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ABSTRACT

Crocin, the main constituent of Crocus sativus L., protected against inflammation-induced neurotoxicity and improved learning
behavior. Also, crocin inhibited production of inducible nitric oxide synthase. Studies also indicated an interaction between NO and
Formaldehyde (FA) -induced neurotoxicity. In this study, effect of crocin on memory and body weight changes in neurotoxicity induced by
FA was evaluated in a rat model. Moreover, the possible involvement of NO on protective effects of crocin was investigated. FA (5 mg/kg)
was administered intraperitoneally for 5 consecutive days. Effect of crocin post-treatment (25, 50 and 100 mg/kg, i.p.) on FA neurotoxicity
was evaluated on passive avoidance memory. To determine the contribution of NO, a NO synthesis precursor, L-arginine (L-Arg) 100
mg/kg, i.p.; and a nonselective NO synthase inhibitor N (G)-Nitro-L-Arginine Methyl Ester, (L-NAME) (10 mg/kg, i.p.) were used. Then,
the hippocampus was evaluated histologically. FA caused weight loss and increased mortality rate. It also impaired fear memory. On the
contrary, crocin (25 mg/kg, i.p.) reduced mortality rate, weight loss and hippocampal tissue damage induced by FA. Further, it improved
the memory impairment by reducing the latency time and the hippocampus cell loss. Moreover, L-NAME reversed the protective effects
of crocin, nevertheless; L-Arg enhanced the effects of crocin. Pretreatment with crocin protected the central and peripheral damages.
Exogenous NO ameliorated the neuroprotective effect of crocin; as a result, crocin exerted its protective effects through NO up-regulation.

Results of the present study suggest that inhibition of NO synthesis may exaggerate the neurotoxic effects of FA.
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INTRODUCTION

Formaldehyde, HCHO, (FA) is a pungent, irritant and colorless
gas which is found in the nature in domestic air, cigarette smoke and
the polluted atmosphere of cities due to the incomplete burning of
organics, photochemical smog and release from HCHO-containing
products [1,2]. It is a small molecule (M.W. 30.026 g/mol) and is able
to permeate the Blood-Brain Barrier (BBB) [3]. Long term exposure
to FA may cause irreversible neurotoxicity [4] and is related to brain
cancer (astrocytoma) [5]. Its neurotoxicity includes demyelization of
hippocampal neurons [6] and impairment of the hippocampus [7],
neurofilament protein changes [8], hyperphosphorylation of Tau
protein [9]. Excess endogenous FA is a pathogenic factor in aged-
dependent memory decline. Not only suppresses hippocampal Long-
Term Potentiation (LTP) by blocking the N-Methyl-D-Aspartate
(NMDA) receptors, FA also persistently induces spatial memory
deterioration decreasing the receptors expression [10]. Furthermore,
inhaled FA caused behavioral and memory disorders in rats and
classified as ‘probably neurotoxic’ [11,12]. In the limbic system, the
hippocampus plays a critical role in learning and memory [13] and
increasing studies showed that inhaled FA exposure negatively affects
the ability of spatial learning and memory in rats [14,15], suggesting
that FA has harmful effects on the hippocampal functions.

Crocus sativus L. (Saffron) and its active components including
crocin, crocetin etc. act as an antidote in different intoxications
induced by natural toxins including snakebites, mycotoxins and
endotoxins [16]. Crocin, one of main active components of saffron, is
a carotenoid pigment and has the structure of crocetin di-gentiobiose
ester [17]. Crocin exhibits a variety of pharmacological effects
including improvement of learning behavior previously impaired
by ethanol or scopolamine [18,19], anti-hyperlipidemic effect [20],
anti-atherosclerotic property [21], protection against inflammation-
induced neurotoxicity [22], inhibition of reperfusion-induced
oxidative/nitrative injury in the ischemic brain [23] and protective
effects against cisplatin-induced oxidative stress and nephrotoxicity
[24]. Crocin is an effective antioxidant and its gentiobiose terminals
affect its antioxidant performance [25]. Chronic oral crocin
pretreatment (100 mg/kg) improved cognitive performance in Morris
water maze task in Streptozotocin (STZ) -lesioned rats [26].

In addition, C. sativus L. extracts reduced some stress biomarkers
in a rat model [27]. Oral administration of extract of C. sativus L.
(CSE) prevented the impairment of learning in ethanol-treated
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mice [28]. Furthermore, CSE prevented ethanol-induced inhibition
of hippocampal LTP in anesthetized rats [29]. Post-training
administration of CSE successfully counteracted extinction of
recognition memory in the normal rat and pre-training treatment
significantly antagonized the scopolamine-induced performance
deficits in the step-through passive avoidance test [30].

Nitric oxide (NO), a soluble, short-lived, and freely diffusible gas,
is an important intracellular messenger in the brain [31]. Supposedly,
NO participates in the mechanisms of synaptic plasticity in the
hippocampus [32] and is important in cognition [33]. Reportedly,
exceeding NO concentrations is associated with neuronal damage [34]
and mitochondrial dysfunction [35]. Accordingly, the saffron extract
(200, 400 and 800 pg/ml) had a cytotoxic effect on Hepatocellular
Carcinoma Cell Line (HepG-2) and laryngeal carcinoma cell line
(Hep-2) and this effect was probably related to a decrease in the NO
concentration [36]. In the isolated rat heart, cardioprotective effect of
crocin against ischemia/reperfusion injury may possibly be explained
by regulating Endothelial Nitric Oxide Synthase (eNOS) and
Inducible Nitric Oxide Synthase (iNOS) expressions [37]. Crocin also
inhibited iNOS expression and NO production via down-regulation
of nuclear factor kappa B (NF-kB) activity in Lipopolysaccharide
(LPS) -stimulated macrophages. It provided a novel molecular
mechanism for the inhibitory effects of crocin against endotoxin-
mediated inflammation [38]. In another study, crocin protects the
brain against excessive oxidative stress in transient global ischemia
in mice. Oral administration of crocin (20, 10 mg/ kg) significantly
inhibited the increased NO content in a dose-dependent manner and
NOs activities [23].

Regarding the above investigations, in this study, effects of
crocin on some central and peripheral physiological factors such
as, fear memory, hippocampus function and body weight changes
in FA-induced neurotoxicity are evaluated in a rat model. Further,
the possible involvement of NO the modification effects of crocin is
explored.

MATERIALS AND METHODS
Animals

Seventy two adult male Wistar rats (weighing 200-250 g) assigned
as the main study group and forty two rats as the pilot study. The
animals were maintained under controlled temperature (23 + 2°C)
and light conditions (light, 07.00-19.00 hrs) Food (standard pellet
diet) and tap water were supplied ad libitum.
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The pilot study

In order to find the suitable dose for FA administration to
induce neurotoxicity, and also which dose (or doses) of crocin may
probably reduce the FA drawbacks on mortality rate, weight loss and
memory impairment. Fifty four rats were randomly divided into the 9
groups. FA (10 and 5 mg/kg) and crocin (25, 50 and 100 mg/kg) were
administered (i.p.) to five groups. One group only received saline as
vehicle. Three remaining groups received both FA (5 mg/kg) and
crocin at different doses 25, 50 and 100 mg/ in a 3-week period.

Main study’s animal groups

According to the pilot study, FA at dose 5 mg/kg was selected
appropriate to be used throughout the study. Then about 84 intact
rats were divided into 12 groups of 6-8. The rats in group I (n=7)
were used as the control. The rats in group II (n= 7) were injected
intraperitoneally (i.p.) with FA (5 mg/ kg) in 5 consecutive days [39].
Crocin was injected at doses 25, 50 and 100 mg/kg (i.p.) to three
groups. Crocin also was injected at doses 25, 50 and 100 mg/kg (i.p.)
30 min following FA (5 mg/ kg) to 3 other groups [40].

To determine the contribution of NO in crocin reduction in FA-
induced central and peripheral consequences, L-arginine (L-Arg),
NO synthesis precursor (100 mg/kg, i.p.), and a nonselective NO
synthase inhibitor N (G)-Nitro-L-Arginine Methyl Ester (L-NAME)
(10 mg/kg, i.p.) were co-administered 30 min prior crocin treatment
(25 mg/kg, i.p.) Two groups also were received L-Arg and L-NAME
as well as crocin treatment (25 mg/kg, i.p.) with a 30 min interval [41].

Passive shock avoidance test (shuttle box)

The apparatus (shuttle box) consisted of equal sized light and
dark compartments (20 x 80 x 20 cm). The two compartments were
separated by a guillotine door (7 x 9 cm) that could be raised to 10
cm. Floor of the dark compartment consisted of a stainless steel shock
grid floor. Electric shocks were delivered to the grid floor with a
stimulator (50 Hz, 1.5 s, 1.5-2 mA intensity). This test has two stages,
instruction and memory test [42,43].

The passive avoidance test was conducted according to previous
studies [42,44]. In acquisition trail, each rat was placed in the
illuminated compartment, and 10 s later, the guillotine door was
raised and the rats were allowed to move freely into the dark chamber.
Upon entering to the dark compartment, the door was closed, and a
50 Hz, 1 mA constant current shock was applied for 2 s. Each rat was
retrained in the apparatus and received foot-shock, if it entered the
dark compartment in 120 s. Acquisition trail was terminated when
the rat remained in the light compartment for 120 s. In the next step,
the retention trail was screened on the day 15" 24 hrs following the
acquisition trial, by placing the animal into the light compartment and
recording latency to enter the dark compartment. This escape latency
served as a measure of retention performance of the step-through
avoidance response. If the rats did not enter the dark compartment
during 300 s, successful acquisition of passive avoidance response
would be recorded. Short latencies indicate poor retention compared
to significant longer latencies.

Histological assessments

Nissl staining: The day after the behavioral test session (day 11 of
the study), the rats were deeply anesthetized with ether and sacrificed.
The brains have been fixed via transcardial perfusion of Phosphate
Buffered Saline (PBS, 0.1 M, pH 7.4) followed by 200-250 mL para-
formaldehyde solution (1%) [45]. The brains were removed and post-
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fixed by fixative at 4°C for one week, then, dehydrated using a series
of alcohols and xylene. Finally, the paraffin embedded blocks were
prepared and cut coronally on a microtome at a thickness of 8 pm and
mounted onto the silan-coated slides. Before staining, the sections on
the glass slides were deparaffinized and then hydrated using a series of
alcohols and distilled water, and finally stained using Cresyl violet for
general histology. The soma diameter (in pm) of pyramidal neurons
was assessed from the photos taken from CA1 pyramidal layer under
40X light microscopy. To quantify the soma diameters, a pyramidal-
like neuron was randomly selected from pyramidal layer of the CA1l
region from each slice and an average was taken from each neuron’s
long, short, and an intersected oblique axes defined on its soma
using Image J software by an experimenter blind to the experimental
groups [46].

Statistical analysis: Comparisons are performed using by
GraphPad Prism 5. Two-way ANOV A statistical analysis followed by
Bonferroni’s complementary analysis. P-value < 0.05 is considered to
be a significant difference.

RESULTS

Mortality rates of the treated animals in the pilot study are
demonstrated in table 1. The animals were monitored during a
three-week period. It is evident that FA (10 mg/kg, i.p.) cause 100%
mortality rate compared to saline; 83.33% (P < 0.001) in the first
week of the study and the remaining 16.67% in the second week was
perished. As a result, FA was administered in a reduced concentration
5 mg/kg all over the study. Accordingly, FA (5 mg/kg) resulted only
50% mortality rates in the first week compared to saline (P < 0.01).
On the other hand, crocin 50 mg/kg caused 16.66% mortality in the
week, however; crocin at doses 25 and 100 mg/kg did not cause death.
While crocin at doses 50 and 100 caused 50% and 16% mortality in
the FA-received animals (5 mg/kg) in the first week, respectively;
crocin 25 mg/kg successfully eliminated mortality in the FA-received
animals (5 mg/kg) compared to groups which only received FA (5
mg/kg), P < 0.001.

In (figure 1), effects of crocin treatments (25, 50, and 100 mg/kg,
i.p.) on body weight of the animals during 5 days are given. As can be

Table 1: Mortality rates of the animals (n= 6) in the 3-week course of the pilot
study. Mortality percentage = number of death/total number in each group. ***P
<0.001 and ** P < 0.01 significantly different from saline group. ### Significantly
different from formaldehyde (5 mg/kg, i.p.).

Experimental groups Mortality rates no. (%)

week 1 week 2 week 3
Formaldehyde (10 mg/kg) 5(83.33%)*** 1(16.67%) Week 3
Formaldehyde (5 mg/kg) 3 (50%) ** 0 0
Crocin
0 0 0
(25 mg/kg)
Croci
roen 1.(16.66%) 0 0
(50 mg/kg)
Crocin
0 0 0
(100 mg/kg)
Saline 0 0 0
Crocin
(25 mg/kg) + formaldehyde Ot 0 0
(1:9)
Crocin
(50 mg/kg) + formaldehyde 3 (50%) 0 0
(1:9)
Crocin
(100 mg/kg) + formaldehyde 1(16%) 0 0

(1:9)
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observed, crocin at doses 50, and 100 mg/kg lowered the weighs in a
significant manner (P < 0.01) compared to saline-received animals.
This change started from day 3 and continued to day 5. Nevertheless,
crocin (25 mg/kg) did not change the weights and the animals had a
normal weights’ range.

(Figure 2), Effect of crocin (25, 50 and 100 mg/kg, i.p.) post-
treatment on body weights of the FA-induced neurotoxicity rats
during the 5-day period (n= 6). Two-way ANOVA. #(P < 0.01)
significantly different from the vehicle. (P < 0.01) significantly
different from FA.

(Figure 3) demonstrates effect of pretreatment with L-NAME (10
mg/kg, i.p.) and L-Arg (100 mg/kg, i.p.) on body weights of crocin (25
mg/kg, i.p.) treated rats received FA during the 5-day period (n=5)
is illustrated in figure 3. As can be observed, FA significantly reduced
the body weights compared with control on days 4 and 5, P < 0.05
and P < 0.01, respectively. Moreover, L-Arg in combination with
crocin (25 mg/kg, i.p.) decreased the body weights in comparison
with FA from day 2 to day 5, P < 0.05, P < 0.05, P < 0.05 and P < 0.01,
respectively. Conversely, when L-Arg administered in combination
with FA and crocin, it increased the body weight on days 3, 4 and
5, P < 0.05, P < 0.05, and P < 0.05, respectively. On the other hand,
L-NAME in combination with crocin (25 mg/kg, i.p.) increased the
body weights from day 1 to day 3, P < 0.05, P < 0.05, P < 0.05 and P
< 0.05, respectively. However, it reduced the body weight on day 5, P
< 0.05. Similarly, when L-NAME was administered in combination
with FA and crocin, it decreased the body weight on days 3, 4 and 5,
P <0.05, P <0.05, and P < 0.05, respectively.

(Figure 4) presents the latency times of different groups to
entering from the light compartment to the dark compartment on
day 1 of the shuttle box experiment (acquisition response) in passive
avoidance test. Statistical analysis revealed no significant differences
among the groups.

(Figure 5) represents effect of crocin at doses 25, 50 and 100 mg/
kg on the latency times of groups receiving FA to entering from the
light compartment to the dark compartment on day 2 of the shuttle
box experiment (retention response) in passive avoidance test. The
statistical analysis revealed marked differences in FA group compared
with vehicle and the rats entered the dark compartment in a
significantly shorter time (P < 0.05). Conversely, FA groups receiving
crocin 25, 50 and 100 mg/kg did not have any significant difference
compared with vehicle group, however; crocin 25, 50 and 100 mg/

—e— Control
—&— Crocin(50mg/kg)

-4~ Crocin(25mg/kg)
255 - —3¢—Crocin(100mg/kg)
250 o
245 A
240 A

235 -+

Body weight (g)

230 -

225 T T T T d

Days

Figure 1: Changes in the rat's body weighs following crocin administrations
(25, 50 and 100 mg/kg) in a 5-day period (n= 6). Two-way ANOVA. *(P <
0.01) significantly different from saline.
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Figure 2: Effect of crocin (25, 50 and 100 mg/kg, i.p.) post-treatment on body
weights of the FA-induced neurotoxicity rats during the 5-day period (n= 6).
Two-way ANOVA. #(P < 0.01) significantly different from the vehicle. *(P <
0.01) significantly different from FA.

OControl  EAF+LNAME+C25
WFormalin @F+Arg+C25
s % 0 Sal+LNAME+C25
oo B BSaltArg+C25
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o 240
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230
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Figure 3: Effect of pretreatment with L-NAME (10 mg/kg, i.p.) and L-Arg (100
mg/kg, i.p.) on body weights of crocin (25 mg/kg, i.p.) treated rats received
FA during the 5-day period (n= 5). Two-way ANOVA. *(P < 0.01) significantly
different from the vehicle. #(P < 0.01) significantly different from FA.

Crocmn (mgkg)  Crocin (mgkg)+FA  Crocin (25 mgkg) + TA

Cotrol FA 25 50 100 25 50 100 L-Arg L-NAME

Figure 4: The latency times of different groups to entering from the light
compartment to the dark compartment on day 1 of the shuttle box experiment
(acquisition response) in passive avoidance test. No significant difference
was observed.

kg were markedly different from FA group and hade a considerably
higher latencies, P < 0.05.

(Figure 6) is a representative of L-NAME and L-Arg pretreatment
effects on crocin at dose 25 mg/kg on the latency times of groups
receiving FA and crocin or crocin and vehicle in passive avoidance
test to entering from the light compartment to the dark compartment
on day 2 of the experiment (retention response). As can be
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understood, FA group and FA + L-NAME + crocin (25 mg/kg) group
were significantly different from vehicle group and entered the dark
chamber in a lower times. Conversely, the group received L-Arg +
crocin (25 mg/kg), the group received L-NAME + crocin (25 mg/
kg) and the group received FA+ L-Arg + crocin (25 mg/kg) all were
markedly different from FA group and showed considerably higher
latencies.

(Figure 7) illustrates photomicrographs of Nissl staining of
CAl pyramidal neurons in different animal groups. Microscopic
examination showed remarkable morphological details compared
with the control group. Further, Nissl stain showed that the neuronal
morphology was affected after FA treatment for 5 days and there was a
significant confusion and shrink of neuron morphology in FA-treated
group. In fact, FA damaged the entire pyramidal and granular cells
layer. On the other hand, crocin’s post- treatment at different doses
was protective with different degrees. L-Arg pretreatment treatment
also could enhance protective effect of crocin on hippocampal tissue.

DISCUSSION

In the present study, the neural protective effect of crocin was
demonstrated in FA-induced neurotoxicity in male rats. FA in dose

#

Ele + 14

Formalin 10 (mg/kg) [ + + + +
Crocin (mg/kg) - 0 25 50 100

Figure 5: Effect of crocin at doses 25, 50 and 100 mg/kg on latency times
of FA receiving group to enter from the light compartment to the dark
compartment on day 2 of the shuttle box experiment (retention response),
in passive avoidance test. GraphPad Prism 5, Two-way ANOVA statistical
analysis followed by Bonferroni’s complementary analysis.

400 # # #
Z 350 i
§ 300 + + +
B 250
1.;. 200
8 150 . .
£ 100
2 sp
a0 + -
_50 -
FA  10(mg/kg) - + - - + +
Crocin 25(mg/kg) - & + + + +
pretrement Larg L-NAME L-arg  L-NAME

Figure 6: Effect of L-NAME and L-Arg pretreatments on crocin at dose 25
mg/kg on the latency times of groups receiving FA and crocin or crocin and
vehicle to entering from the light compartment to the dark compartment on
day 2 of the shuttle box experiment (retention response) in passive avoidance
test. GraphPad Prism 5, Two-way ANOVA statistical analysis followed by
Bonferroni’'s complementary analysis. *P<0.05 significantly different from
vehicle-received rats. # significantly different from FA-received rats.
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20 mg/kg proved toxic and lethal for the animals and virtually, 100%
of the animals were lost during the 3-weeks course of the pilot study.
So that, FA 10 mg/kg with 50 % mortality rate, was injected to the
rats in the “main study” groups as the effective dose. In addition, the
mortality rate was markedly decreased upon crocin treatment (25
mg/kg). Moreover, crocin (25 mg/kg) considerably reversed the fetal
effect of FA 10 mg/kg. In the main study (5 days), while, crocin in dose
25 mg/kg increased the body weight, crocin in high doses (50 and
100, mg/kg) decreased the body weights. The animals receiving crocin
(25 mg/kg) not only had a normal weights’ range, but also did not
show any mortality. While L-NAME pretreatment in combination
with crocin could reverse the protective effect of crocin (25 mg/kg)
on weight loss, L-Arg in combination with crocin could cause weight
modification. In behavioral passive avoidance test, no significant
changes were observed between groups in acquisition step. On the
other hand, while FA group showed considerably lower latencies
compared with control, crocin pretreatments influenced the latency
times in the retention step in comparison to FA and the animals had
significantly higher latency times. On the whole, the pathologic data
were in accordance with behavioral outcomes.

Virtually, consistent with our investigation, clinical abnormalities,
significant mortality and body weight loss were observed in the 40
ppm groups in B6C3F1 mice exposed to chronic FA vapor. Inhalation
exposures to 10, 20, and 40 ppm of FA vapor induced histologic
lesions in the upper respiratory system and concentrations of 40 ppm
were lethal [47]. Also, the Intracerebroventricular (I.C.V.) injection
of FA in rats impaired the function of learning and memory and
increased the formation of apoptosis and lipid peroxidation in the
hippocampus. Moreover, FA exposure inhibited the expression
of cystathionine B-synthase, the major enzyme responsible for
Endogenous Hydrogen Sulfide (H2S) generation in the hippocampus
of rats [48]. Although we administered FA through i.p. route, its toxic
effects were observed in the memory, vitality, the body weight and the
hippocampus tissue of the animals. Male Balb/c mice were exposed
to gaseous FA for 7 days (8 h/d) with (0, 0.5 and 3.0 mg/m) and the
toxicity of FA on mouse nervous system was related to NO/cGMP
and cAMP signaling pathways [49].

In a clinical study, saffron extract administered at one dose had
body weight reducing and satiating effects in mildly overweight
healthy women [50]. In line with our study, effects of saffron and
crocin on some metabolic factors such as body weights were shown.
In one experiment, saffron extract (25, 50, 100, 200 mg/kg, p.o.) had
anti-obesity and anorectic effects in obese Wistar rats. Their results
suggested that chronic saffron and crocin reduce the body weight,
food intake and blood leptin levels significantly. Crocin (5, 15, 30,
50 mg/kg, p.o.) may be one of the active constituents involved in the
effects of saffron [51]. Saffron extract (40 and 80 mg/kg) significantly
decreased food consumption in obese rats. Crocin (80 mg/kg) showed
a significant decrease on rate of body weight gain, total fat pad and
weight ratio of epididymal fat to body. Furthermore, crocin (80 mg/
kg) significantly reduced plasma levels of Triacylglycerol (TG) and
total cholesterol (TC) [52]. Similarly, oral chronic saftron extract (25,
50, 100, 200 mg/kg) and crocin (5, 15, 30, 50 mg/kg) significantly
reduced body weight, food intake and leptin levels in obese Wistar
rats [51]. In our study, crocin at high doses (50 and 100 mg/kg, i.p.)
decreased the body weights, however; at low dose (25 mg/kg, i.p.) it
could enhance the animal’s weights.
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Figure 7: Photomicrograph of a Nissl (crystal-violet) stained section of preserved tissue from the hippocampus area (CA1 pyramidal neurons).

(A) Control

(a), (b) FA treated. (B) different treatments consisting of (a) crocin 25 mg/kg + L-Arg + saline, (b) crocin 25 mg/kg + L-Arg + FA, (c) crocin 50 mg/kg + saline,
(d) crocin 50 mg/kg + FA, (e) crocin 25 mg/kg + L-NAME + saline, (f) crocin 25 mg/kg + L-NAME + FA, (g) crocin 100 mg/kg + saline and (h) crocin 100 mg/kg
+ FA. Shrunk and darkly stained pyramidal neurons are remarkable in Ab and Bd, Bf and Bh.

Protective effects of carotenoids from saffron on neuronal cell
damage in rodent models were investigated and crocin was the most
potent antioxidant that combats ischemic stress-induced neuron
death by increasing glutathione levels [53,23]. Moreover, saffron
extract improved impairments of learning behaviors in mice, and
prevented ethanol-induced inhibition of hippocampal Long-Term
Potentiation (LTP), a form of activity-dependent synaptic plasticity
that may underlie learning and memory. This effect of saffron was
attributed to crocin [18].

Recently, the protective effect of chronic oral crocin (100 mg/
kg, p.0.) against i.c.v. STZ-induced oxidative damage in rat striatum
has been shown [54]. The active constituents of saffron, crocin and
crocetin markedly suppressed LPS-induced nitrite release and
reactive oxygen species production from rat microglial cells. Crocin
and crocetin considerably reduced the production of some pro-
inflammatory molecules in the culture media of primary microglia
[22]. Furthermore, treatment with crocins (30 mg/kg and 15 mg/kg,
i.p.) attenuated scopolamine (0.2 mg/kg)-induced spatial memory
performance deficits in rat [19].

C. sativus L. extract (150 and 450 mg/kg, i.p.) attenuated
morphine-induced memory impairment on passive avoidance
learning in mice [55]. In an animal study, chronic restraint stress (6 h/
day) rats that received saffron extract (30 mg/kg) or crocin (15 and 30
mg/kg) had significantly higher levels of lipid peroxidation products,
higher activities of antioxidant enzymes and lower total antioxidant
reactivity capacity [56].

The results of our study suggest that crocin post-treatment may
prevent FA-induced neuronal damage in the hippocampus and
restores weight loss in NO-dependent manner
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CONCLUSION

Crocin, active constituents of saffron extract, might be useful as
a treatment for neurodegenerative disorders associated with memory
impairment such as Alzheimer’s disease. These observations indicate
that crocin may prevent the impairment of learning and memory as
well as the oxidative stress damage to the hippocampus induced by
chronic stress. Thus, it may be useful in pharmacological alleviation of
cognitive deficits. Nevertheless, further study is needed to strengthen
these outcomes.
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