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Abstract: Introduction: Some medicinal plants have shown promising therapeutic potential for the
management of the diseases. We aimed to systematically review the literature wherein the therapeu-
tic effects of saffron have been studied on eye disorders.

Methods: A systematic literature search was performed in PubMed, Scopus, Web of Science, Goo-
gle scholar and other databases using eye disorders and saffron as key terms. No strict inclusion
criteria were defined, and almost all clinical studies, as well as in vivo and in vitro studies were
included. The reported data in each study were extracted and then qualitatively described.

Results: Finally, 78 articles were found but only 29 relevant articles were included. Nine articles
were clinical trials and 20 articles were studies conducted on cellular and molecular aspects of saf-
fron on eye disorders. According to the included studies, crocin prevented the pro-inflammatory
response in retinal cells and decreased glucose levels in diabetic mice. Also, crocetin prevented
retinal degeneration and saffron protected photoreceptors from light-induced damage in retinal
cells. Saffron also improved visual function in age-related macular edema and decreased intraocular
pressure in patients with glaucoma. In addition, it was shown that crocin can improve best corrected
visual acuity and decrease central macular thickness in patients with diabetic maculopathy.

Conclusion: The results of this review indicated that saffron and its main ingredients such as crocin
could be a potential candidate for the treatment of ocular disease especially eye inflammation; how-

ever, further clinical studies are needed to confirm such efficiency.
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1. INTRODUCTION

Some types of eye disorders are age-related macular de-
generation (AMD), Bulging eyes, Cataracts, Color Blind-
ness, Crossed Eyes (Strabismus), Diabetic Macular Edema,
Glaucoma, Keratoconus, Ocular Hypertension, Retinal
Detachment, and Uveitis [1, 2].
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Some common eye diseases such as AMD occur when a
part of the retina that is responsible for central vision does
not work properly [3, 4]. AMD happens when a part of the
retina called the macula is damaged. Clinically, AMD is
classified into ‘dry’ or atrophic form and ‘wet’ or neovascu-
lar form. About 1 out of 100 people between the ages of 65
and 75 have age-related macular degeneration [5, 6]. There is
currently no effective treatment for dry macular degenera-
tion. Wet AMD is typically treated with anti-vascular endo-
thelial growth factor drug [6, 7].

Nowadays, diabetes-induced complications are a major
concern for many diabetic people since they may lead to
many ocular diseases, such as diabetic retinopathy, and clini-
cally significant macular edema (CSME) [8]. It is typically
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divided into two types of proliferative and non-proliferative;
in the case of proliferative diabetic retinopathy, the walls of
the blood vessels become thin and can cause blood leakage
and bleeding at the end of the retina [9, 10]. Intravitreal ra-
nibizumab and bevacizumab are administrated for the treat-
ment of CSME [10]. Diabetic retinopathy occurs in 1 out of
3 people with diabetes, with reported rates of DME reaching
7% 1in this group of patients [11, 12].

Glaucoma is a group of related eye disorders that cause
damage to the optic nerve that carries information from the
eye to the brain. Some treatments are available and may help
in slowing disease progression, preserving existing vision,
and if started early enough, recovering some lost vision. The
global prevalence of glaucoma for the population aged 40-80
years is 3.54% [13, 14].

Cataract is the most frequent eye disease among older
populations that should be considered at an early age by the
health practitioners to provide early preventive programs
[15, 16]. Cataract includes some types such as nuclear cata-
racts, cortical cataracts, posterior subcapsular cataracts, and
congenital cataracts. Globally, cataract has remained the
major cause of blindness over the years. Approximately 45
million people are blind worldwide, out of which cataract
accounts for 17.6 million (39%) cases. South-East Asian
region contributes to 50-80% of blindness all over the world
[16-18].

Most eye diseases are due to inflammation in the eye,
including diabetic retinopathy, which is an inflammation of
the retina. According to studies, saffron and its active com-
pounds (such as Crocin, Crocetin, Safranal) have antioxidant
properties and can be effective in the treatment of diseases of
inflammatory origin.

In this study, we aimed to systematically review all
available documents on the therapeutic potential of saffron in
eye diseases.

2. METHODS

2.1. Search Strategy and Selection Criteria

PubMed, Scopus, Embase, Web of Science, Medline,
Ovid, Science Direct and Google scholar were searched for
the defined keywords. The key terms for this systematic re-
view were “saffron” and “eye disorder” as well as all their
equivalents. The following search method ((saffron OR cro-
cin)) AND (eye disorders OR eye diseases OR eye problems
OR eye complications OR ocular complications OR ocular
diseases OR ocular disorders) was used and defined to find
potentially relevant documents. All included documents
were double-checked, and to minimize the possibility of data
loss, manual reference list screening of the included articles
was also performed. However, for a comprehensive and reli-
able conclusion, inclusion criteria were limited to articles
with English language or articles in which the data could be
extractable from only the abstract. Procedures including lit-
erature search and data collection were performed in May
2019 according to the PRISMA checklist 2009 by two
authors independently. In the case of disagreement between
the two authors in each step, the third author performed pro-
cedures to resolve the issue.
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2.2. Data Collection

All necessary data were extracted from the included arti-
cles and were categorized. The data for clinical trials include
design of the study, total numbers of participated patients,
age of participants, sex ratio, type of eye disorders, and all
measurable parameters such as type of drug formulation,
total saffron extract or the type of active ingredient, doses of
medication, and the duration of therapy. The data for in vivo
and in vitro studies involve type and number of animals, type
of saffron extract, administered dose, duration of treatment,
study variables and mechanistic pathways.

2.3. Measured Variables and Quality Assessment

The collected articles in this study were categorized into
two separate sections of clinical trials and studies in vitro or
on animal models. The main outcomes in the clinical trials
include intraocular pressure (IOP), visual acuity (VA), best
corrected visual acuity (BCVA), central macular thickness
(CMT), and focal electroretinogram (fERG), in which re-
sponse to the therapy was defined according to changes in
each criterion. According to the type of eye disorder, the
outcomes in each study differ from one another. For exam-
ple, IOP is an important measurement for eye disease such as
glaucoma, while measurements of BCVA, CMT and fERG
are important in diabetic maculopathy and AMD.

In in vitro and in vivo studies that had been conducted on
retinal cells or retina of animals, the diversity of measurable
variables was higher. These variables included determination
of oxidative stress parameters such as glutathione (GSH),
superoxide dismutase (SOD), malondialdehyde (MDA), re-
active oxygen species (ROS), and oxidative capacity, in ad-
dition to measurement of intracellular calcium, and apoptotic
factors such as SOD and caspases (caspase 3 and 9).

For quality assessment of the included randomized con-
trolled trials (RCT) articles, Newcastle-Ottawa and Oxford
quality scoring systems (also known as Jadad score) were
used. In Newcastle-Ottawa scoring system, there are three
different parts including “selection”, “comparability”, and
“outcome” with overall 8 questions, wherein a star is given
for each item. However, a maximum of two stars can be as-
sumed for comparability, and a fully standard paper with
appropriate design can obtain a maximum of 9 stars on this
scale. In Oxford quality assessment scoring systems, there
are 5 questions indicating the randomization, blinding and
follow-up of studies wherein a study with score >3 of 5 has a
high quality. The questions of Newcastle-Ottawa and Jadad
quality assessment scales are provided as supplementary
data.

3. RESULTS

3.1. Literature Search and Study Selection

Of the 78 articles collected in the database search, 48
articles were from PubMed, 15 articles were from Scopus
and 15 papers were from other sources (Google Scholar,
Embase, Web of Science, Medline, Ovid, and Science Di-
rect). After excluding review articles and other irrelevant
documents, 29 documents were selected for further process-
ing. In 9 of the 29 included literature articles, the clinical



394 Current Neuropharmacology, 2021, Vol. 19, No. 3

Sepahi et al.

l Records excluded due to:

review n=36

design inappropriacy n=13

g
= Records found in | | Records found in ||Records found in
gé PubMed Scopus other sources
= n=48 n=15 n=15
=
= l l
g
E Total records L,
g n=78
7]
\____J
iy
=
20
=
(T\ 2
§ Included articles for
S qualitative analysis

Fig. (1). The PRISMA flow diagram demonstrating the database searches

efficiency of saffron or its active constituents has been
evaluated on humans, while in 20 articles, the therapeutic
potential of saffron and derivatives has been evaluated on
animal models or on retinal cells. Step by step process of
article selection is demonstrated in Fig. 1.

4. DESCRIPTION OF INCLUDED STUDIES
4.1. Animal and in vitro Studies

In this section, 20 articles from 2006 to 2019 on the
therapeutic effects of saffron and its active components on
animal models and/or on retinal cells were reviewed (Table 1).
Of 20 papers, 8 articles studied the effect of saffron, and 9
articles evaluated the effects of crocin on eye diseases. In
addition, 2 papers evaluated the effect of crocetin and one
paper the effect of safranal. The average duration of
treatment in animal models was 3.85 weeks (1-20 weeks)
and in in vitro studies from 16 to 24 hours to 10 days. Of the
20 papers, 8 were performed both in vivo and in vitro, 8 were
in vivo and 4 were in vitro. In animal studies, the lipid
profile, antioxidant levels, oxidative capacity, caspases
activity, glutathione, SOD, glucose level, fERG, eye vision,
the internal pressure of the eye and retinal thickness were
investigated. Also in in vitro studies, caspase activity,
apoptosis, ROS, and locomotor activity were investigated
and the main results showed that crocin prevented the
oxidative stress and pro-inflammatory response and saffron
was able to protect photoreceptors from light-induced
damage in retinal cells.

In 9 included animal studies, 4 articles were performed
on rats, 4 on mice and 1 on rabbit. The main variable that
was evaluated in these papers included fERG, and the results
indicated that saffron has neuroprotective properties and

, article selection process, and the number of included studies.

protects the eyes of the rat. The proposed mechanism in
these studies for the saffron neuroprotective property was the
antagonistic effect of saffron on CB1 and CB2 hybrid
cannabinoid receptors. In addition, saffron significantly
prevented selenite-induced lipid peroxidation, protein
oxidation, and increased superoxide dismutase, glutathione
peroxidase, catalase, and glutathione levels in Wistar rat.
Also, Saffron decreased the accumulation of lipid
peroxidation products in the rabbit [19, 20]. Saffron may
protect photoreceptors from retinal stress, maintaining both
morphology and function in Sprague-Dawley rats and can
protect photoreceptors from light-induced damage in mice
retinal cells [21, 22].

Moreover, crocin decreased glucose level and improved
visual acuity and visual contrast sensitivity and protected
retinal photoreceptors against light-induced cell death.
Crocin also prevented apoptosis induced by retinal
ischaemia/reperfusion injury [23-25].

Crocetin prevented ischemia-induced retinal damage in mice
and prevented retinal degeneration [26, 27].

4.2. Clinical Trials

Of the eight RCT articles, seven have been conducted on
the therapeutic effects of saffron as capsules, tablets and/or
oral solutions on eye disease, and only one article evaluated
the effects of crocin in the form of tablet on ocular diseases.
The most recent and old documents had been published in
2019 and 2010, respectively. A total of 406 patients were
studied, of which 205 were men and 201 were women, and
their age range varied from 50 years to 89. Also, the average
duration of treatment was 12.5 weeks. In 6 of 8 articles, the
effect of saffron has been evaluated on AMD, while in one
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Table 1. General information of the in vivo and in vitro studies included in this review.
Type of | Animal | Number of Duration of . Mechanism
No. Refs. . Type of Cell | Intervene Dosage Study Variables Result
Study Model Animal Treatment Pathway
In vi Male Retinal
n vivo . in .
1 (28] and Swiss Mice analion Saffro 200 1e/mL 1 week Ocular hyperten- Anti- Saffron decreased
) i Ton Wi
L albino E e sion inflammation 10P
in vitro X cells
mice
Lipidemic profile, Potential protective
ApoE -/- 1 , CRP, and le of saffi
2 [29] In vivo poi 21 Mice - Saffron 25 mg/kg/d 20 weeks glucose ] an - ro C.O sa .ron
mice total oxidative against retinal
capacity damage
Cox-2, Reactive Activation of Crocin prevented
Microglial Oxygen Species PI3K/Akt oxidative stress and
3 301 | Invitro - - R Crocin 1uM | 24hand4gh | 8en SPeCt o idaty !
cells Assay, intracellular Signaling pro-inflammatory
ROS Pathway response
Antagonists of
selective type-1 N tecti
europrotective
4 [31] In vivo Albino 78 Rats - Saffron 5 mg/kg 2 weeks fERG, BCL (CBI1) or type-2 P
. effect of saffron
(CB2) cannabi-
noid receptor
Glucose levels, Anti o~
Plasma total crystallin
Male antioxidants, lycation and Crocin decreased
5 | @21 | mmvivo : 55 Rats - Crocin | 100mgke | 8 weeks fHox! s roeim ceer
Wistar glutathione levels anti- Glucose level
and catalase aggregation of
activity crocin
Primary Saffron re-
retinal cell duced the ATP-
. R . Saffron protects
cultures of Apoptosis, Intra- | induced intra-
. A A photoreceptors
6 [21] In vitro - - mice Saffron 5 mg/ml 18h 24 h cellular calcium cellular L.
. A from light-induced
(HEK- measurements calcium in- B
P2X7R crease in 661W amage
cells) cells
Retinal 0.1 and 1 LDH, ROS, Activation of gacgl(?;mc];rli);e;'s st
.1 an ivation nglion in
In vit - - anglio i 16 h 24 h | caspase-3 activity, :
7 [33] n vitro ganglion Crocin M and P ivity S H202-induced
cells nuclear factor-kB
damage
Adult Antioxidant .
. . Crocin protects the
In vi male Caspase-3 protein | and antiapop- tina f d
n vivo, . . . . retina from damage
8 [34] In vit Sprague- 25 Rats Retinal cell Crocin 50 mg/kg 3 days levels, MDA and | totic properties induced b ischeg
nviro Dawley GSH Level, SOD | of Crocin in the R 4 i
. mia/reperfusion
rats retina
Negative interaction
Saffron and between PBM and
Light Apoptotic cell saffron when given
Invivo, | Albino Retinal H 1 poplotic ce SN SR e
9 [35] T vit Rat 54 Rats i damage, mo/kelda 1 week death, ONL - simultaneously, with
1 viro 1SSues Photobio- glkg/day thickness, a consequent reduc-
modulation tion of the neuropro-
tection
Saffron significantly
SOD. GSH. .prevente'd 'selenite-.
. . induced lipid peroxi-
glutathione peroxi- | .
.. Saffron pre- dation, protein
dase, catalase, lipid i L
. . 60 L vented selenite- oxidation, and
10 [19] Invivo | Wistar rat 26 Rats Lens Saffron 3 weeks peroxidation, . . .
mg/kg/day . induced cata- | increased superoxide
malondialdehyde, X i
. . ract formation dismutase, glu-
and protein oxida- . i
tion tathione peroxidase,
catalase, and glu-
tathione levels

(Table 1) contd....
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T f | Animal | Numberof | T f Durati f Mechani
No. | Refs. ypeo nima um. er o ypeo Intervene Dosage uration o Study Variables echanism Result
Study Model Animal Cell Treatment Pathway
Expression of 8- | Crocetin prevented
OHJG, phos- ischemia-induced
X Male ddY . Electroretinogram, p 08 15¢ 'emla 1nauce
11 [26] In vivo mice - - Crocetin 20mg/kg 10 days TUNEL phorylations of retinal damage
MAPK, ERK, through its inhibition
JNK and NF-xB of oxidative stress
Elect " Safranal could be
In vivo . 400 mg/kg/ ectroretinogram, a protective potentially useful to
P23H rat 3 Albino . A photoreceptor o . A

12 [36] and Rat retinas Safranal twice a 1 week activity against | retard retinal degen-
o model rats morphology and L L. .
in vitro week oxidative stress eration In patients

number .
with RP.
Crocin increased the
total t of
2,4and12h promotes otaramounto
X X X 30 and 100 .. .. . non-REM sleep and
13 [37] In vivo mice - - Crocin after administra- | locomotor activity | non-rapid eye
mg/kg tion movement slee decreased the total
P amount of wakeful-
ness
Invivo | ddY mice Retinal 10-100 CaszasT ac:ilv'ltly, Suppres}slondofg c i ;
— - - rocetin prevents
14 [27] and and SD Mice ganglion Crocetin 5 days fmitochondria caspa5§ an' . P R
. mg/kg membrane poten- | following retinal | retinal degeneration
In vitro rats cells .
tial damage
Lipid peroxidation Saffion deereased
| chinchitta , 0.5 mL into piep Antioxidative | accumulation of lipid
15 [20] In vivo , rabbits - Saffron 20 days products (HP and ) .
rabbits each eye . function peroxidation prod-
malondialdehyde)
ucts
Saffron may protect
Sprague- fERGs, ONL, photoreceptors from
16 [22] In vivo Dawley 3 rats - Saffron 1 mg/kg 1 week fibroblast growth Cell death retinal stress, main-
rats factor taining both mor-
phology and function
; Crocin protects
bovine Primary Green nucleic acid | Neuroprotective retinal photorecep-
17 | [23] | Invitro , - retinal cell | Crocin | 0-160 uM 2 weeks : photorecep
retinas stain assay, effect tors against light-
cultures .
induced cell death.
. . Anti- Crocin improved
0.25-5 m, visual acuity and hotodamage and visual acuity and
18 [24] In vivo mice - - Crocin ’ & 4 weeks visual contrast P & R R
kg e cytoprotective visual contrast
sensitivity L.
effects sensitivity
e P Neuroprotective Rgrcocamomtl::' ::dd
. ) . ropr! Vi is an
19 | [38] | Invivo - 32Rats | ganglion | Crocin | 20mgkg 4weeks | thickness, TUNEL | o oP J% apop
Effect optic nerve degenera-
cells assay .
tion
Croci 1
In vitro Sprague— Retinal 5.5 and 50 PI3K/AKT JOCI? p;’leven;
, 25 an . . .

20 [25] and Dawley Rat ganglion Crocin 14 days Apoptosis signalling path- retna I,SC a.el'm
L mg/kg reperfusion injury-
in vivo Rat cells way R :

induced apoptosis

Abbreviations: IOP: intraocular pressure CRP: C-reactive protein, BCL: bright continuous light, LDH: lactic dehydrogenase, ROS: reactive oxygen species, MDA: malondialdehyde,
GSH: Glutathione. SOD: superoxide dismutase. ONL: outer nuclear layer, 8-OHdG: 8-hydroxy-2-deoxyguanosine, MAPK: mitogen-activated protein kinases, ERK: extracellular
signal-regulated protein kinases. JNK: c-Jun N-terminal kinases. NF-«kB: transcription factor nuclear factor-kappa B, RP: retinitis pigmentosa. REM: rapid eye movement.

HP: Hydroperoxides. RGC: retinal ganglion cell.

article, therapeutic effects of saffron have been evaluated on
open angle glaucoma (OAG). Also in one article, the
therapeutic potential of crocin has been evaluated on diabetic
maculopathy. The quality assessment of included literature
was also performed and the results are demonstrated in Table 2.

In AMD, the effect of saffron (20 mg/day for 12 weeks)
was investigated on the improvement of BCVA and fERG,
and the results showed that saffron improved the retinal
flicker sensitivity and BCVA in these patients compared to
the control group. Also, evaluating the effect of saffron in

patients with OAG showed that saffron in the form of capsule
and liquid extract at a dose of 30 mg/day for 3 to 4 weeks
caused a significant decrease in IOP in patients with OAG
compared to the control group. In a study by Sepahi ef al., the
effect of crocin (5 and 15 mg/day), as the active ingredient of
saffron, was investigated in diabetic maculopathy for 12
weeks. The results indicated that crocin improved BCVA and
significantly reduced CMT in diabetic maculopathy patients
in comparison with the control group. No specific side
effects were reported for crocin and saffron in these studies.
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Table 2.
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Quality assessment of articles according to Newcastle-Ottawa and Oxford quality scoring systems (Jadad).

No.

Authors

Newcastle-Ottawa Score

Jadad Score

—

Broadhead GK et al., 2019

Sepahi S et al., 2018

Riazi A et al., 2017

Lashy A et al., 2016

Jabbarpoor Bonyadi MH et al., 2014

Marangoni D et al., 2013

Falsini B et al., 2010

Piccardi M et al., 2012

o | ® | SN N

Piccardi M et al., 2019

(o N N S I EE=2 T B B o N B B S B e}

NN TS

The maximum given score for Newcastle-Ottawa and Oxford quality scoring systems is 9 and 5, respectively.

Table3. General information of the Clinical trial articles included in this review.
Mean Age/
Sex Number Herbal Study Vari- | Duration of
No Refs. Design Age Range Disease Formulation Dosage Results
M/F of Patients Product ables Treatment
(Years)
SProgression of
Macular X
Double- . . central retinal
X X Dystrophy visual acuity L.
1 [39] blind, pilot 14/17 - 31 Saffron Extract 20 mg/day 20 weeks dysfunction in
(STG/FF and fERG
study . ABCA4-related
patients)
STG/FF
Retinal flicker
Double- 73.9/51.0- 100 Tablet 20 mg/day BCVA, 12 weeks o
2 [40] K 51/49 AMD Saffron sensitivity and
blind 89.7 mfERG R
BCVA improved
BCVA improved
Double- . 15 and 5 BCVA and
3 [41] X 29/31 55.85/41-82 60 DME Crocin Tablet 12 weeks and CMT de-
blind mg/day CMT
creased
Visual function,
Placebo- BCVA and especially contrast
4 [42] 23/31 69.57 54 AMD Saffron Capsule 50 mg/day 12 weeks o
controlled CMT sensitivity im-
proved
Retinal function
Double- 30mg/ | BCVA, CMT, L.
5 [43] X 24/16 66.87 40 AMD Saffron Capsule 24 weeks significantly
blind day ERG X
improved
. 66.3 /Older 34 Saffron IOP was signifi-
6 [44] | apilotstudy | 21/13 POAG Capsule 30 mg/day 0P 4 weeks
than 50 years cantly decreased
_ fERG ampli- retinal flicker
preliminary Saffron 20 mg/day .
7 [45] ot 15/18 68.4/51-85 33 AMD Tablet tude and 12 weeks sensitivity im-
repo;
P sensitivity proved
The mean fERG
open-label 55-85 years . o
8 [46] 16/13 29 AMD Saffron Pill 20 mg/day fERG 12- 16 weeks |  sensitivity im-
study 69.3+7
proved
Amplitude and
Double- retinal flicker
9 [47] . 12/13 65/54-84 25 AMD Saffron Oral 20 mg/day fERG, 12 weeks .
blind sensitivity im-
proved

Abbreviations: AMD: Age-related Macular degeneration, BCVA: best-corrected visual acuity, mfERG: multifocal electroretinogram, IOP: intraocular pressure. DME: Diabetic

Macular Edema. CMT: central macular thickness. POAG: Primary open angle glaucoma.
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Also, both treatment and control groups received the
standard drugs (e.g. Bevacizumab, Ranibizumab, Aflibercept
and Dorzolamide-timolol) for treatment of AMD, OAG and
DME during the trial. Thus, the supplement therapy was
reported comparatively. Further information extracted from
the included RCT articles is presented in Table 3.

5. DISCUSSION AND CONCLUSION

Herbal medicines are commonly used in the management
of most diseases; however, the treatment of eye disorders
with medicinal plants and herbal products has been less con-
sidered. Due to the importance of eye diseases and
considering the effect of treatment method on visual acuity,
optimal medicine regimen and treatment are recommended.
Herbal medicines have usually fewer side effects, compared
to chemical agents, and a low-risk therapeutic approach is
accompanied with more acceptances by the patients. Thus,
the benefits of herbal medicines led to more investigations
on their pharmacological properties [48-50].

In this review, the results of in vitro studies showed that
crocin protects retinal cells through neuroprotective effect
and inhibition of oxidative stress. Mechanistic studies on
retino-protective effects of crocin have shown that it can
inhibit oxidative stress, inflammation, and cell apoptosis by
activating the PI3K / AKT signaling pathway [25, 30]. In
addition, the results of animal studies showed that crocin
improves visual activity, protects retinal photoreceptors and
inhibits oxidative stress in the rat's eye through neuroprotec-
tive, antiphotodamage, and cytoprotective effects [20, 23, 24,
36, 38].

Studies have also shown that crocin protects the retinal
ganglion cells against H,O,-induced ischemia through mito-
chondrial pathway and activation of nuclear factor kB (NF-
kB) and inhibition of ROS and LDH [29, 33, 35]. Also, cro-
cin with its neuroprotective effect protects retinal photore-
ceptors from light-induced cell death [35]. A similar study
on the effect of saffron on eye cellular photoreceptors
showed that saffron at a dose of 5 mg/kg inhibited apoptosis
and reduced ATP-induced intracellular calcium [21]. On the
other hand, crocetin protected cells from retinal degeneration
in the eye of the mouse model by inhibiting caspase activity
[27]. Moreover, Safranal, another component of saffron, was
shown to inhibit oxidative stress in the eyes of rat by protect-
ing cells against retinal degeneration [36].

Animal studies on the effects of crocin and saffron
showed that saffron improved fERG in the eyes of rat
through mechanisms such as CB1 and CB2 receptor antago-
nism and its neuroprotective effect [29]. Also, saffron at a
dose of 25 mg/kg and crocin at a dose of 100 mg/kg im-
proved lipid profiles, reduced blood glucose and oxidative
capacity, inhibited alpha-crystallization and glycation, and
improved visual acuity in mice and rat by inhibiting oxida-
tive stress. Saffron also protects the retina photoreceptors of
rat against oxidative stress by alleviating the morphology
and function of eye photoreceptors [31, 32]. It could prevent
cataract (at the dose of 60 mg/kg) through protection of the
eye cells against selenite-induced cataract (selenite deple-
tion), lipid peroxidation, SOD, and malondialdehyde, in
Wistar rats [19].

Sepahi et al.

Moreover saffron (25 mg/kg/day) has a protective role
against oxidative stress-induced retinal damage in the eyes of
mice [29]. In addition, findings showed that crocin at the
doses of 30 and 100 mg/kg/day has a critical role in locomo-
tor activity in the eye of mice in sleep mode [37].

Investigation of the effect of different crocin analogues
(crocin 1, crocin 2, crocin 3 and crocin 4 and crocetin) on
ocular blood flow and retinal function showed that all crocin
analogues except crocin 3 increased retinal blood flow after
120 min of drug instillation. Also all crocin analogues had a
remarkable effect on choroidal blood flow. The results of
this study showed that crocin analogues can be used in the
treatment of ischemic retinopathy and AMD [51].

The results of the clinical section of this systematic study
showed that saffron and its active compounds, such as crocin
and crocetin, in their oral form, have been effective in reduc-
ing inflammation in eye diseases, such as diabetic retinopa-
thy, OAG, and age-related macular edema. Of course, the
effect of crocin, is dose-dependent, since crocin at a dose of
15 mg compared to 5 mg per day significantly reduced the
thickness of macular degeneration in patients with diabetic
retinopathy [41]. Also, the data showed that saffron (20-30
mg/day) has neuroprotective effects and reduces inflamma-
tion in ocular diseases such as AMD and OAG [40, 43-47].
The variables measured in these studies include BCVA,
CMT, fERG and IOP. The BCVA was improved by saffron
(20 mg/day) and crocin (15 mg/day) tablets. Crocin (15
mg/day) significantly reduced the CMT after 90 days’ clini-
cal trial. Also, the capsule and aqueous extract of saffron (30
mg/day) led to a significant decrease in the IOP compared to
the placebo group [41, 44].

The pathogenesis of diabetic retinopathy (DR) has not
been completely elucidated; accumulating evidence suggests
that the inflammatory reactions may play a major role. Mi-
croglia are the primary innate resident immune cells in the
retina that are involved in the inflammatory changes causing
DR. According to more studies, crocin significantly reduced
gene expression of the pro-inflammatory markers IL6,
CCL2, and iNOS in LPS-challenged BV-2 microglial cells
and potently blocked NO production in these microglia cells
[30, 52, 53].

High blood glucose, lack of control of fat and blood pres-
sure, alcohol consumption and even gestational diabetes are
the most important risk factors that cause diabetes-induced
inflammatory eye diseases [54]. Therefore, it is expected that
treatment modalities to improve the risk factors of eye dis-
eases may help to prevent the occurrence of many ocular
complications.

We sought to examine the evidence regarding the use of
saffron and its constituents in age-related macular degenera-
tion (AMD), diabetic retinopathy and glaucoma. We con-
clude that saffron and crocin play an important role in the
inhibition of oxidative stress in more eye diseases. However,
these results have shown that saffron and its constituents
have therapeutic effects on eye disorder with neuroprotective
and antioxidant activity. The efficacy of saffron is based on
experiences, clinical outcomes, including animal testing, and
clinical trials. It looks like that the therapeutic use of herbal
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molecules on ocular treatment could become realistic in the
near future.

LIST OF ABBREVIATIONS

AMD = Age-related Macular Degeneration
BCVA = Best Corrected Visual Acuity
CMT = Central Macular Thickness
CSME = Clinically Significant Macular Edema
fERG = focal Electroretinogram
GSH = Glutathione
1 (0)3 = Intraocular Pressure
MDA = Malondialdehyde
OAG = Open Angle Glaucoma
ROS = Reactive Oxygen Species
SOD = Superoxide Dismutase
VA = Visual Acuity
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