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Introduction

Stressful events are considered as one of the most envi-
ronmental factors that can alter organism’s activity. Stress 
can interact with several body functions by activation of 
the nervous as well as the endocrine systems (McEwen, 
2006, 2007, 2008, 2009). Studies concerned with the 
effects of stress reveal that stress hormones that release 
during stress are among the important mediators of 
stress influence (Lupien et al., 2009). It is now clear that 
chronic stress can influence the function and morphology 

of the cells in different parts of body including adrenal 
medulla (McEwen, 2007), as well as several parts of the 
nervous system (Hunter et al., 2007; Johnson et al., 2009). 
However, protection of the body against stress can also 
reduce damage induced by stress. In this regard, studies 
have indicated that glucocorticoid hormones including 
cortisol and corticosterone are the main mediators for 
stress-induced tissue damage and other unwanted effects 
of stress (McEwen, 2008). Accordingly, if we can inhibit 
the release of glucocorticoid hormones during chronic 
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Context: Saffron extract can inhibit the metabolic disorders induced by stress but the mechanism of action of saffron 
extract in the central nervous system is not clear.
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stress, then we can inhibit the unwanted effects of stress 
as well. It is now clear that the synthesis of glucocorticoid 
hormones in the adrenal cortex is under the influence of 
µ, κ, and σ opioids and N-methyl-d-aspartate (NMDA) 
glutamatergic receptors (Iyengar et al., 1990). So, inhibi-
tion of these receptors may lead to a reduction of corti-
costerone and cortisol release from the adrenal gland 
during stress.

Crocus sativus L. (Iridaceae), commonly known as 
saffron, has been used as a food ingredient for several 
centuries. The plant was used as an aphrodisiac, anti-
spasmodic, and expectorant in folk medicine (Abdullaev, 
1993; Abdullaev & Espinosa-Aguirre, 2004). In modern 
medicine, antimicrobial (Aung et al., 2007) and anti-
cancer (Aung et al., 2007; Das et al., 2009; Dhar et al., 
2009) effects have been described for its extract. It is 
now clear that saffron water or alcohol extracts may 
have anti-anxiety (Pitsikas et al., 2008; Hosseinzadeh & 
Noraei, 2009) and antidepressant effects (Akhondzadeh 
et al., 2004; Moshiri et al., 2006; Akhondzadeh Basti et al., 
2007). Moreover, the extract can improve the signs of 
Alzheimer’s disease (Akhondzadeh et al., 2010).

However, despite of comprehensive studies regarding 
the effects of saffron extract on neuronal function such 
as memory improvement (Abe & Saito, 2000; Pitsikas & 
Sakellaridis, 2006), it is not clear if the saffron water extract 
can inhibit side effects of stress or not. These experiments 
were conducted to determine the effects of saffron water 
extract on metabolic and behavioral effects of stress.

Material and methods

Animals
Male Wistar rats (W: 235 ± 15 g; Pasture Institute, Tehran, 
Iran) were used in the present experiments (n = 6–9/each 
experiment). The animals were kept four per cage with 
12/12 h dark and light cycle and free ad libitum access to 
food and water except during the experiments. During 
the experiments, animals were kept one per cage for food 
and water consumption recording. All experiments were 
conducted in accordance with standard ethical guide-
lines and approved by Baqyiatallah University of Medical 
Sciences Committee on the Use and Care of Animals 
(86/14, March 12, 2008).

Plant material
The saffron used in this study was donated by Talakaran-
E-Mazraeh Agricultural Co. (Torbat Heydarieh, Khorasan, 
Iran). The plant was authenticated by Mohammad 
Kamalinejad (Department of Pharmacognosy, Faculty 
of Pharmacy, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran) and a voucher specimen coded 
P-408 has been deposited at the herbarium of Department 
of Pharmacognosy, Faculty of Pharmacy, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. The flower 
stigma was used for extraction. The stigma’s extract was 
prepared as follows: 25 g of dried and milled stigmas 
were extracted with 250 mL distilled water by maceration 

procedure. The extract was dried by evaporation in tem-
perature 35°C. The yield of extraction was 6 g of freeze-
dried powder for 25 g of the dry stigma. The extract was 
dissolved in normal saline and was immediately admin-
istered intraperitoneally (i.p.) to the animals expressed 
as milligrams of extract per kilogram body weight. The 
method of Hooseinzadeh and Noraei (2009) was used for 
safranal in saffron extract with modifications. Safranal 
percentage of the extract was calculated as 15.5% and 
the extract dose used in these experiments was standard-
ized according to its safranal content. Safranal (Fluka 
Chemical Co., Germany) was also dissolved in normal 
saline and used immediately after preparation.

Stress induction procedure
Stress was applied to the animals using an apparatus 
explained in detail by Rosales et al. (2002), with modifi-
cations. In brief, the communication box (Borj-e-Sanat 
Co., Tehran, Iran) consists of nine distinct compartment 
(16 × 16 cm), made by plexiglas with eight holes (2-mm 
diameter) in their contact sides allowing receiving visual, 
olfactory, and auditory cues. The compartment floor was 
equipped by stainless steel rods (4-mm diameter) placed 
1.3 cm apart. The rods were attached to the generator 
(Borj-e-Sanat Co., Tehran, Iran) that was controlled by a 
PC and produced an electrical current of 0.1 mA to gener-
ate an electric foot shock for 10 sec.

Experimental design
Electro foot shock was applied during light period 
(10:00–11:00). In brief, each animal was transferred to 
the experimental room 1 h before the experiments were 
begun for environmental adaptation. Then the stressed 
animals were placed in the compartments individually 
and 30 min later an electro foot shock was applied. After 
electro foot shock termination, the animals were left in 
the compartment for additional 30 min and then they 
removed to their home cages. Controls were just placed in 
the compartment for 60 min without any foot shock. Each 
animal was randomly assigned stressed or control groups. 
After stress period termination, animals were kept in their 
home cages four per cage for additional 14 days. On 21st 
day, the animals were transferred to the stress box with-
out any foot shock application and their response to the 
stress-experienced environment was recorded by a video 
camera. Several dopamine-related behaviors including 
sniffing, rearing, and locomotion were considered to be 
analyzed off-line. In addition, metabolic factors includ-
ing animal’s weight, food, and water intake, the anorexic 
time (the time elapsed by the animals to start eating chow 
when they returned to their cages), and plasma corticos-
terone level were also recorded.

Blood sampling
Blood samples were taken from retroorbital sinus (0.5 mL 
of the blood in 0.5 mL sodium citrate 1%) between 12:00 
and 12:30. The samples were centrifuged in 2500 rpm for 
5 min in 4°C and the supernatant serum was collected for 
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corticosterone detection. Corticosterone concentration 
was determined by ELISA kit (Rat Corticosterone ELISA 
kit; EIA-4164; DRG Instruments GmbH, Germany) in 
450 nm.

Dopamine-related behaviors evaluation
The behavior of each animal was digitally recorded by 
a video camera for a period of 10 min. The records were 
later analyzed off-line by a person who was not familiar 
to the experiments. Dopamine-related behaviors, includ-
ing sniffing, rearing, and locomotion, were distinguished 
(Fedele et al., 1998).

Surgical procedures
Rats were anesthetized with ketamine hydrochloride 
(70 mg/kg, i.p.) + xylazine (10 mg/kg, i.p.) and one or two 
stainless steel cannulas (23-gauge) were placed stereo-
taxically (Stoelting instruments, Wood Dale, IL) into the 
basolateral amygdala (BLA). Stainless steel, 23-gauge 
guide cannulas were implanted bilaterally 0.5 mm above 
the intended site of injection according to the atlas of 
Paxinos and Watson (1987). Stereotaxic coordinates for 
the BLA were incisor bar (−3.3 mm), −2.56 mm anterior 
to the bregma, ±4.1 mm lateral to the sagittal suture, and 
7 mm down from top of the skull. The lengths of the can-
nulas were considered in the way that the tips of the can-
nulas were placed 0.5 mm above the amygdala. Cannulas 
were secured to jewelers’ screws with dental acrylic. 
After completing the surgery, a dummy inner cannula 
was inserted into the guide cannula and left in place until 
injections were made. The length of the dummy cannula 
matched whit the guide cannula. Animals were allowed 
7 days to recover from surgery and anesthesia. For drug 
infusion, the animals were gently restrained by hand; 
the stylets were removed from the guide cannulas and 
replaced by 29-gauge injection needles (0.5 mm below 
the tip of the guide cannula). The solutions were slowly 
administered in a total volume of 1 µL/rat (0.5 µL in each 
side) over a period of 60 sec. Injection needles were left 
in place for an additional 60 sec to facilitate diffusion of 
the drugs.

Histology
After the completion of testing, all animals were anes-
thetized and received a transcardiac perfusion with 0.9% 
normal saline followed by 10% buffered formalin. The 
brains were removed, blocked, and cut coronally in 40 µm 
sections through the cannula placements. The tissues 
were stained with cresyl violet and were examined by light 
microscopy by an unfamiliar observer to the behavioral 
data. Only the animals with correct cannula placements 
were included in the data analysis (Figure 1).

Statistical analysis
Data are shown as mean ± SEM. In order to test the 
hypothesis, one-way analysis of variance (one-way 
ANOVA) and Tukey’s post hoc test were used. Differences 
P < 0.05 were considered statistically significant.

Results

Plasma corticosterone level after stress application in 
the rats treated with saffron water extract and safranal
The effects of saffron water extract and safranal on 
stress-induced blood corticosterone level elevation is 
shown in Figure 2. As it is shown in the figure, stress can 
increase plasma corticosterone level in the control group. 
However, intraperitoneal administration of saffron water 
extract or safranal could abolish stress-induced corticos-
terone plasma level elevation [F(6, 49) = 22.03, P < 0.0001] 
(Figure 2).

On the other hand, intra-amygdala administration 
of both saffron extract and safranal did not inhibit the 
effects of stress [F(6, 49) = 1.09, P > 0.05] (Figure 3).

Effects of intraperitoneal and intra-amygdala saffron 
water extract and safranal on the stress-induced 
anorexia
After each session when the animals were returned to 
their home cages, the time elapsed for initiation of food 
consumption was recorded. Our data indicated that the 
control group needed more time for initiation of food 
intake [F(6, 49) = 19.23, P < 0.0001] (Figure 4).

Anorexic time did not differ in the groups that received 
intra-amygdala administration of saffron extract and 
safranal [F(6, 49) = 0.35, P > 0.05] (Figure 5).

Effects of intraperitoneal and intra-amygdala saffron 
water extract and safranal on the stress-induced 
change in dopamine-related behaviors
Table 1 shows that dopamine-related behaviors were 
also changed in the stressed group. Intraperitoneal injec-
tions of the saffron water extract completely inhibit these 
behaviors. For sniffing: [F(6, 49) = 12.76, P < 0.0001], for 
rearing: [F(6, 49) = 18.3, P < 0.0001], for locomotion: [F(6, 
49) = 12.15, P < 0.001], for coping time: [F(6, 49) = 12.31, 
P < 0.0001] (Table 1).

However, intra-amygdala administration of the extract 
did not change the sniffing, rearing, locomotion, and 

Figure 1. Location of cannula tips in the amygdala of animals 
used in the dose-response studies and experiments involving 
transient inhibition. Symbol (□) indicates where the cannula tips 
were placed in the amygdala. 
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coping time in the animals. For sniffing: [F(6, 49) = 0.09, 
P > 0.05], for rearing: [F(6, 49) = 1.1, P > 0.05], for loco-
motion: [F(6, 49) = 1.05, P > 0.05], for coping time: [F(6, 
49) = 1.011, P > 0.05] (Table 2).

Similarly, intraperitoneal injections of safranal inhibit 
sniffing, rearing, locomotion, and coping time in the ani-
mals after exposure to stress. For sniffing: [F(6, 49) = 12.76, 
P < 0.0001], for rearing: [F(6, 49) = 18.3, P < 0.0001], for 

locomotion: [F(6, 49) = 12.35, P < 0.0001], for coping time: 
[F(6, 49) = 12.31, P < 0.0001] (Table 3).

However, intra-amygdala administration of safranal 
did not change the sniffing, rearing, locomotion and 
coping time in the animals. For sniffing: [F(6, 49) = 0.09, 
P > 0.05], for rearing: [F(6, 49) = 1.1, P > 0.05], for loco-
motion: [F(6, 49) = 1.05, P > 0.05], for coping time: [F(6, 
49) = 1.011, P > 0.05] (Table 4).
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Discussion

Our present data revealed an important role for saffron 
water extract and safranal—as an important constituent 
of saffron extract—on amelioration of both metabolic 
and behavioral signs of stress.

The present data are in agreement with previous 
studies, which have shown that stress can induce corti-
costerone release from the adrenal gland in the rodents 
(McEwen, 2006, 2007). Studies have shown that cor-
ticosterone plasma level increases in response to the 
stressful events in rodents and HPA axis is responsible 
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for hormone increment (McEwen, 2008, 2009). The same 
mechanism can be considered for response observed in 
our experiments as well. In addition, our data show that 
stress can induce anorexia in the animals as it is shown 
by increasing the time for beginning of food intake after 
termination of stress, for example, anorexic time. In 
accordance with our finding, other investigators also 
insist that stress can induce anorexia both in human 
and animals (Morley et al., 1981; Adam & Epel, 2007). 
However, it is generally accepted that stress can induce 
a response that originates from hypothalamus, passes 

through pituitary gland, and terminates in adrenal gland, 
an axis that is called HPA axis (McEwen, 2008). The 
corticotropin-releasing factor (CRF) released from hypo-
thalamus has been considered as the main responsible 
element for anorexia during stress (Koob, 2008; McEwen, 
2009), which may be the responsible element in our 
experiments as well. In this direction, our data also show 
that food intake and weight gain decrease in the stressed 
animals. The observed signs can be attributed to the 
anorexia induced by stress and the same mechanism(s) 
may also be involved in this issue. Moreover, the present 

Table 1. Effects of intraperitoneal administration of saffron water extract on dopamine-related behaviors modified by foot shock stress in 
rats.

Behavior Groups
Copping time  

(sec)
Locomotion  

(counts/10 min)
Rearing  

(counts/10 min)
Sniffing  

(counts/10 min)
Non-stressed 41.5 ± 3.22 35 ± 2.5 34 ± 3.22 68 ± 8
Stressed 241 ± 31*** 3 ± 0.5*** 3 ± 1*** 6.25 ± 2***
Extract (1 mg/kg) 24 ± 2.6 3.25 ± 1 41 ± 5.3 73 ± 12
Extract (5 mg/kg) 26 ± 4 4.33 ± 1.7 39 ± 12 58 ± 8
Extract (10 mg/kg) 51 ± 4 5 ± 1 39.8 ± 3 56 ± 8.9
Sniffing, rearing and locomotion was decreased in stressed rats treated by saline and were increased when the animals pretreated by 
saffron extract. In contrast, coping time was decreased. Data shown as mean ± SEM for 8/9 rats. ***p < 0.001 different from non-stressed 
group.

Table 2. Effects of intra-amygdala administration of saffron water extract on dopamine-related behaviors modified by foot shock stress in 
rats.

Behavior Groups
Copping time  

(sec)
Locomotion  

(counts/10 min)
Rearing  

(counts/10 min)
Sniffing  

(counts/10 min)
Non-stressed 42 ± 5.3*** 36.34 ± 2.3*** 38.1 ± 2.01*** 65.35 ± 10.5***
Stressed 217.2 ± 17.45 4.21 ± 1.03 6.75 ± 1.03 9.34 ± 1.25
Extract (1 µg/rat) 287 ± 42.1 5.12 ± 0.891 9.51 ± 1.32 7.95 ± 1.42
Extract (5 µg/rat) 231 ± 17.3 4.87 ± 0.543 5.21 ± 1.31 7.09 ± 1.02
Extract (10 µg/rat) 212.5 ± 13.24 5.126 ± 0.454 5.1 ± 0.2 9.88 ± 1.75
Sniffing, rearing and locomotion were decreased in stressed rats treated by saline, saffron extract or safranal. In addition, coping time 
also was increased in these animals. Data shown as mean ± SEM for 6/8 rats. ***p < 0.001 different from non-stressed group.

Table 3. Effects of intraperitoneal administration of safranal on dopamine-related behaviors modified by foot shock stress in rats.

Behavior Groups
Copping time  

(sec)
Locomotion  

(counts/10 min)
Rearing  

(counts/10 min)
Sniffing 

(counts/10 min)
Non-stressed 41.5 ± 3.22 35 ± 2.5 34 ± 3.22 68 ± 8
Stressed 241 ± 31*** 3 ± 0.5*** 3 ± 1*** 6.25 ± 2***
Safranal (1 mg/kg) 34 ± 4 4.64 ± 1 45 ± 6.12 67.89 ± 8.1
Safranal (5 mg/kg) 31.2 ± 3.65 5.11 ± 2.1 41.2 ± 9.8 61.211 ± 6.54
Safranal (10 mg/kg) 48.33 ± 3.54 6.34 ± 1.21 43.12 ± 4.23 63.42 ± 7.65
Sniffing, rearing and locomotion was decreased in stressed rats treated by saline and were increased when the animals pretreated by 
saffron extract. In contrast, coping time was decreased. Data shown as mean ± SEM for 8/9 rats. ***p < 0.001 different from non-stressed 
group.

Table 4. Effects of intra-amygdala administration of safranal on dopamine-related behaviors modified by foot shock stress in rats.

Behavior Groups
Copping time  

(sec)
Locomotion  

(counts/10 min)
Rearing  

(counts/10 min)
Sniffing 

(counts/10 min)
Non-stressed 42 ± 5.3*** 36.34 ± 2.3*** 38.1 ± 2.01*** 65.35 ± 10.5***
Stressed 217.2 ± 17.45 4.21 ± 1.03 6.75 ± 1.03 9.34 ± 1.25
Safranal (1 µg/rat) 212.32 ± 23.2 4.32 ± 1.65 8.1 ± 2.12 9.32 ± 2.01
Safranal (5 µg/rat) 198.6 ± 21.3 3.45 ± 0.9 7.65 ± 2.1 6.56 ± 1.02
Safranal (10 µg/rat) 200.15 ± 21.3 4.23 ± 1.04 6.54 ± 1.2 7.658 ± 2.1
Sniffing, rearing and locomotion were decreased in stressed rats treated by saline, saffron extract or safranal. In addition, coping time 
also was increased in these animals. Data shown as mean ± SEM for 6/8 rats. ***p < 0.001 different from non-stressed group.
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data showed that dopamine-related behaviors includ-
ing sniffing, rearing, locomotion, and coping time were 
also changed in stressed animals. Dopamine-related 
behaviors are among the important signs of stress initi-
ated from several parts of the central nervous system 
(CNS) including amygdala, nucleus accumbens, ventral 
tegmental area, and prefrontal cortex, which collectively 
called the brain stress system (Koob, 2008; Radley et al., 
2008; McEwen, 2009; Roozendaal et al., 2009). The exact 
mechanism(s) that underlies these behaviors is not fully 
understood but several studies indicated that alteration 
in brain glutamate neurotransmission may be the cause 
of changes observed (Hunter et al., 2007; McEwen, 2008). 
These alterations are thought to be mediated by corticos-
terone level increment after stress (Lupien et al., 2009; 
McEwen, 2009; Yuen et al., 2009).

Our data showed that intraperitoneal pretreatment 
with saffron water extract and safranal can inhibit all 
of the signs observed in the stressed animals. It is an 
interesting finding showing that saffron extract may be 
a useful tool for reduction of both metabolic and behav-
ioral stress side effects. The effects of saffron extract on 
several functions of CNS including learning and mem-
ory improvement (Pitsikas & Sakellaridis, 2006; Pitsikas 
et al., 2007), reduction of anxiety signs (Pitsikas et al., 
2008; Hosseinzadeh & Noraei, 2009), improvement of 
depression (Rios et al., 1996; Schmidt et al., 2007), and 
Alzheimer’s disease (Akhondzadeh et al., 2010) have 
been indicated in previous studies in human and ani-
mal models. In addition, data exist showed that saffron 
extract can inhibit sigma opioid and NMDA glutamate 
receptors in vivo (Lechtenberg et al., 2008). Moreover, 
it is now clear that the extract can reduce DNA damage 
and histone H1 function (Lai and Roy, 2004), which may 
indicate its anticancer properties. Inhibition of stress-
induced corticosterone release in the animals receiving 
different doses of saffron extract and/or safranal indi-
cates that the extract or one of its constituents (probably 
safranal?) can interact with a part (or all parts?) of the 
HPA axis and inhibit its function, which reduces corticos-
terone release from adrenal gland as a result. In this way, 
Lechtenberg and colleagues (2008) showed that saffron 
extract can inhibit NMDA glutamate and sigma opioid 
receptors in the rat. In addition, some investigators have 
shown that regulation of opioid receptors plays a key 
role in regulation of corticosterone release from adrenal 
gland (Iyengar et al., 1990). It is likely that the extract may 
inhibit corticosterone release by such mechanism. On 
the other hand, the inhibition of stress-induced anorexia 
indicates that the effect of extract is more likely to be a 
central than just is a peripheral interaction. Studies indi-
cated that activation of HPA axis during stress leads to a 
CRF release, which in fact reduces appetite to food in the 
animals and human (Koob, 2008). Inhibition of stress-
induced anorexia by the extract means that activity of 
HPA axis is reduced under extract influence and prob-
ably reduction of CRF release as a result. However, the 
exact mechanism that is responsible for this inhibition 

is not clear and needs more experiments. In this regard, 
animals weight gain and food intake were improved in 
the extract and safranal-treated animals, which further 
explained the role of these agents on anorexia induced 
by stress. The effects observed from safranal may indi-
cate that safranal is an active component of the saffron 
extract in reduction of metabolic and behavioral side 
effects observed in the present study.

In the next part of experiments, we observed that 
 dopamine-related behaviors that were among the func-
tional indicators for mesolimbic dopamine system were 
altered in the animals pretreated with saffron extract and 
safranal. This data further indicated that the effects of 
saffron extract and safranal may at least partially mediate 
in the CNS. Dopamine-related behaviors have been pos-
tulated to be changed during stress (Fedele et al., 1998). 
These changes are the manifestations of the effects of 
CRF, polyopiomelanocortin (POMC), and corticosterone 
released during stress from the hypothalamus, pituitary, 
and adrenal gland, respectively (Koob, 2008). As pro-
posed above, the extract can interact with glutamate and 
opioid receptors in the brain and one can conclude that 
the interaction of the extract with these receptors may 
be the cause of reduction of stress-induced dopamine-
related behaviors changes in our experiments. However, 
more experiments are needed for further clear-cut clari-
fication of the effect of the extract on stress.

Finally, our study showed that intra-amygdala injec-
tions of the extract and/or safranal cannot inhibit the 
metabolic or behavioral side effects of the stress in the 
rats. These findings may indicate that amygdala is not 
the site of action of the extract and safranal in reduc-
tion of stress side effects. Previous studies have shown 
that amygdala plays a central role in mediation of brain 
response to stress (McEwen, 2009). However, despite of 
extensive investigations indicating the role of different 
parts of amygdala in integration of response to stress, our 
results showed that intra-amygdaloid complex injections 
of safranal and water extract of saffron could not inhibit 
the alterations in dopamine-related behaviors including 
rearing, sniffing, coping, and locomotion induced by 
stress. So, one can conclude that the amygdala did not 
share in the extract and safranal effects on stress amelio-
ration; we proposed that the other possible sites within 
the CNS (such as hippocampus) must be considered for 
investigation in this regard in future. It must be noted 
that intra-amygdala injections of the saffron extract 
and/or safranal might led to some behavioral and/or 
biochemical changes; however, we did not observe any 
behavioral changes after intra-amygdala injections of 
the saffron extract and/or safranal but we suggested that 
biochemical changes must also be checked in future 
experiments.

In conclusion, it is clear from the present study that the 
water extract of saffron and safranal can inhibit both the 
metabolic and behavioral effects of the foot shock stress 
in the rats when injected intraperitoneally but not intra-
amygdala. The effects observed may be due to interaction 
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of the extract and safranal with possibly NMDA and opi-
oid receptors located both in the CNS and peripheral.
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