL in untreated animals with the presence of rosettes, while saffron-treated animals show numerically and
morphologically preserved ONL. Panels C and D show Iba-1 positive cells (microglia) in untreated (C) and
saffron-treated (D) animals. Microglia number is strongly reduced in saffron-treated retinas, showing a smaller
number of activatedmicroglia (ameboid shaped) that residesmostly in the inner retina. Untreated animals show
larger number of activated microglia with high density in the outer layers.
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o0015 2. Loading: 15 mL of extract 40 mg recovered in 20 mL
H2O

o0020 3. Elution A: 2 � 1 mL H2O-EtOH (75:25).
o0025 4. Elution B: 2 � 1 mL EtOH (100%).
p0180 With elution A, we obtained the fraction character-

ized by the presence of kaempferols and picrocrocin,
the most polar part of the saffron extract; with elution
B, we obtained the fraction constituted by the trans
and cis crocins, the most apolar molecules. The entire
extraction procedure was repeated simultaneously at
least three times for each kind of tested sorbent
material. The two fractions were characterized by an
HPLC system: stationary phase Kinetex C18 5 mm col-
umn (Phenomenex), gradient elution with deionized
and demineralized water and acetonitrile (CH3CN).
The initial gradient conditions were 5% H2Oe95%
CH3CN, with the final condition of 0% H2Oe100%
CH3CN, a diode array UVeVis detection system.

p0185 After the HPLC analysis, the fractions were dried
with a vacuum dryer to remove the ethanol and were
dissolved in water for animal treatment.

p0190 Briefly, animals were fed with saffron stigmas or a
single fraction of saffron for 7 days before and 7 days
after light-induced damage (LD). Same concentration
as in saffron was supplemented with the two fractions.
To evaluate retinal function, f-ERG was recorded at
base line, before starting treatment, and 7 days after
LD. At the end of the recording session animals were
euthanized, and retinas collected for immunohisto-
chemical labeling. We focused our attention on the
ability of saffron or its components to reduce the neu-
roinflammatory response in the retina as shown by the
reduced numbers of microglia cells present in the
retina (Fig. 14.7). Looking at Fig. 14.7, it is possible
to note that saffron stigmas showed a strong neuropro-
tective outcome and that similar effects, although with
larger variability, were found for the trans and cis
crocins fractions (100%). Finally, it is important to un-
derline that also the 25% fraction (containing kaemp-
ferols and picrocrocin) although not at a significant
level, reduced the number of microglia cells in LD
retinas.

s0045 BEHAVIORAL EVALUATION OF ANIMAL
DISTRESS

p0195 A standardized experimental protocol was able to
monitor the degree of distress suffered by the animals
during a variety of experimental procedures. We used
the Grimace Scale method to evaluate the spontaneous
behaviors associated with pain elicited by our protocol
(fractions) at three time points: before light exposure, at

the end of light exposure, and 24 h after LD. This
method allows to rank the pain suffered by the animal
by giving a score to particular facial expressions such as
orbital tightening, cheek and nose bulging, whiskers
shape and position, and ear position. Each facial vari-
able is ranked with scores ranging from 0, meaning
no pain, to 2, meaning that pain is obvious. All the an-
imals tested before the light damage showed no signs of
pain. Fig. 14.8 shows the results obtained immediately
at the end of the light damage. The animals that were
fed with saffron stigmas showed reduced distress, statis-
tically significant, compared to those fed with the 100%
fraction and damaged controls. Moreover, also the ani-
mals treated with the 25% fraction showed a significant
reduction of pain compared to LD control animals.
Interestingly, this differential effect disappears 24 h af-
ter LD.

p0200This effect of saffron treatment was unexpected and
again it seems to suggest that it is the entire pool of
components that offer the highest probability of a pos-
itive result.

s0050RATIO AMONG SAFFRON COMPONENTS
DETERMINES NEUROPROTECTIVE
EFFICACY

p0205The chemical composition of saffron defines its neuro-
protective activity, and only saffron that has a specific
ratio in the crocins’ concentration has this capacity.

f0040FIG. 14.7 Total number of Iba-1þ cells (microglia) in
retinas treated with saffron stigmas or 25% fraction
(kaempferols and picrocrocin) or 100% fraction (trans and cis
crocins) for 7 days before and 7 days after light-induced
damage (LD).
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Results reported in Fig. 14.9 show that only one type of
saffron (corresponding to the mentioned criteria) was
able to protect photoreceptors in an animal model
where degeneration was induced by exposure to high
intensity light. The average thickness of the dorsal
retina outer nuclear layer (ONL) is reported in five
experimental conditions. Photoreceptor bodies are
located in ONL, so the thinner the outer nuclear layer,
the greater the neuronal death. The mean thickness in
light-damaged retina (LD) is significantly reduced with
respect to control retina. Three saffron samples of
different origin and composition have been tested.
Although a slight improvement can be detected in an-
imals treated with saffron 1 and 2 only saffron 3 gave a
real protection, highly statistically significant. Saffron
3 had a content of crocins, defined in the patent.

Saffron 1 and 2 deviated from that composition,
because the ratio in the concentration of the crocins
was inferior to the minimum value that this ratio
must have for the saffron to have a neuroprotective ac-
tivity. Nevertheless, a protective efficacy can be
detected at least for saffron 2, suggesting that a
different potentiality in different saffron might explain
variability in results and doses.

s0055CLINICAL TRIALS: AMD AND STARGARDT
s0060Age-Related Macular Degeneration
p0210Age-related macular degeneration (AMD) is a degener-

ative disorder of the macula involving the retinal
pigment epithelium (RPE), Bruch’s membrane and
photoreceptors. Many studies support the evidence
that AMD is a multifactorial disorder, aging, dismeta-
bolic processes, and genetic factors are involved but
mechanisms have not been fully clarified. Neverthe-
less, oxidative stress and neuroinflammation play rele-
vant role. Several strategies to preserve visual function
have been developed; among the others, saffron treat-
ment is giving interesting results. In the first clinical
trial (Falsini et al., 2010) a phase I/II study, the exper-
imental protocol followed a double-blind placebo-
control procedure. Early AMD patients were selected,
divided into two groups and randomly assigned to
saffron (20 mg/day) or placebo. Patients were tested
at base line, after 3 months when reverted to the sec-
ond supplementation (S or P) and at the end. Together
with clinical observation, the main outcome measures
were focal electroretinogram (FERG) amplitude (in
mV), phase (in degrees), and modulation thresholds.
FERGs were recorded in response to a sinusoidally
modulated (41 Hz) uniform field presented to the
macular region (18 degrees) at different modulations
between 16.5% and 93.5%. In saffron-treated patients,
FERG amplitude increased compared to base line or
placebo supplementation (mean change after saffron:
0.25 log mV, mean change after placebo: 0.003 log
mV, P < .01). FERG thresholds decreased after saffron,

f0045 FIG. 14.8 Rat Grimace Scale ranking obtained in saffron,
25%, 100% treated and untreated animals. Saffron stigma
is the most effective treatment reducing significantly the
spontaneous behaviors associated with pain. Interestingly,
also the component rich in kaempferols and picrocrocin
(25%) is able to reduce effectively the observable pain. The
component rich in trans and cis crocins is the less effective in
reducing pain in these animals. Relative statistics is reported
in Table 14.1. Data are expressed as mean � standard
deviation.

t0010 TABLE 14.1

Saffron Stigmas 25% 100% LD

Saffron stigmas Not significant P < .001 P < .0001

25% Not significant Not significant P < .0001

100% P < .001 Not significant P < .0021

LD P < .0001 P < .001 P < .0021
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but not after placebo supplementation compared to
baseline (mean change after saffron: 0.26 log units;
mean change after placebo: 0.0003 log units). The re-
sults indicate that short-term dietary saffron supple-
mentation improves retinal flicker sensitivity in early
AMD. Although such results need to be further repli-
cated, and the clinical significance is yet to be evalu-
ated, they provided important clues that nutritional
saffron carotenoids may impact AMD in novel and un-
expected ways, possibly beyond their antioxidant
properties (clinicaltrials.gov: NCT00951288).

p0215A longitudinal open-label study in an outpatient
ophthalmology setting was conducted to evaluate
whether the observed functional benefits from saffron
supplementation may extend over a longer follow-up
duration. Twenty-nine early AMD patients (age range:
55e85 years) with a baseline visual acuity >0.3 were
enrolled. They had dietary saffron supplementation
(20 mg/day) over an average period of treatment of
14 (�2) months. Clinical examination and FERG
(Falsini et al., 2010) were recorded every 3 months
over a follow-up of 14 (�2) months. Retinal sensitivity,
1/over the threshold, was the main outcome measure.
After 3 months of supplementation, mean FERG sensi-
tivity improved by 0.3 log units compared to baseline
values (P < .01), and mean visual acuity improved by
two Snellen lines compared to baseline values
(0.75e0.9, P < .01). These changes remained stable
over the follow-up period 14 ( �2) months
(Piccardi et al., 2012). A second follow-up was per-
formed to determine whether the functional effects of
dietary supplementation with saffron are influenced
by major risk genotypes such as complement factor H
(CFH) and age-related maculopathy susceptibility 2
(ARMS2). Marangoni et al. (2013) longitudinally eval-
uated 33 early AMD patients, screened for CFH
(rs1061170) and ARMS2 (rs10490924) polymor-
phisms and receiving saffron oral supplementation
(20 mg/day) over an average period of treatment of
11 months (range, 6e12). FERG amplitude and macu-
lar sensitivity, the reciprocal value of the estimated
FERG amplitude threshold, were the main outcome
measures. After 3 months of supplementation, mean
FERG amplitude and FERG sensitivity improved signif-
icantly when compared to baseline values (P < .01).
These changes were stable throughout the follow-up
period. No significant differences in clinical and FERG
improvements were observed across different CFH or
ARMS 2 genotypes (Marangoni et al., 2013). These re-
sults indicate that the functional effect of saffron

f0050 FIG. 14.9 Mean ONL thickness of dorsal retina as a
function of animal treatment. At each point, the thickness of
the ONL was calculated as the ratio between the thickness of
the ONL and the thickness of the total retina. Relative
statistics is reported in Table 14.2. Data are expressed as
mean � standard error.

t0015 TABLE 14.2

Saffron 1 Saffron 2 Saffron 3 Control Light Damage

Saffron 1 Not significant P < .0001 P < .0001 Not significant

Saffron 2 Not significant P < .0001 P < .0001 P < .005

Saffron 3 P < .0001 P < .0001 P < .005 P < .0001

Control P < .0001 P < .0001 P < .005 P < .0001

Light Damage Not significant P < .005 P < .0001 P < .0001
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supplementation in individual AMD patients is not
related to the major risk genotypes of disease. Recently,
the efficacy of saffron treatment in AMD patients
has been confirmed by different groups (Broadhead
et al., 2019; Riazi et al., 2016). Although there are
some differences in dosage and efficacy, we might sup-
pose that this is due to the chemical composition of the
saffron used as evidence has been provided that an
appropriate ratio among crocins increases the neuro-
protective efficacy.

s0065 Stargardt
p0220 Stargardt disease 1 (STGD1 # 248,200) is a severe

hereditary recessive macular dystrophy (Blacharski,
1988) characterized by the progressive retinal degener-
ation of rod and cone photoreceptors, with central
retina (macula) involvement and the appearance of or-
ange/yellow flecks distributed around the macula and/
or the midretinal periphery (Noble and Carr, 1979)
Mutations in the gene encoding an ATP-binding cassette
(ABC) transporter (ABCA4 have been demonstrated to
be responsible for STGD1 (Allikmets, 1997). Deficiency
in ABCA4 function eventually leads to exaggerated pro-
duction of bis-retinoids, the main components of lipo-
fuscin, which may cause photooxidative damage and
RPE degeneration (reviewed by Tanna et al., 2017 and
Kim et al., 2006). Oxidative damage is a major mecha-
nism involved in ABCA4-related retinopathy.
Damaging retinal mechanisms of mutant “Abca4/-” ret-
inas have been extensively investigated in the past, and
much evidence (Sparrow et al., 2003; Weng et al., 1999)
leads to the hypothesis that photoreceptors die because
of RPE ‘poisoning’ by lipofuscin accumulation and the
loss of the RPE support role. A2E arises from the
condensation of phosphatidyl-ethanolamine and all-
trans-retinal released from photoactivated rhodopsin
(Sparrow et al., 2000), likely leading to the increased
absorption of blue lights and phototoxic RPE cell dam-
age in vivo. These compounds cannot readily be metab-
olized in RPE cells and trigger RPE cell degeneration
through prevalent oxidative damage, which, in turn,
might lead to photoreceptor dysfunction and death
(Chen et al., 2012). The mutation-induced disease
may affect both rod and cone photoreceptors at rela-
tively early stages. In vitro studies (Sun and Nathans,
2001) also demonstrated that “Abca4” itself is an
efficient target of all-trans-retinal-mediated photooxida-
tive damage. However, several other mechanisms,
occurring in parallel or in a cascade of events, might
contribute to the disease development and progression.
A second important aspect of the degenerative process is
the activation of the inflammation cascade and

downregulation of antiinflammatory defenses. Both as-
pects have been recently discussed. Radu and collabora-
tors reported that A2E accumulation causes oxidative
stress, complement activation, and downregulation of
protective complement-related proteins in the
“Abca4 �/�” mouse model (Radu et al., 2011), while
in Kohno et al. (2013) it has been shown that microglial
activation increases retinal degeneration. Recently, a
clinical trial was performed in patients with Stargardt
disease (Falsini et al., 2014). The aim of this study
was to investigate the effect of saffron
(S) supplementation on central retinal function in
STG/FF patients carrying ABCA4 mutations. In a ran-
domized, double-blind, placebo-controlled, cross-over
study (clinicaltrials.gov: NCT01278277), 31 patients
with ABCA4-related STD/FF and a visual acuity �0.25
were randomly assigned to assume oral S (20 mg/day)
or placebo (P) over a 6-month period, and then reverted
to P or S supplementation for a further 6-month period.
Full ophthalmic examination and FERG recordings
were performed at baseline and after 6 months of either
S or P. FERGs were recorded in response to a 41 Hz,
sinusoidally modulated (93.5%) uniform field pre-
sented to the macular region (18 degrees) on a light-
adapting background. For each FERG response, the
Fourier-isolated fundamental harmonic component
was measured, and the noise level at this component
was estimated. Main outcome measures were FERG
amplitude (in microV), signal-to-noise amplitude ratio
(S/N in dB), and phase (in degrees). In all patients,
either S or P was well tolerated, and no side effects
were observed. After P, FERG amplitude decreased
from baseline (mean change: 0.18 log mV, P < .05). Af-
ter S, FERG amplitude was unchanged. Throughout the
follow-up, mean S/N was above the cut-off threshold of
3.5 dB. FERG phase and visual acuity were unchanged.
The results indicate that dietary saffron is well tolerated
and free of side effects. The FERG outcomes of this study
support the potential of antioxidant therapeutic strate-
gies to prevent the progression of ABCA4-related central
retinal degeneration/dysfunction, Fig. 14.10 shows an
example of results obtained in one patient. The FERG
results shown are recorded before and after 6 months
of saffron supplementation in an STDG patient with
0.7 visual acuity. It can be noted that amplitude showed
a slight increase (about 20%) from baseline, whereas
phase was unchanged.

p0225The results indicate that dietary saffron is well toler-
ated and free of side effects. The FERG outcomes of this
study support the potential of this therapeutic strategy
to prevent the progression of ABCA4-related central
retinal degeneration/dysfunction.
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s0070 CONCLUSIONS
p0230 We reviewed and presented original data on saffron

treatment in retinal neurodegeneration, both in animal
models and patients with AMD and Stargardt. Several
conclusions can be drawn looking at the experimental
data. Saffron does not have a unique way of action.
Although the chemistry of its components suggests a
strong antioxidant activity, it was proved that it is able
to modulate the activity of many genes and eventually
slowing down the progression of neurodegenerative
diseases by modulating the activation of negative events
including neuroinflammation. In addition, although
saffron presents a quite stable genetic content, its repro-
duction is by cloning of corms, its neuroprotective effi-
cacy strongly depends on the ratio among crocins (see
Fig. 14.9), and why it happens is under investigation.
This information has to be taken into account when
saffron is used for treatment, and it can explain some
discrepancies among results. Interestingly, this optimal
ratio cannot be predicted by belonging to one of the
three quality categories (I, II, and III). Saffron could
be category I and not having the right ratio. An addi-
tional observation comes from the fractions experi-
ment. Although crocins (fraction 100%) present a

high neuroprotective activity, the entire saffron seems
to introduce an added value even if not highly
statistically significant. Altogether all these evidences
point in the direction of a recently put forward idea
that saffron treatment might induce “acquired resil-
ience” and counteract dismetabolic negative events
(Stone et al., 2018).
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Abstract

Photoreceptor neurodegenerative processes are induced by a variety of factors: genetic mutations, environmental stresses,

aging, and a combination of them. The final outcome is photoreceptors malfunction and eventually death leading to

progressive deterioration of visual function. At present, there is no cure for most retinal diseases. Recently, saffron has

become an interesting candidate to cope with morphological and functional consequences of retinal neurodegeneration.

Data obtained in both animal models and clinical trials in age-related macular degeneration and Stargardt patients

provided evidence that saffron treatment reduces photoreceptor death, slows down the progression of neuroinflammatory

processes, and eventually improves and maintains visual function. The ways of action are complex and not limited to

reducing reactive oxygen species production. In fact, saffron treatment is also able to activate many genes. In addition, the

chemical composition of saffron’s components (mainly the ratio between different crocins) is a critical factor in defining

the efficacy of treatment.

Keywords:

AMD; Crocins; Neurodegeneration; Neuroinflammation; Retina; Stargardt.
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