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Objective(s): The neurodegeneration and loss of memory function are common consequences of aging.
Medicinal plants have potent protective effects against chronicneurodegenerative diseases. The aim of
this study was to investigate the beneficial effects and molecular mechanisms of crocin on brain

function in D-galactose (D-gal)-induced aging model in rats.
Materials and Methods: Male Wistar rats weighing 220 + 20 gwere randomly divided into sixgroups:

Accepted: Aug 10,2017 control, D-gal (400 mg/kg, SC), D-gal (400 mg/kg) plus crocin (7.5, 15, 30 mg/kg, IP) and crocin alone

at dose of 30 mg/kg for 8 weeks. The neuroprotective effects of crocin were evaluated by Morris water

Keywords: . maze, determination of malondialdehyde (MDA) levels and Western blotanalysis.
Ad"_ance_ glycation product Results: Crocin significantly inhibited the neurotoxic effects of D-gal through improvement of spatial
Brain aging learning and memory functions as well as the reduction of MDA levels. It was also found that

Crocin administration of crocin up-regulated pAkt/Akt and pErk/Erk ratio which were decreased by chronic

D-galactose D-gal treatment. In addition, the elevated level of carboxymethyl lysine (CML), as an advance glycation

Inflammation product (AGE), NF-xB p65, TNFa and IL1 significantly decreased in crocin treated rats compared to
D-gal group.
CO%IC%;OI}I)Z These findings suggest that crocin is able to enhance memory function in D-gal aging
model through anti-glycative and anti-oxidative properties which finally can suppress brain
inflammatory mediators (IL-1, TNF and NF-xB) formations and increase PI3K/Akt and Erk/MAPK
pathways activity. Therefore, crocin can be considered as healthcare product to prevent age-related
brain diseases such as Alzheimer.
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AGEs are created in the complex processes of
glycation and oxidation (4). AGEs interaction with
the receptor of AGEs (RAGE), a multi ligand receptor,
starts AGEs-related molecular damages. AGE-RAGE
interaction leads to ROS elevation and alteration the
activity of mitogen-activated protein kinase (MAPK)
(5), Janus kinase (JNK) (6) and Rho- Guanine triphos-
phatases (Rho-GTPases) (7) which triggers nuclear
factor kappa B (NF-kB) expression (8). NF-kappa B
has an important role in developing inflammatory
responses and tissue damages through increasing
pro-inflammatory cytokines, induction of oxidative
stress and apoptosis (9).

The activation of the AGE/RAGE pathway in brain
tissue and neuronal cells has a critical role in
enhancing oxidative stress (10). In D-galactose (D-
gal) treated rats the brain level of glycative products
and ROS significantly increased which elevated the
expression of inflammatory markers such as
cyclooxygenase-2 (COX-2), interleukin-1beta (IL-1p),
interleukin-6, tumor necrosis factor-alpha (TNF-a)
and prostaglandin E2 (PGE2) (11). D-gal injection
in mice induced disturbance in learning and memory

Recently because of prolonged life span, aging
process is the main purpose of literatures to find
its related mechanisms. Aging is a gradual and
progressive process that decreases the functions of
several organs. Alzheimer disease (AD) with loss of
memory and learning ability is the most common
neurodegenerative disorder in elderly (1). The main
approved mechanism of brain aging is oxidative
stress and vulnerability to reactive oxygen species
(ROS) accumulation (2). Also, many studies have
shown the critical roles of advanced glycation end
products (AGEs) in induction of AD process. AGEs
participate in the AD progression by elevation of
ROS production and inflammatory responses (3).
These heterogeneous compounds are formed under
excessive glucose or specific diets throughout several
reactions that Millard reaction is the most common
pathway. The Millard and same reactions induce
dicarbonyl compounds, which finally produce stable
irreversible products called AGEs. Pentosidine
and N-(carboxymethyl) lysine (CML) as predominant

*Corresponding author: Hossein Hosseinzadeh. Department of Pharmacodynamics and Toxicology, School of Pharmacy, Mashhad University of Medical
Sciences, Mashhad, Iran. Tel: +98-51-38819042; Fax: +98-51-38823251; email: hosseinzadehh@mums.ac.ir


http://dx.doi.org/10.22038/ijbms.2017.9541
mailto:hosseinzadehh@mums.ac.ir

Anti-aging effects of crocin

1)) MS

Heidari etal.

performance, increased malondialdehyde (MDA)
level, nitric oxide production, inducible nitric
oxide synthase activity, and decreased glutathione
(GSH) content, superoxide dismutase (SOD) and
glutathione peroxidase (GPx) activities in the brain
tissue due to phosphatidylinositol 3-kinase (PI3K)
and protein kinase B (Akt) genes down regulation
(1). Additionally, it has been found that D-gal
induced learning and memory impairment through
reduction of phospho Erk1/2 (pErk 1/2) expression
in hippocampus (12). It has been proved that
activation of extracellular-signal-regulated kinase 1
and 2/ mitogen-activated protein kinases (Erk/MAPK)
and Akt/PI3K signaling pathways protected neurons
against age-related and drug-induced damages (13).

Crocin is a yellow carotenoid which is usually
extracted from Crocus sativus L.stigmas (saffron)
and Gardenia jasminoides fruits (14). Saffron was
used for a long time as food colorant and multi-
functional drug in the folk medicine for antispasmodic,
expectorant, stomachic, aphrodisiac and emmenagogue
properties (15). The main constituents of saffron
are picrocrocin (bitter principles), safranal (volatile
agents), crocetin and its glycoside crocin (dye
materials) (16). Pharmacological effects of crocin have
been shown in the several novel studies, including
anticancer (17, 18), anti-depression (19, 20), anti-
anxiety (21), anti-inflammatory (22), memory improve-
ment (23-25), anti-Parkinson (26), anti-diabetic, anti-
glycative (27) and hepatoprotective (28-29) effects.
The protective effects of crocin have been proved in
the central nervous system (CNS) with the abundant
animal and human studies (30). In our previous
study, crocin attenuated acrolein-induced tau hyper
phosphorylation and oxidative stress in rat cerebral
cortex via modulating MAPKs signaling pathways
(31). According to different memory impairment
models, the impacts of crocin on memory enhance-
ment might be related to the antioxidant, anti-
hyperglycemic, anti-hypoinsulinemic properties of
this compound (32-34). In addition, beta amyloid
induced-memory deficit was inhibited via anti-
apoptotic and anti-oxidative effects of crocin (35).
Therefore, in the current study, we evaluated the
protective effects of crocin in D-gal-induced aging
model in rats. The molecular mechanisms of aging
through formation of glycation products, induction of
oxidative stress and alteration of MAPK/Akt/NF-kB
signaling pathway were considered.

Materials

D-gal (99% purity), 2-Thiobarbituric acid (TBA)
and 5, 5’-dithiobis-(2- nitrobenzoic acid) (DTNB)
were purchased from Sigma. Rabbit polyclonal
CML antibody and nuclear extraction kit were
purchased from Abcam. Mouse monoclonal beta
actin and phospho-p44/42 MAPK (pErk1/2), rabbit
monoclonal NF-xB p65, Akt, phospho Akt p44/42
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MAPK (Erk1/2) and antirabbit IgG labeled with
horseradish peroxidase were purchased from Cell
Signaling. Polyvinylidene fluoride (PVDF) membrane
was provided from Bio-Rad.

Crocin extraction

Crocin crystals were extracted and purified from
saffron stigmas (purchased from Novin Saffron, Ghaen,
Khorasan province, Northeast of Iran), in accordance to
the crystallization method as previously described (36).

Animal and experimental design

Male Wistar rats, 220£20 g were housed in colony
rooms with 12/12 hr light/dark cycle at 21+2 °C and
had free access to food and water. All animal
experiments were done according to Mashhad
University of Medical Sciences, Ethical Committee
Acts. In order to induce brain aging and memory
impairment, animal were exposed to D-gal (400
mg/kg/day) subcutaneous (SC) for 56 days. For our
study, rats were randomly divided into 6 groups
(n=5 in each group) and treatments were done as
follows:

1) Control, Normal saline

2) D-gal 400 mg/kg/day SC (37-38)

3) D-gal 400 mg/kg/day + crocin 7.5 mg/kg/day

intraperitoneal (IP)

4) D-gal 400 mg/kg/day + crocin 15 mg/ kg/day IP

5) D-gal 400 mg/kg/day + crocin 30 mg/kg/day IP

6) Crocin 30 mg/kg/day IP

At the end of 56 days treatment period, after
behavioral examination, rats were euthanized and
hippocampi were dissected. Brain samples were snap-
frozen inliquid nitrogen and stored at -80 °C until use.

Morris water maze

The acquisition and retention of memory were
evaluated using Morris water maze. The water maze
apparatus (136 cm in diameter and 60 cm in height)
was filled to a depth of 25 cm with 22 +1 °C water. The
pool was divided into four equal quadrants, northeast
(NE), northwest (NW), southeast (SE), southwest (SW),
with an invisible platform (13 cm in diameter, 2 cm
below the water surface) in the center of the NW
quadrant. Spatial learning was tested from day 51 to 55
with 4 trials a day. The animals were forced to swim to
find the hidden platform starting from the 4 different
quadrants during the test. The rats were artificially
guided to the hidden platform if they could notfind itin
60 sec. They were allowed to spend 20 sec on the
platform. Swimming activity was monitored using a
video camera mounted overhead. The latency time and
traveled distance to escape onto the hidden platform
were recorded by video tracking software. Memory
retention was evaluated by a probe trial on day 56. In
the probe trial, the platform was removed from the
water maze apparatus and the animal was allowed to
swim freely in the pool for 60 sec. The swim speed and
the time spent in the NW quadrant, where the platform
was previously located, were recorded (39).
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Measurement of lipid peroxidation

MDA level as a marker of lipid peroxidation was
measured in hippocampus of rat. MDA reacts with
thiobarbituric acid (TBA), as a thiobarbituric acid
reactive substance (TBARS), to induce a pink colored
complex. The maximum absorbance of complex is at
532 nm. Briefly, 3 ml phosphoric acid (1%), 1 ml TBA
(0.6%) and 0.5 ml of brain tissue homogenate 10% in
KCl were mixed and heated for 45 min in a boiling
water bath. After cooling, 4 ml of n-butanol was added
to the mixture and vortex-mixed for 1 min followed by
centrifugation at 3000 g for 10 min. The organic layers
were transferred to a fresh tube and absorbance
was recorded by spectrophotometer (Jenway 6105
uv/vis, UK) at 532 nm (40). MDA levels were measured
through standard curve, using malondialdehyde tetra -
butylammonium and expressed as nmol /gtissue.

Western blot

The total proteins were extracted from rat's
hippocampus using lysis buffer containing 50 mM
Tris-HCl (pH: 7.4), 2 mM EDTA, 2 mM EGTA, 10 mM
NaF, 1 mM sodium orthovanadate (Na3V04), 10 mM
B glycerophosphate, 0.2% W/V sodium deoxycholate,
1 mM phenylmethylsulfonyl fluoride (PMSF), and
complete protease inhibitor cocktail. Nuclear proteins
were extracted with a nuclear extraction kit accor-
ding to the instructions. Protein concentrations were
analyzed using Bio-Rad protein assay. Samples were
separated by 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis and 15% SDS
which was used for CML protein. Then samples
transferred to polyvinylidene fluoride membranes by
electrophoretic transfer. After that, blots were
blocked in 5% non-fat milk (in 5% BSA for pErk and
pAkt) in tris buffered saline with Tween 20 (TBST)
for 2 hr (1 hr block for CML, pErk and pAkt) at room
temperature. Membranes were incubated with
the primary antibodies at 1000-fold dilutions anti-
TNFa (6671 Abcam), anti-IL1B antibody (9722
Abcam), anti-NF-xB p65 (#4764 Cell Signaling),
anti-Erk (1/2) antibody (#9102 Cell Signaling),
anti-Akt antibody (#9272 Cell Signaling), anti-pAkt
antibody (#9271 Cell Signaling), anti-B-actin (#3700
Cell Signaling) and anti-lamin B1 (#12586 Cell
Signaling) for 2 hr at room temperature. The incubation
properties for anti-CML (ab27684) were at 4 °C over-
night. After repeated wash, immunoblots were in -
cubated with Horseradish-peroxidase conjugated anti-
rabbit antibody (#7074 Cell Signaling) and anti-mouse
antibody (#7076 Cell Signaling) at 1:3000 dilutions 90
min at room temperature. Finally, protein bands were
detected by enhance in chemiluminescnces (ECL)
reagent and Alliance 4.7 Geldoc (UK). Quantified
densitometric analysis performed using UVtec software
(UK) and results were normalized to (-actin and lamin
B1(41).

Statistical analysis

The results were expressed as mean * SD.
Statistical analyses were performed with ANOVA
followed by Tukey-Kramer test to compare the
differences between the means. Differences were
considered statistically significant when P<0.05.

Crocin treatment reduced memory impairment
induced by D-gal in rat

Morris water maze (MVM) test was performed to
evaluate the spatial learning and memory ability of
rats. As shown inFigure 1A, the escape latency
declined progressively during the five training days.
The D-gal-treated rats spent longer period in finding
the platform than the control group especially
in the fourth and fifth days (P<0.05 and P<0.001,
respectively). Treatment of rats with different
doses of crocin (7.5, 15 and 30 mg/kg) significantly
reduced the escape latency compared with D-gal
group on the fifth day (P<0.001). In the sixth day on
probe trial, the time spent in the target quadrant
(hidden platform location) was shown in Figure 1B.
D-gal treated rats spent less time (P<0.05) in the
target quadrant as compared to the control group. In
the crocin treated rats (15 and 30 mg/kg), the probe
trial test showed a significant increase in the time
spent in the target quadrant compared with D-gal
group (P<0.001 and P<0.05, respectively). These
results revealed that D-gal treatment had significant
cognitive impairments and crocin has potent
memory enhancement. Figures 1C and 1D show the
mean swimming speeds of different groups of
treated rats during the training days and probe
day, respectively. There were no significant
differences in swimming speeds between all groups
(control, D-gal, D-gal+crocin, crocin). Also, swim
paths in probe trial day (Figure 1E), show retention
of memory that represented with more time
spending and crossing over the target quadrant. D-
gal group spent less time in target quadrant in
comparison to the control or crocin (15 and 30
mg/kg) treated groups.

Crocin treatment reduced the level of MDA which
elevated by D-gal

Alterations in the oxidative stress of rat hippocam-
pus were investigated by measuring MDA formation.
D-gal treatment increased significantly thelevel of MDA
in comparison to control group (P<0.001). Crocin (7.5
and 30 mg/kg) decreased MDA formation significantly
when injected with D-gal (P<0.01 and P<0.05,
respectively) (Figure 2).
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Figure 1. Spatial learning and memory of Wistar rats were evaluated by the Morris water maze. (A) D-gal treatment caused taking more time to
learn the hidden platform position compared with the control group (# P<0.05 and ### P<0.001). After administration of crocin, the rats showed
learning improvement during 5 days of training significantly in the fifth day compare to D-gal group (*** P<0.001). (B) Treatment with crocin also
compensated the defects of time spending in target quadrant caused by D-gal (## P<0.01 vs control, ** P<0.001 and *P<0.05vs D-gal group). (C)
and (D) there were no differences in swim speed between control groupand any of the treated groups (P>0.05), calculated inthe training daysand
probe day, respectively. (E) Swim traces in probe test. Data are expressed as means+SD and were analyzed through one-way ANOVA coupled with
Tukey-Kramer multiple comparisons test (n=5)
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Figure 2. Changes in the malondialdehyde (MDA) levels of rat's hippocampus. All values are expressed as mean+SD, n=5. ### P<0.01 vs
control group, **P<0.01 and *P<0.05 vs D-gal treated rats
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Figure 3. Expressions of carboxymethyl lysine (CML) protein in the hippocampus of rats. (A) Western blots of CML protein. (B) The
quantitative protein levels of CML. Data are expressed as the mean * SD of four separate experiments. #P< .05 vs. control, *P<0.05,

**P<0.01 vs. D-gal treated rats
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Figure 4. The activity of Erk 1/2 is presented in the four separate experiments. (A) Western blots of total Erk 1/2 and pErk 1/2 proteins.
(B) Theratio of pErk/Erk was determined from density analysis of the bands. Data are expressed as the mean#SD. # P<0.05 vs. control,

*#%P<0.001 and ****P<0.0001 vs. D-gal treated rats

Anti-glyction activity of crocin on CML formation
induced through D-gal treatment

The level of CML, as a most abundant AGE
was determined by Western blot analysis in rat
hippocampus. The results showed that D-gal treatment
significantly increased CML formation when compared to
control group (P<0.05). The CML expression significantly
decreased in the crocin treated rats as compare to D-gal
group (P<0.05).

Crocin improved Akt and Erk activities suppression
induced by D-gal
PI3K/AKT and MAPK/Erk pathways promote cell survival
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and proliferation. Western blot analysis showed D-gal
treatment decreased pErk/Erk ratio in comparison to
control (P<0.05). Crocin treatment significantly increased
MAPK activity through the elevation of pErk/Erk ratio
(P<0.001) (Figure 4). Also, the pAkt/Ak ratio in the
hippocampus of D-gal treated rats was less than control
(P<0.01), while administration of crocin markedly elevated
phosphorylation of Akt protein (P< 0.0001 vs D-gal group)
(Figure 5).
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Figure 5. The activity of Aktis presented in the four separate experiments. (A) Western blots of total Akt and pAktproteins. (B) The ratio
of pAkt/Akt was determined from density analysis of the bands. Data are expressed as the mean+SD. ## P<0.01 vs. control, ****P<0.0001

and ****P<0.0001 vs. D-gal treated rats
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Figure 6. Expressions of nuclear NF-xB protein in the hippocampus of rats. (A) Western blots of NF-«B protein. (B) The quantitative
protein levels of NF-«B. Data are expressed as the mean + SD of four separate experiments. #P<0.05 vs. control and **P<0.01 vs. D-gal

treated rats

Anti-inflammatory activity of crocin on IL-1p,
TNFa and nuclear NF-kB p65 formation induced
through D-gal treatment

NFkB-p65 a subunit of NF-kappa-B transcription
complex plays a critical role in the inflammatory
responses and cell survival. Pro-inflammatory cytokines,
TNFa and IL-18 are both activators and transcriptional
targets of NF-kB. As shown in Figure 6, a high dose
treatment of rats with D-gal (400 mg/kg) for 56 days
significantly increased nuclear NF-kB p65 expression in
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comparison to control group (P<0.05). Administration of
crocin (30 mg/kg) decreased NF-kB p65 protein level
in rat hippocampus (P<0.01 vs D-gal group).
Additionally, IL-1 and TNFa expression in the
hippocampus of D-gal treated rats markedly elevated
(P<0.01 and P<0.05 vs control, respectively) (Figure 7
and 8). Crocin treatment significantly decreased IL-13
and TNFa formations in comparison to D-gal-treated
animals (P<0.01 and P<0.05, respectively).
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Figure 7. Expressions of TNFa protein in the hippocampus of rats. (A) Western blots of TNFa protein. (B) The quantitative protein level sof
TNFa. Data are expressed as the mean * SD of four separate experiments. # P<0.05 vs. control and *P<0.05 vs. D-gal treated rats
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Figure 8. Expressions of IL-1f3 protein in the hippocampus of rats. (A) Western blots of IL-1f protein. (B) The quantitative protein levels of
[L-1. Data are expressed as the mean+SD of four separate experiments. ## P<0.01 vs. control and **P<0.01 vs. D-gal treated rats
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Figure 9. Proposed Schematic mechanism of crocin against D-gal neurotoxicity. This diagram shows possible mechanisms of crocin on
synaptic plasticity, which prevented memory impairment, through MAPK and Aktpathways activationin D-gal induced aging rat model. In
addition, crocin decreases ROS induction, AGEs formation and neuroinflammation

Aging is a slow and gradual biological process,
associated with multiple physiological and pathological
changes including formation of AGEs and free radicals
damage (42-43). Due to the multifactorial nature of
aging, various theories have been proposed that the
glycation and glycoxidation hypothesis of aging are the
main factors in aging process (44). Brainaging induced
by high dose of D-gal treatment is a well-known model
for studying age-related oxidative damages and
memory disorders such as Alzheimer. D-gal induces
aging through the formation of ROS and AGEs (45, 46).
This study investigated the protective effects of crocin
against aging model induced by D-gal on cognitive
function of Wistar rats and its molecular mechanisms.
Our data proved that crocin as the main constitute of
saffron, has potent improving effects on neurotoxicity
of D-gal.

A long time spending to find the hidden platform
during the five retrieval trial days in the MVM test
indicates the impairment of learning memory. Reten-
tion memory impairment presented as less time spen-
ding in the target quadrant (hidden platform location)
in the last day (39). The data presented above agree
with other studies which showed the disability of
senescent rats (56 days injection of 400 mg/kg D-gal) in
the acquisition of information and retention of acquired
memory (46). In several research projects have shown
the protective effects of crocin on memory impairment
induced by different models (24, 47). According to our
data, chronic administration of different doses of crocin
reduced memory decay induced by D-gal. The analysis
of speeds shows that chronic D-gal and crocin
treatment did not affect motor or physical activity.

Oxidative stress is a major hypothesis in the
induction and progression of neural degeneration (48).
Generally age-related oxidative stress is due to the
production of free radicals or oxidative agents,
reduction of antioxidant agent and impairment the
repair of oxidative damages (49). Many reports have
shown chronic administration of D-gal leads to
significant increase of free radicals and neuronal
damages in the animal brain (50, 51). MDA level is an
important marker of lipid peroxidation under oxidative
conditions (52). In the current study, senescent rats
induced by D-gal showed a significant elevation in the
level of MDA in the hippocampus. Since crocin has
obvious antioxidant properties (53), MDA levels
induced by D-gal significantly decreased in the crocin-
treated rats. This is due to the facts that saffron and
crocin are able to reduce ROS and corticosterone
response. These two mechanisms decrease the need for
antioxidant enzymes (47).

It has been reported that chronic administration of
high dose of D-gal increases oxidative stress directly or
via activation of AGE/RAGE pathway (10). The
existence of higher AGEs levels associates with
neuronal aging and cognitive decline in the senescence
adults (54). According to investigations, it has
concluded that AGEs formation occurs under both
excess glucose existing and oxidative conditions.
Whereas, AGE-RAGE interaction increases intracellular
oxidative stress via activation of nicotinamide adenine
dinucleotide phosphate-oxidase (NADPH oxidase),
which produces superoxide (55). In the current study,
CML expression was higher in hippocampus of D-gal
treated rats than untreated group. Crocin (30
mg/kg/day) could prevent AGE formation induced by
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D-gal administration. Many research projects
reported that the antiglyctive activity of saffron and
its active constituent is due to reduction in glucose
levels via elevation of insulin sensitivity. Therefore,
the suppression of AGEs formation leads to decrease
in lipid peroxidation and oxidative stress (56).

Mitogen-activated protein kinases (MAPKs)
play distinct roles in proliferation, differentiation,
and neuronal viability. Erk 1/2 activity, a member of
the mitogen-activated MAPK family, decreased in the
hippocampus, frontal cortex and striatum of aging
rats (57). One of the underlying mechanisms of
oxidative stress in the impairment of brain function
is through the suppression of Erk phosphorylation
(58). In addition, the activity of the Phosphatidyl -
inositol 3-kinase (PI3K)/Akt pathway has been
implicated in hippocampal synaptic plasticity and
cell survival (59). In the several research studies,
it has been demonstrated that amyloid beta-induced
apoptosis in Alzheimer’s disease through the inactive-
tion of Akt and Erk1/2 (60, 61). According to few
previous studies, chronic treatment with high dose of
D-gal significantly diminished brain pAkt and pErk
1/2 expression because of excessive oxidative stress
formation (1, 12). The present study showed that
crocin carotenoid not only elevated pAkt and pErk
1/2 levels, but also significantly decreased nuclear
NF-kB expression compare to D-gal treated rats.

The accumulation of AGEs molecules such as CML
and pentosidine and oxidative stress in the brain
aging induced by D-gal activates NF-«kB formation.
It is well known that the transcriptional activity
of NF-«B starts the pathological cascade, which
finally increases ROS formation and stimulates
pro-inflammatory cytokines such as TNF-alpha and
interleukin IL-1f (11, 55). Generally, inflammatory
processes in the brain increase the development
of Alzheimer's disease (62). In addition, pro-inflamma-
tory mediators like IL-1, lipopolysaccharides (LPS),
and TNF activate NF-kB formation and cause its
translocation from the cytoplasm to the nucleus cells to
start transcriptional activity (63). All of inflammatory
mediators (IL-1, TNF and NF-xB) which activated
through chronic treatment with D-gal significantly
decreased in hippocampus of crocin treated rats.

In summary, our results demonstrated that crocin
attenuated D-gal-induced memory impairment and
synaptic dysfunction, through decreasing ROS and
AGEs formation. The inhibitory effects of crocin
on oxidative stress may activate MAPK and Akt
signaling pathways. On the other hand, crocin finally
modulate NF-KB, IL-1, TNF and other signaling
molecules during inflammation and neurodegenera -
tion in the hippocampus of D-gal treated rats. The
suggested mechanism about the neuroprotective
effects of crocin against D-gal-induced memory
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dysfunction, neuroinflammation, and neurodegenera
tion are shown in Figure 9.
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