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Introduction: The lack of social communication is associated with the primary risk of 
proper brain functions. It is reported that crocin helps relieve this problem. The present study 
examined the protective effect of two doses of crocin on Long-term potentiation (LTP) of 
hippocampal cornu ammonis 1 (CA1) area as a cellular mechanism in rats exposed to chronic 
social isolated stress.

Methods: Rats were assigned to the control, sham, isolation stress, and two stress groups 
(receiving 30 and 60 mg/kg crocin). Chronic isolation stress (CIS) was induced 6 h/d, and 
crocin was administrated for 21 days. The field excitatory postsynaptic potential (fEPSP) slope 
and amplitude were measured by input/output functions and LTP induction in the CA1 area of 
the hippocampus. Also, the corticosterone and glucose levels were assayed in the hippocampus 
and frontal cortex.

Results: The slope and amplitude of fEPSP severity were impaired in both input/output and 
LTP responses in the CIS group. Crocin at a dose of 30 and particularly 60 mg/kg improved 
input/output and LTP responses in the CIS group. Also, the corticosterone levels significantly 
increased in the frontal cortex and especially the hippocampus. In contrast, only a high dose of 
crocin decreased hippocampal corticosterone levels in the CIS condition. Finally, the glucose 
levels did not change in the hippocampus and frontal cortex in all experimental groups. 

Conclusion: The chronic isolation stress impaired neural excitability and Long-term plasticity 
in the CA1 area due to elevated corticosterone in the hippocampus and probably the frontal 
cortex. The low and high doses of crocin improved excitability and Long-term plasticity in the 
chronic isolation stress group by only decreasing corticosterone levels in the hippocampus, but 
not the frontal cortex. 
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1. Introduction

rain functions are sensitive to alterations 
in environmental factors (Friederici, 2006; 
Grossman, Churchill, McKinney, Kodish, 
Otte, & Greenough, 2003) such as stress-
ful conditions and daily usage of some 
supplementary materials, including vari-
ous herbal plants (Dashti-R, Zeinali, An-

vari, & Hosseini, 2012). Stress affects the endocrine and 
nervous systems (Figueiredo, Bodie, Tauchi, Dolgas, 
& Herman, 2003). It mainly affects neural, hormonal, 
and biochemical mechanisms for brain functions such 
as memory processing (Kosten, Kim, & Lee., 2012). 
For instance, stress changes the hypothalamic-pituitary-
adrenal (HPA) axis activity (Ranjbar, Radahmadi, Alaei, 
Reisi, & Karimi, 2016). On the other hand, the hippo-
campus and frontal cortex are two main memory regions 
in the brain. 

Memory impairments can be caused by changes in the 
hippocampus and frontal cortex functions via alterations 
of stress mediators under emotionally stressful condi-
tions (Holtzer et al., 2017; Hosseini Dastgerdi, Radah-
madi, & Pourshanazari, 2021; Mao, Huang, Zhong, 
Xian, & Ip, 2014). Therefore, the HPA axis affects Long-
term potentiation (LTP) as a significant type of synap-
tic plasticity via glucocorticoid secretion (Cazakoff & 

Howland, 2010; MacDougall & Howland, 2013; Mrdalj 
et al., 2013) and glucose levels (as another critical mem-
ory and stress mediator) in a different region of the brain 
(Nugent et al., 2013; Persson, Sim, Virding, Onishchen-
ko, Schulte, & Ingelman-Sundberg, 2014; Radahmadi et 
al., 2017). High glucose levels in the frontal cortex and 
hippocampus damage these structures and their involved 
neurotransmitters in LTP (Detka et al., 2015).

Some herbal plants have been suggested to enhance 
brain functions (Persson, Sim, Virding, Onishchenko, 
Schulte, & Ingelman-Sundberg, 2016). These herbal 
plants are usually available  and have low side effects on 
humans (Bandegi, Rashidy-Pour, Vafaei, & Ghadrdoost, 
2014). It is worth noting that the cognitive capacity and 
function of the nervous system can be affected by the 
positive saffron (Crocus sativus) effects and its practi-
cal components, such as crocin, through biochemical 
changes in the body (Bandegi et al., 2014; Papandreou, 
Tsachaki, Efthimiopoulos, Cordopatis, P., Lamari, & 
Margarity, 2011; Rajabian, Hosseini, Hosseini, & Sade-
ghnia, 2019; Roustazade, Radahmadi, & Yazdani, 2022). 

Nowadays, many people are involved in social isola-
tion stress that was already indicated as intense stress 
(Marčinko, Jakovljević, Jakšić, Bjedov, & Mindoljević 
Drakulić, 2020). Social isolation can induce memory 
deficits (Wood, Dudchenko, Robitsek, & Eichenbaum, 

Highlights 

● Neuronal excitability and long-term plasticity of CA1 were impaired by chronic isolation stress.

● The memory was protected by low and particularly high doses of crocin in the chronic isolation stress condition. 

● Crocin decreased the corticosterone levels in hippocampus, but not frontal cortex.

Plain Language Summary 

The lack of social communication (isolation stress) is associated with the primary risk of brain functions. On the other 
hand, crocin as one of effective components of saffron is helpful for improvement of memory. Therefore, the protec-
tive effect of two doses of crocin on cellular mechanism of memory in rats exposed to chronic social isolated stress 
was investigated in present study. Chronic isolation stress (CIS) was induced 6h/day, and crocin was administrated for 
a period of 21 days at two doses of 30 and 60 mg/kg. The electrophysiological and cellular mechanism of memory 
in the CA1 area of the hippocampus were investigated. Also, the corticosterone and glucose levels were assayed in 
the hippocampus and frontal cortex. It was concluded that the chronic isolation stress impaired neural excitability and 
long-term plasticity in the CA1 area due to elevated corticosterone in the hippocampus and probably the frontal cortex. 
The low and high doses of crocin improved excitability and long-term plasticity in the chronic isolation stress group 
by only decreasing corticosterone levels in the hippocampus, but not the frontal cortex. Also, the corticosterone levels 
significantly increased in the frontal cortex and especially the hippocampus. Also, the glucose levels did not change in 
the hippocampus and frontal cortex in all experimental groups. 
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2000) and predispose people to severe disorders such as 
Alzheimer disease (Rothman & Mattson, 2010). Also, 
social isolation stress is a risk factor for mortality inde-
pendent of health behavior (Cacioppo et al., 2015). The 
various stressors affect the physiologic system via differ-
ences in the type and even time of stress (Radahmadi 
et al., 2017). Therefore, there may need to be additional 
treatment protocols against various stresses. Although 
some research has been performed on the multiple as-
pects of crocin, there are no available reports on the ef-
fect of chronic isolation stress on some cellular mecha-
nisms of memory and its effective biochemical factors 
in memory regions of the brain. The present study ex-
amined the protective effect of crocin ( at two doses) on 
input/output functions and LTP of hippocampal CA1 
area, as a cellular mechanism, and two memory media-
tors (levels of glucose and corticosterone in the frontal 
cortex and hippocampus) in rats exposed to chronic so-
cial isolated stress.

2. Materials and Methods

Study animals

All experiments were performed on 40 male Wistar rats 
(250-300 g) obtained from the Pasteur Institute, Tehran, 
Iran. The rats were housed under controlled light condi-
tions (12/12 h light/dark; lights on between 07:00 and 
19:00) and humidity (50%±5%). The animal’s room 
temperature was 23±2°C. Water and food were avail-
able ad libitum. The Ethics Committee of Animal Use 
at the Isfahan University of Medical Sciences approved 
the study (Code: IR.MUI.REC.1394.3.934). The rats 
were randomly divided into five groups (n=8 in each 
group): (control group (Co); rats did not receive special 
treatment for 21 days), (sham group (Sh); rats received 
saline as a drug vehicle during 21 days), (chronic isola-
tion stress (CIS); rats maintained individual housing for 
6 h/d for 21 days), and chronic isolation stress-crocin 30 
group (CIS-Cr30) and chronic isolation stress-crocin 60 
group (CIS-Cr60)

Experimental procedures

Drugs

The intraperitoneally (IP) injection of 30 and 60 mg/kg 
of crocin, a critical component of saffron (Sigma Com-
pany, the USA), dissolved in sterile normal saline and in-
jected for 21 days. The sham group received only equal 
volumes of sterile normal saline (Khani, Radahmadi, 
Alaei, & Jafari,, 2018).

Induction of chronic isolation stress

To induce chronic isolation stress, the rats were kept 
in individual cages 6 hours a day (8:00 to 14:00) alone 
and without any other neighbors for 21 consecutive days 
(Khani et al., 2018). Then, they were placed back in their 
communal home cage. 

Surgical procedures 

Input/output functions (neural excitability) and LTP 
(Long-term plasticity) were investigated in the present 
study. The rats were anesthetized with urethane (1.5 g/
kg; Sigma Company, America; IP) dissolved in normal 
saline (on day 22). Sometimes an extra urethane dose 
(about 0.2 g/kg) was injected. Then, their heads were 
fixed to a stereotaxic apparatus (Stoelting Co., USA). 
Also, body temperature was maintained at 36.5°C±0.5°C 
with a suitable pad and covered during the experiment to 
record better signals.

Two small holes were drilled on the exposed skull for 
the stimulating and recording electrodes site to induce 
input/output functions and LTP. A bipolar stainless steel 
stimulating electrode with 0.125 mm diameter (Advent 
Co., UK) was placed in the Schaffer collateral (Sch) path-
way (anterior-posterior=−4.2 mm; medial-lateral=3.8 
mm; dorsal-ventral=2.3–2.7 mm). Also, a stainless-steel 
recording electrode was lowered into the CA1 area (ante-
rior-posterior=−3.4 mm; medial-lateral=1.5 mm; dorsal-
ventral=4.4−5.1 mm; at an angle of 52.5 degrees). The 
electrodes were lowered very slowly to the brain (at 2 
mm/min) to minimize the brain tissue trauma. Finally, the 
electrophysiological and histological standards are used 
to determine the correct location of the electrodes.

Electrophysiological study

Input/Output functions and LTP induction 

The electrophysiological recording (in-vivo input/out-
put functions and LTP) procedures from the hippocam-
pal CA1 area were based on Hosseini Dastgerdi, et al. 
(2021) study in urethane-anesthetized rats (Dastgerdi, 
Radahmadi, & Reisi, 2020). Therefore, following stimu-
lation of the Sch collateral pathway, extracellularly-
evoked responses were obtained in this study. Extracel-
lular field potentials were amplified and filtered (×1000 
and 1-3000 Hz bandpass, respectively). Signals were 
passed through an analog to digital interface (Science 
Beam-D3111, Iran) into a computer, and then all data 
were analyzed using custom software (eProbe software). 
For evaluating the synaptic potency, input/output (I/O) 

Khani, F., et al. (2022). Crocin and Long-term Potentiation in Chronic Isolation Stress. BCN, 13(2), 165-174

http://bcn.iums.ac.ir/
https://onlinelibrary.wiley.com/doi/abs/10.1111/nmo.14084
https://www.scielo.br/j/bjmbr/a/3LJ3GxF4PBCQxBrsHkkvdJG/abstract/?lang=en


Basic and Clinical

168

March, April 2022 Volume 13, Number 2

or stimulus-response functions were acquired by system-
atic variation (1000-1000 μA) of the stimulus current be-
fore induction of LTP. 

The LTP indicates activity-dependent synaptic plas-
ticity that may underlie brain function (learning and 
memory) (Heo, Kim, Shin, Kim, Kim, & Shin, 2004). 
To determine any changes in the synaptic response of 
the CA1 neurons, some baseline recordings were taken 
30 min before LTP induction and 120 min after that. LTP 
was induced using high-frequency stimuli (HFS) proto-
cols of 100 Hz (4 bursts of 50 stimuli, 0.15 ms archive 
stimulus duration, 10 s inter-burst interval). However, all 
potentials employed as the baseline and high-frequency 
stimuli were evoked at an intensity that produced 50% 
of the maximal field excitatory postsynaptic potential 
(fEPSP) (Dehghani & Reisi, 2015).

Assessment of hippocampal and frontal cortical 
corticosterone and glucose levels 

On day 22 of the experiments, the animals were sacri-
ficed from 14:00 to 16:00 in deep anesthesia by decapita-
tion. Then, their brains were instantly removed from the 
skull. The hemi-frontal cortex and the hemi-hippocam-
pus were immediately dissected on dry ice, subsequently 
immersed in the ProBlock™-50, EDTA-free (Gold 
Bio Co., USA), and a phosphate buffer solution (0.01 
M, pH=7.4), separately. This solution contained a com-
plete protease inhibitor cocktail (Dastgerdi, Radahmadi, 
Pourshanazari, & Dastgerdi, 2017). The frontal cortex 
and hippocampus were homogenized and centrifuged 
in a cooled centrifuge (4°C, 10000 g) for about 20 min. 
Then, the supernatant of these tissues was collected and 
stored at −80°C until the assessment was used to assess 
levels. Also, the frontal cortical and hippocampal glu-
cose and corticosterone levels were measured by the glu-
cose oxidase (Pars Azmun Co., Tehran, Iran) and ELISA 
methods (Zellbio Co., Marburg, Germany), respectively.

Statistical analysis

All biochemical data were analyzed by 1-way analysis 
of variance followed by Tukey’s post hoc test between 
groups. Data from I/O and induction and maintenance of 
LTP were analyzed statistically using the repeated mea-
sures analysis of variance followed by Tukey’s post hoc 
test. All data were reported as Means±SEM. P-values 
less than 0.05 were statistically considered significant.

3. Results

None of the data showed significant differences be-
tween the Co and the Sh groups, indicating that the in-
jection did not show significant changes in all variables. 
Therefore, all comparisons were performed with the 
control group.

Electrophysiological results

Input/Output functions 

The slope and amplitude of the I/O curve had signifi-
cant decreases in the CIS group compared to the Co group 
(both P<0.05) (Figure 1A and 1B). It indicated that chron-
ic isolation stress reduced the CA1 area responsiveness.

In Figure 1, parts A and B, the slope and amplitude 
of fEPSP showed significant enhancements in the CIS-
Cr30 and CIS-Cr60 groups compared with the CIS 
group (P<0.01 in slope and amplitude of CIS-Cr30 and 
P<0.001 in those of CIS-Cr60).

LTP responses

The fEPSP slope and amplitude in the CIS group after 
LTP induction had significant (in both P<0.001) reduc-
tions compared to the Co group, indicating chronic isola-
tion stress caused a weaker induction of LTP in the CA1 
hippocampus (Figure 2A, 2B).

As shown in Figure 2, parts A and B, the fEPSP slope 
and amplitude after LTP induction significantly in-
creased in the CIS-Cr30 and CIS-Cr60 groups compared 
to the CIS group (P<0.001 in slope and amplitude).

Assessment of hippocampal and frontal cortical 
corticosterone levels 

As shown in Figure 3, the hippocampal and frontal 
cortical corticosterone levels significantly increased in 
the CIS group compared with the Co ones (P<0.01 and 
P<0.05, respectively). Also, only the hippocampal cor-
ticosterone level significantly (P<0.05) decreased in the 
CIS-Cr60 group compared to the CIS group (Figure 3). 

Assessment of hippocampal and frontal cortical 
glucose levels

As shown in Figure 4, parts A and B, the hippocampal 
and frontal cortical glucose levels did not show signifi-
cant (P>0.05) changes in chronic isolation stress and 
crocin-receiving groups compared to the Co group.
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4. Discussion 

This study investigated the effects of crocin at doses of 
30 and 60 mg/kg on electrophysiological responses (by 
input/output and LTP induction) and two memory indi-
cators, including the glucose and corticosterone levels in 
the frontal cortex and hippocampus for evaluating neural 
excitability and plasticity or memory in rats exposed to 
chronic social isolated stress.

According to the current findings, chronic isolation 
stress severity impaired neural excitability and Long-

term potentiation (as a cellular memory mechanism) in 
the CA1 area. Also, chronic isolation stress increased the 
corticosterone levels in both the frontal cortex and hip-
pocampus, whereas the glucose levels did not change in 
these regions. In this way, some previous reports demon-
strated the role of stress on excitability impairments and 
Long-term plasticity deficit in other hippocampal areas 
(Artola, 2008; Radahmadi, Hosseini, & Nasimi, 2014; 
Sun et al., 2020) and even with other types of stress 
(Hosseini Dastgerdi et al., 2021). Moreover, different 
factors affect brain functions in stress conditions, such 
as the severity, period and pattern, and nature of stress-

Figure 1. Results are reported as Means±SEM (repeated measures of ANOVA followed by Tukey’s post-hoc test).

(A) Input/Output (I/O) Curves of the Field Excitatory Postsynaptic Potential (fEPSP) Slope, (B) the I/O Curves of fEPSP Am-
plitude in the Hippocampal CA1 for the Different Experimental Groups (n=8) 

 *P<0.05 compared with the control group, #P<0.05 compared with the sham group, ӾӾP<0.01, and ӾӾӾP<0.001 compared with the CIS 
group

Figure 2. Results are reported as Means±SEM (Repeated measures of ANOVA followed by Tukey’s post-hoc test).

(A) Long-term Potentiation (LTP) Curves of the Field Excitatory Postsynaptic Potential (fEPSP) Slope (B) LTP Curves of fEPSP 
Amplitude in the Hippocampal CA1 for the Different Experimental Groups (n=8)

 **P<0.01 compared with the control group, ##P<0.01 compared with the sham group, ӾӾӾP<0.001 compared with the CIS group.
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ors (Radahmadi, Alaei, Sharifi, & Hosseini, 2015). In the 
current study, the stress-related memory impairments 
could be mainly due to changes in hippocampal corti-
costerone levels that were similar to some prior studies 
(Radahmadi et al., 2015; Sato, Takahashi, T., Sumitani, 
Takatsu, & Urano, 2010). Contrary to the present find-
ings, Loganathan, and Rathinasamy. (2016) reported that 
noise stress did not induce any significant changes in 
the serum corticosterone (Loganathan & Rathinasamy, 
2016). It seems that glucocorticoids probably affect hip-

pocampal synaptic plasticity through changes in gluta-
mate, gamma-aminobutyric acid, glucocorticoid recep-
tors, neural metabolism, and morphology of cells in the 
hippocampus (Hu, Zhang Czéh, Flügge, & Zhang, 2010; 
Krugers et al., 2010; McLaughlin et al., 2007; Popoli, 
Yan, McEwen, & Sanacora 2012; Tsai et al., 2014). 
Moreover, some studies reported that social stresses are 
very destructive and associated with poor health (Epel et 
al., 2018), as isolation stress is associated with more cor-
tisol and inflammatory secretions. Also, multiple brain 

Figure 3. Results are reported as Means±SEM (ANOVA test Tukey’s post hoc test).

(A) Hippocampal Corticosterone Levels (ng/mL) (B) Frontal Cortical Corticosterone Levels (ng/ml) in the Different Experi-
mental Groups (n=8) 

*P<0.05 and **P<0.01 compared with the control group, #P<0.05 and ##P<0.01 compared with the sham group, ӾP<0.05 compared 
with the CIS group.

Figure 4. Results are reported as means±SEM (ANOVA test Tukey’s post hoc test).

(A) Hippocampal Glucose Levels (mg/dL) (B) Frontal Cortical Glucose Levels (mg/dL) in the Different Experimental Groups 
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functions via different brain areas involved in stress con-
taining the neural reward system (e.g., ventral striatum), 
social stress aversion (e.g., anterior cingulate, anterior 
insula, amygdala), and attention to one’s self-preserva-
tion in a social context (e.g., orbitofrontal cortex, tem-
poral-parietal junction, superior temporal sulcus, medial 
prefrontal cortex) (Cacioppo et al., 2015). 

Another finding revealed that daily chronic adminis-
tration of crocin (doses of 30 and 60 mg/kg) improved 
the destructive effects of chronic isolation stress on ex-
citability and Long-term plasticity. However, Hosseini 
Dastgerdi et al. (2021) reported that low doses of crocin 
were more beneficial for memory improvement due to 
restraint stress which was indicated as emotional stress 
(Hosseini Dastgerdi et al., 2021). Also, a dose of 30 mg/
kg of crocin improved spatial memory by more than 15 
mg/kg in a behavioral test in subjects with 6 h/d restraint 
stress (Ghadrdoost et al., 2011). Therefore, it seems that 
brain response to crocin depends on not only the dose 
of crocin but also the type of stress. The comparison 
between the present study and Hosseini Dastgerdi et al. 
(2021) study confirmed that isolation stress was more de-
structive than emotional stress induced by restraint stress 
on memory (Hosseini Dastgerdi et al., 2021). Because a 
high dose of crocin was necessary for the improvement 
of memory in isolation stress with respect to restraint 
stress. Therefore, there is a possible beneficial interac-
tion between crocin and hippocampal synaptic plasticity. 
Although, the mechanisms of action underlying the role 
of crocin on brain function such as memory is not still 
clear. It was reported that crocin improved impairment 
of brain function due to stress by a variety of memory 
behavioral tasks and also against ethanol-induced inhi-
bition of hippocampal LTP (Khani et al., 2018; Sugiura 
et al., 1995). It seems that multiple mechanisms may 
be involved in the positive effect of crocin on cognitive 
functions, such as its antioxidant and anti-inflammatory 
properties, modulation of the antioxidant enzyme syn-
thesis, enhancement of brain dopamine and glutamate 
concentration (Bandegi et al., 2014; Ettehadi et al., 2013; 
Papandreou et al., 2011; Soeda et al., 2007). In the cur-
rent study, only the high dose of crocin acted on memory 
and hippocampal corticosterone levels. The comparison 
between Khani et al. (2018) study and the present study 
(with the same protocol) demonstrated that elevated se-
rum corticosterone level was more than the hippocampal 
and frontal cortical corticosterone level in chronic iso-
lation stress conditions. Also, the serum corticosterone 
level crossed the blood-brain barrier, although this barri-
er limited the access of corticosterone to the brain (Nishi 
& Kawata, 2000). Therefore, this evidence confirmed 
the lower levels of hippocampal corticosterone with re-

spect to corticosterone levels in the serum. Also, a prior 
study reported that crocin reduced serum corticosterone 
levels (Khani et al., 2018). Therefore, the hippocampal 
corticosterone levels decrease by crocin with different 
mechanisms such as modulation of the HPA axis activ-
ity through decreasing CRH and glucocorticoid recep-
tor gene expression in the hypothalamus and pituitary 
glands, reducing synaptic glutamate transfer, changes 
of NMDA receptors activity (Asalgoo, Tat, Sahraei, & 
Pirzad Jahromi, 2017; Georgiadou et al., 2014; Hadipour 
et al., 2018; Lechtenberg et al., 2008; Popoli et al., 2012; 
Rajabian et al., 2019). 

5. Conclusion 

In conclusion, chronic isolation stress severely affects 
neuronal excitability and Long-term plasticity. Low and 
particularly high doses of crocin improved the destruc-
tive effects of CIS on them. In contrast, only the high 
dose of crocin acted well on memory improvement and 
hippocampal corticosterone levels. It seems that the 
preservation of psychological health depends on public 
interaction. Therefore, lack of social communication is 
associated with a primary risk of neuronal disturbances. 
Hence, a high dose of crocin as a potential pharmaco-
logical agent may have beneficial properties for nearly 
all aspects of brain function in chronic isolation stress. 
Accordingly, evaluating the other factors and gene ex-
pression that are probably involved in the retention is 
highly recommended. Also, the underlying mechanisms 
of decreasing the effect of crocin on corticosterone levels 
are unknown and require further investigation.

Ethical Considerations

Compliance with ethical guidelines

The Ethics Committee of Animal Use at the Isfahan 
University of Medical Sciences approved the study (IR.
MUI.REC.1394.3.934).

Funding

This research was supported by the research project  
and funded by Isfahan University of Medical Sciences, 
Isfahan, Iran.

Authors' contributions

Conceptualization and Supervision: Maryam Radah-
madi; Methodology: Maryam Radahmadi, Hojjatalah 
Alaei; Investigation, Writing – original draft, and Writing 
– review & editing: All authors; Data collection: Fate-

Khani, F., et al. (2022). Crocin and Long-term Potentiation in Chronic Isolation Stress. BCN, 13(2), 165-174

http://bcn.iums.ac.ir/


Basic and Clinical

172

March, April 2022 Volume 13, Number 2

meh Khani; Data analysis: Maryam Radahmadi; Fund-
ing acquisition and Resources: Maryam Radahmadi.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

This research study was supported by the Isfahan Uni-
versity of Medical Sciences.

References

Artola, A. (2008). Diabetes-, stress-and ageing-related changes in 
synaptic plasticity in hippocampus and neocortex-The same 
metaplastic process? European Journal of Pharmacology, 585(1), 
165-174. [DOI:10.1016/j.ejphar.2007.11.084] [PMID]

Asalgoo, S., Tat, M., Sahraei, H., & Pirzad Jahromi, G. (2017). 
The psychoactive agent crocin can regulate hypothalamic-pi-
tuitary-adrenal axis activity. Frontiers in Neuroscience, 11, 668. 
[DOI:10.3389/fnins.2017.00668] [PMID] [PMCID]

Bandegi, A. R., Rashidy-Pour, A., Vafaei, A. A., & Ghadrdoost, 
B. (2014). Protective effects of Crocus sativus L. extract and 
crocin against chronic-stress induced oxidative damage of 
brain, liver and kidneys in rats. Advanced Pharmaceutical Bul-
letin, 4(Suppl 2), 493-499. [PMID]

Cacioppo, J. T., Cacioppo, S., Capitanio, J. P., & Cole, S. W. 
(2015). The neuroendocrinology of social isolation. Annual 
Review of Psychology, 66, 733-767. [DOI:10.1146/annurev-
psych-010814-015240] [PMID] [PMCID]

Cazakoff, B. N., & Howland, J. G. (2010). Acute stress disrupts 
paired pulse facilitation and long‐term potentiation in rat 
dorsal hippocampus through activation of glucocorticoid 
receptors. Hippocampus, 20(12), 1327-1331. [DOI:10.1002/
hipo.20738] [PMID]

Dashti-R, M. H., Zeinali, F., Anvari, M., & Hosseini, S. M. (2012). 
Saffron (Crocus sativus L.) extract prevents and improves D-
galactose and NaNO2 induced memory impairment in mice. 
EXCLI Journal, 11, 328-337. [PMID] 

Dehghani, F., & Reisi, P. (2015). Acute application of cholecys-
tokinin and its effect on Long-term potentiation induction 
at CA1 area of hippocampal formation in rat. Physiology and 
Pharmacology, 19(4), 241-246. http://ppj.phypha.ir/article-
1-1132-en.html 

Detka, J., Kurek, A., Kucharczyk, M., Głombik, K., Basta-Kaim, 
A., Kubera, M., et al. (2015). Brain glucose metabolism in 
an animal model of depression. Neuroscience, 295, 198-208. 
[DOI:10.1016/j.neuroscience.2015.03.046] [PMID]

Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A., Slav-
ich, G. M., Puterman, E., et al. (2018). More than a feeling: A 
unified view of stress measurement for population science. 
Frontiers in Neuroendocrinology, 49, 146-169. [DOI:10.1016/j.
yfrne.2018.03.001] [PMID] [PMCID]

Ettehadi, H., Mojabi, S. N., Ranjbaran, M., Shams, J., Sahraei, H., 
Hedayati, M., et al. (2013). Aqueous extract of saffron (Crocus 
sativus) increases brain dopamine and glutamate concentra-
tions in rats. Journal of Behavioral and Brain Science, 3(3), 315-
319. [DOI:10.4236/jbbs.2013.33031]

Figueiredo, H. F., Bodie, B. L., Tauchi, M., Dolgas, C. M., & Her-
man, J. P. (2003). Stress integration after acute and chronic 
predator stress: Differential activation of central stress circuit-
ry and sensitization of the hypothalamo-pituitary-adrenocor-
tical axis. Endocrinology, 144(12), 5249-5258. [DOI:10.1210/
en.2003-0713] [PMID]

Friederici, A. D. (2006). The neural basis of language de-
velopment and its impairment. Neuron, 52(6), 941-952. 
[DOI:10.1016/j.neuron.2006.12.002] [PMID]

Georgiadou, G., Grivas, V., Tarantilis, P. A., & Pitsikas, N. 
(2014). Crocins, the active constituents of Crocus Sativus L., 
counteracted ketamine-induced behavioural deficits in rats. 
Psychopharmacology, 231(4), 717–726. [DOI:10.1007/s00213-
013-3293-4] [PMID]

Ghadrdoost, B., Vafaei, A. A., Rashidy-Pour, A., Hajisoltani, R., 
Bandegi, A. R., Motamedi, F., et al. (2011). Protective effects of 
saffron extract and its active constituent crocin against oxida-
tive stress and spatial learning and memory deficits induced 
by chronic stress in rats. European Journal of Pharmacology, 
667(1-3), 222-229. [DOI:10.1016/j.ejphar.2011.05.012] [PMID]

Grossman, A. W., Churchill, J. D., McKinney, B. C., Kodish, I. 
M., Otte, S. L., & Greenough, W. T. (2003). Experience effects 
on brain development: Possible contributions to psychopa-
thology. Journal of Child Psychology and Psychiatry, and Allied 
Disciplines, 44(1), 33-63. [DOI:10.1111/1469-7610.t01-1-00102] 
[PMID]

Hadipour, M., Kaka, G., Bahrami, F., Meftahi, G. H., Pirzad 
Jahromi, G., Mohammadi, A., et al. (2018). Crocin improved 
amyloid beta induced long‐term potentiation and memory 
deficits in the hippocampal CA1 neurons in freely moving 
rats. Synapse, 72(5), e22026. [DOI:10.1002/syn.22026] [PMID]

Heo, H. J., Kim, D. O., Shin, S. C., Kim, M. J., Kim, B. G., & Shin, 
D. H. (2004). Effect of antioxidant flavanone, naringenin, 
from Citrus junos on neuroprotection. Journal of Agricultural 
and Food Chemistry, 52(6), 1520-1525. [DOI:10.1021/jf035079g] 
[PMID]

Holtzer, R., Schoen, C., Demetriou, E., Mahoney, J. R., Izzetoglu, 
M., Wang, C., et al. (2017). Stress and gender effects on pre-
frontal cortex oxygenation levels assessed during single and 
dual‐task walking conditions. The European Journal of Neuro-
science, 45(5), 660-670. [DOI:10.1111/ejn.13518] [PMID] [PM-
CID]

Hosseini Dastgerdi, A., Radahmadi, M., & Pourshanazari, A. 
A. (2021). Comparing the effects of crocin at different doses 
on excitability and Long-term potentiation in the CA1 area, 
as well as the electroencephalogram responses of rats un-
der chronic stress. Metabolic Brain Disease, 36(7), 1879-1887. 
[DOI:10.1007/s11011-021-00747-y] [PMID]

Dastgerdi, A. H., Radahmadi, M., Pourshanazari, A. A., & 
Dastgerdi, H. H. (2017). Effects of crocin on learning and 
memory in rats under chronic restraint stress with special 
focus on the hippocampal and frontal cortex corticosterone 
levels. Advanced Biomedical Research, 6, 157. [DOI:10.4103/abr.
abr_107_17] [PMID] [PMCID] 

Khani, F., et al. (2022). Crocin and Long-term Potentiation in Chronic Isolation Stress. BCN, 13(2), 165-174

http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.ejphar.2007.11.084
https://www.ncbi.nlm.nih.gov/pubmed/18395200
https://doi.org/10.3389/fnins.2017.00668
https://www.ncbi.nlm.nih.gov/pubmed/29249934
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5717018
https://pubmed.ncbi.nlm.nih.gov/25671180/
https://doi.org/10.1146/annurev-psych-010814-015240
https://doi.org/10.1146/annurev-psych-010814-015240
https://www.ncbi.nlm.nih.gov/pubmed/25148851
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5130104
https://doi.org/10.1002/hipo.20738
https://doi.org/10.1002/hipo.20738
https://www.ncbi.nlm.nih.gov/pubmed/20043285
https://pubmed.ncbi.nlm.nih.gov/27418908/
http://ppj.phypha.ir/article-1-1132-en.html
http://ppj.phypha.ir/article-1-1132-en.html
https://doi.org/10.1016/j.neuroscience.2015.03.046
https://www.ncbi.nlm.nih.gov/pubmed/25819664
https://doi.org/10.1016/j.yfrne.2018.03.001
https://doi.org/10.1016/j.yfrne.2018.03.001
https://www.ncbi.nlm.nih.gov/pubmed/29551356
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6345505
https://doi.org/10.4236/jbbs.2013.33031
https://doi.org/10.1210/en.2003-0713
https://doi.org/10.1210/en.2003-0713
https://www.ncbi.nlm.nih.gov/pubmed/12960031
https://doi.org/10.1016/j.neuron.2006.12.002
https://www.ncbi.nlm.nih.gov/pubmed/17178399
https://doi.org/10.1007/s00213-013-3293-4
https://doi.org/10.1007/s00213-013-3293-4
https://www.ncbi.nlm.nih.gov/pubmed/24096536
https://doi.org/10.1016/j.ejphar.2011.05.012
https://www.ncbi.nlm.nih.gov/pubmed/21616066
https://doi.org/10.1111/1469-7610.t01-1-00102
https://www.ncbi.nlm.nih.gov/pubmed/12553412
https://doi.org/10.1002/syn.22026
https://www.ncbi.nlm.nih.gov/pubmed/29357117
https://doi.org/10.1021/jf035079g
https://www.ncbi.nlm.nih.gov/pubmed/15030205
https://doi.org/10.1111/ejn.13518
https://www.ncbi.nlm.nih.gov/pubmed/28028863
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5339034
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5339034
https://doi.org/10.1007/s11011-021-00747-y
https://www.ncbi.nlm.nih.gov/pubmed/34216349
https://doi.org/10.4103/abr.abr_107_17
https://doi.org/10.4103/abr.abr_107_17
https://www.ncbi.nlm.nih.gov/pubmed/29387668
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5767797


Basic and Clinical

173

March, April 2022 Volume 13, Number 2

Dastgerdi, H. H., Radahmadi, M., & Reisi, P. (2020). Compara-
tive study of the protective effects of crocin and exercise on 
Long-term potentiation of CA1 in rats under chronic un-
predictable stress. Life Sciences, 256, 118018. [DOI:10.1016/j.
lfs.2020.118018] [PMID] 

Hu, W., Zhang, M., Czéh, B., Flügge, G., & Zhang, W. (2010). 
Stress impairs GABAergic network function in the hippocam-
pus by activating nongenomic glucocorticoid receptors and 
affecting the integrity of the parvalbumin-expressing neu-
ronal network. Neuropsychopharmacology, 35(8), 1693-1707. 
[DOI:10.1038/npp.2010.31] [PMID] [PMCID]

Khani, F., Radahmadi, M., Alaei, H., & Jafari, E. (2018). Effects of 
crocin on cognitive and spatial memories in rats under chron-
ic isolation stress. Physiology and Pharmacology, 22(4), 254-268. 
http://ppj.phypha.ir/article-1-1401-en.html 

Kosten, T. A., Kim, J. J., & Lee, H. J. (2012). Early life manipu-
lations alter learning and memory in rats. Neuroscience & 
Biobehavioral Reviews, 36(9), 1985-2006. [DOI:10.1016/j.neubi-
orev.2012.07.003] [PMID] [PMCID] 

Krugers, H. J., Lucassen, P. J., Karst, H., & Joëls, M. (2010). 
Chronic stress effects on hippocampal structure and synaptic 
function: Relevance for depression and normalization by anti-
glucocorticoid treatment. Frontiers in Synaptic Neuroscience, 2, 
24. [DOI:10.3389/fnsyn.2010.00024] [PMID] [PMCID]

Lechtenberg, M., Schepmann, D., Niehues, M., Hellenbrand, 
N., Wünsch, B., & Hensel, A. (2008). Quality and function-
ality of saffron: Quality control, species assortment and af-
finity of extract and isolated saffron compounds to NMDA 
and sigma1 (sigma-1) receptors. Planta Medica, 74(7), 764-772. 
[DOI:10.1055/s-2008-1074535] [PMID] 

Loganathan, S., & Rathinasamy, S. (2016). Alteration in memory 
and electroencephalogram waves with sub-acute noise stress 
in albino rats and safeguarded by scoparia dulcis. Pharma-
cognosy Magazine, 12(Suppl 1), S7–S13. [DOI:10.4103/0973-
1296.176119] [PMID] [PMCID] 

MacDougall, M. J., & Howland, J. G. (2013). Acute stress, but 
not corticosterone, disrupts short-and Long-term synaptic 
plasticity in rat dorsal subiculum via glucocorticoid receptor 
activation. Cerebral Cortex, 23(11), 2611-2619. [DOI:10.1093/
cercor/bhs247] [PMID] [PMCID] 

Mao, Q. Q., Huang, Z., Zhong, X. M., Xian, Y. F., & Ip, S. P. 
(2014). Piperine reverses chronic unpredictable mild stress-
induced behavioral and biochemical alterations in rats. Cel-
lular and Molecular Neurobiology, 34(3), 403-408. [DOI:10.1007/
s10571-014-0025-1] [PMID]

Marčinko, D., Jakovljević, M., Jakšić, N., Bjedov, S., & 
Mindoljević Drakulić, A. (2020). The importance of psycho-
dynamic approach during COVID-19 pandemic. Psychiatria 
Danubina, 32(1), 15-21. [DOI:10.24869/psyd.2020.15] [PMID]

McLaughlin, K. J., Gomez, J. L., Baran, S. E., & Conrad, C. D. 
(2007). The effects of chronic stress on hippocampal mor-
phology and function: An evaluation of chronic restraint 
paradigms. Brain Research, 1161, 56-64. [DOI:10.1016/j.brain-
res.2007.05.042] [PMID] [PMCID]

Mrdalj, J., Pallesen, S., Milde, A. M., Jellestad, F. K., Murison, 
R., Ursin, R., et al. (2013). Early and later life stress alter brain 
activity and sleep in rats. Plos One, 8(7), e69923. [DOI:10.1371/
journal.pone.0069923] [PMID] [PMCID]

Nishi, M., & Kawata, M. (2000). [Corticosteroid receptor and 
stress (Japanese)]. Nihon Shinkei Seishin Yakurigaku Zasshi, 
20(5), 181-188. [PMID] 

Nugent, A. C., Carlson, P. J., Bain, E. E., Eckelman, W., Her-
scovitch, P., Manji, H., et al. (2013). Mood stabilizer treat-
ment increases serotonin type 1A receptor binding in bipo-
lar depression. Journal of Psychopharmacology, 27(10), 894-902. 
[DOI:10.1177/0269881113499204] [PMID] [PMCID]

Papandreou, M. A., Tsachaki, M., Efthimiopoulos, S., Cordopa-
tis, P., Lamari, F. N., & Margarity, M. (2011). Memory enhanc-
ing effects of saffron in aged mice are correlated with anti-
oxidant protection. Behavioural Brain Research, 219(2), 197-204. 
[DOI:10.1016/j.bbr.2011.01.007] [PMID]

Persson, A., Sim, S. C., Virding, S., Onishchenko, N., Schulte, G., 
& Ingelman-Sundberg, M. (2014). Decreased hippocampal 
volume and increased anxiety in a transgenic mouse model 
expressing the human CYP2C19 gene. Molecular Psychiatry, 
19(6), 733-741. [DOI:10.1038/mp.2013.89] [PMID] [PMCID]

Popoli, M., Yan, Z., McEwen, B. S., & Sanacora, G. (2012). The 
stressed synapse: The impact of stress and glucocorticoids on 
glutamate transmission. Nature Reviews Neuroscience, 13(1), 
22-37. [DOI:10.1038/nrn3138] [PMID] [PMCID] 

Radahmadi, M., Alaei, H., Sharifi, M. R., & Hosseini, N. (2015). 
Effects of different timing of stress on corticosterone, BDNF 
and memory in male rats. Physiology & Behavior, 139, 459-467. 
[DOI:10.1016/j.physbeh.2014.12.004] [PMID]

Radahmadi, M., Alaei, H., Sharifi, M. R., & Hosseini, N. 
(2017). Stress biomarker responses to different protocols of 
forced exercise in chronically stressed rats. Journal of Body-
work and Movement Therapies, 21(1), 63-8. [DOI:10.1016/j.
jbmt.2016.05.002] [PMID]

Radahmadi, M., Hosseini Dastgerdi, A., Fallah, N., & Alaei, H. 
(2017). The effects of acute, sub-chronic and chronic psychical 
stress on the brain electrical activity in male rats. Physiology 
and Pharmacology, 21(3), 185-92. http://ppj.phypha.ir/article-
1-1280-en.html 

Radahmadi, M., Hosseini, N., & Nasimi, A. (2014). Effect of 
chronic stress on short and Long-term plasticity in dentate 
gyrus; study of recovery and adaptation. Neuroscience, 280, 
121-129. [DOI:10.1016/j.neuroscience.2014.09.005] [PMID]

Rajabian, A., Hosseini, A., Hosseini, M., & Sadeghnia, H. R. 
(2019). A review of potential efficacy of Saffron (Crocus 
sativus L.) in cognitive dysfunction and seizures. Preven-
tive Nutrition and Food Science, 24(4), 363-372. [DOI:10.3746/
pnf.2019.24.4.363] [PMID] [PMCID]

Ranjbar, H., Radahmadi, M., Alaei, H., Reisi, P., & Karimi, S. 
(2016). The effect of basolateral amygdala nucleus lesion on 
memory under acute, mid and chronic stress in male rats. 
Turkish Journal of Medical Sciences, 46(6), 1915-1925. [PMID]

Rothman, S. M., & Mattson, M. P. (2010). Adverse stress, hip-
pocampal networks, and Alzheimer’s disease. Neuromolecu-
lar Medicine, 12(1), 56-70. [DOI:10.1007/s12017-009-8107-9] 
[PMID] [PMCID] 

Roustazade, R., Radahmadi, M., & Yazdani, Y. (2022). Therapeu-
tic effects of saffron extract on different memory types, anxie-
ty, and hippocampal BDNF and TNF-alpha gene expressions 
in sub-chronically stressed rats. Nutritional Neuroscience, 25(1), 
192-206. [PMID] 

Khani, F., et al. (2022). Crocin and Long-term Potentiation in Chronic Isolation Stress. BCN, 13(2), 165-174

http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.lfs.2020.118018
https://doi.org/10.1016/j.lfs.2020.118018
https://www.ncbi.nlm.nih.gov/pubmed/32598935
https://doi.org/10.1038/npp.2010.31
https://www.ncbi.nlm.nih.gov/pubmed/20357756
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055473
http://ppj.phypha.ir/article-1-1401-en.html
https://doi.org/10.1016/j.neubiorev.2012.07.003
https://doi.org/10.1016/j.neubiorev.2012.07.003
https://www.ncbi.nlm.nih.gov/pubmed/22819985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3463710
https://doi.org/10.3389/fnsyn.2010.00024
https://www.ncbi.nlm.nih.gov/pubmed/21423510
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3059694
https://doi.org/10.1055/s-2008-1074535
https://www.ncbi.nlm.nih.gov/pubmed/18496783
https://doi.org/10.4103/0973-1296.176119
https://doi.org/10.4103/0973-1296.176119
https://www.ncbi.nlm.nih.gov/pubmed/27041862
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792003
https://doi.org/10.1093/cercor/bhs247
https://doi.org/10.1093/cercor/bhs247
https://www.ncbi.nlm.nih.gov/pubmed/22918985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4457523
https://doi.org/10.1007/s10571-014-0025-1
https://doi.org/10.1007/s10571-014-0025-1
https://www.ncbi.nlm.nih.gov/pubmed/24401942
https://doi.org/10.24869/psyd.2020.15
https://www.ncbi.nlm.nih.gov/pubmed/32303024
https://doi.org/10.1016/j.brainres.2007.05.042
https://doi.org/10.1016/j.brainres.2007.05.042
https://www.ncbi.nlm.nih.gov/pubmed/17603026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2667378
https://doi.org/10.1371/journal.pone.0069923
https://doi.org/10.1371/journal.pone.0069923
https://www.ncbi.nlm.nih.gov/pubmed/23922857
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3724678
https://pubmed.ncbi.nlm.nih.gov/11326543/
https://doi.org/10.1177/0269881113499204
https://www.ncbi.nlm.nih.gov/pubmed/23926239
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3784836
https://doi.org/10.1016/j.bbr.2011.01.007
https://www.ncbi.nlm.nih.gov/pubmed/21238492
https://doi.org/10.1038/mp.2013.89
https://www.ncbi.nlm.nih.gov/pubmed/23877834
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031638
https://doi.org/10.1038/nrn3138
https://www.ncbi.nlm.nih.gov/pubmed/22127301
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645314
https://doi.org/10.1016/j.physbeh.2014.12.004
https://www.ncbi.nlm.nih.gov/pubmed/25481360
https://doi.org/10.1016/j.jbmt.2016.05.002
https://doi.org/10.1016/j.jbmt.2016.05.002
https://www.ncbi.nlm.nih.gov/pubmed/28167192
http://ppj.phypha.ir/article-1-1280-en.html
http://ppj.phypha.ir/article-1-1280-en.html
https://doi.org/10.1016/j.neuroscience.2014.09.005
https://www.ncbi.nlm.nih.gov/pubmed/25218805
https://doi.org/10.3746/pnf.2019.24.4.363
https://doi.org/10.3746/pnf.2019.24.4.363
https://www.ncbi.nlm.nih.gov/pubmed/31915630
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6941716
https://www.ncbi.nlm.nih.gov/pubmed/28081348
https://doi.org/10.1007/s12017-009-8107-9
https://www.ncbi.nlm.nih.gov/pubmed/19943124
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2833224
https://www.ncbi.nlm.nih.gov/pubmed/34165393


Basic and Clinical

174

March, April 2022 Volume 13, Number 2

Sato, H., Takahashi, T., Sumitani, K., Takatsu, H., & Urano, S. 
(2010). Glucocorticoid generates ROS to induce oxidative in-
jury in the hippocampus, leading to impairment of cognitive 
function of rats. Journal of Clinical Biochemistry and Nutrition, 
47(3), 224-232. [DOI:10.3164/jcbn.10-58] [PMID] [PMCID]

Soeda, S., Ochiai, T., Shimeno, H., Saito, H., Abe, K., Tanaka, H., 
et al. (2007). Pharmacological activities of crocin in saffron. 
Journal of Natural Medicines, 61, 102-111. [DOI:10.1007/s11418-
006-0120-9]

Sugiura, M., Shoyama, Y., Saito, H., & Abe, K. (1995). The effects 
of ethanol and crocin on the induction of Long-term potentia-
tion in the CA1 region of rat hippocampal slices. Japanese Jour-
nal of Pharmacology, 67(4), 395-397. [DOI:10.1254/jjp.67.395] 
[PMID]

Sun, D. S., Zhong, G., Cao, H. X., Hu, Y., Hong, X. Y., Li, T., et 
al. (2020). Repeated restraint stress led to cognitive dysfunc-
tion by NMDA receptor-mediated hippocampal CA3 den-
dritic spine impairments in juvenile sprague-dawley rats. 
Frontiers in Molecular Neuroscience, 13, 552787. [DOI:10.3389/
fnmol.2020.552787] [PMID] [PMCID]

Tsai, S. F., Huang, T. Y., Chang, C. Y., Hsu, Y. C., Chen, S. J., Yu, 
L., et al. (2014). Social instability stress differentially affects 
amygdalar neuron adaptations and memory performance in 
adolescent and adult rats. Frontiers in Behavioral Neuroscience, 
8, 27. [PMID] [PMCID]

Uddin, M. S., Mamun, A. A., Hossain, M. S., Akter, F., Iqbal, M. 
A., & Asaduzzaman, M. (2016). Exploring the effect of Phyllan-
thus emblica L. on cognitive performance, brain antioxidant 
markers and acetylcholinesterase activity in rats: Promising 
natural gift for the mitigation of Alzheimer’s disease. An-
nals of Neurosciences, 23(4), 218-229. [DOI:10.1159/000449482] 
[PMID] [PMCID]

Wood, E. R., Dudchenko, P. A., Robitsek, R. J., & Eichen-
baum, H. (2000). Hippocampal neurons encode information 
about different types of memory episodes occurring in the 
same location. Neuron, 27(3), 623-633. [DOI:10.1016/S0896-
6273(00)00071-4]

Khani, F., et al. (2022). Crocin and Long-term Potentiation in Chronic Isolation Stress. BCN, 13(2), 165-174

http://bcn.iums.ac.ir/
https://doi.org/10.3164/jcbn.10-58
https://www.ncbi.nlm.nih.gov/pubmed/21103031
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2966932
https://doi.org/10.1007/s11418-006-0120-9
https://doi.org/10.1007/s11418-006-0120-9
https://doi.org/10.1254/jjp.67.395
https://www.ncbi.nlm.nih.gov/pubmed/7650874
https://doi.org/10.3389/fnmol.2020.552787
https://doi.org/10.3389/fnmol.2020.552787
https://www.ncbi.nlm.nih.gov/pubmed/33192290
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604534
https://www.ncbi.nlm.nih.gov/pubmed/24550802
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3909871
https://doi.org/10.1159/000449482
https://www.ncbi.nlm.nih.gov/pubmed/27780989
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075744
https://doi.org/10.1016/S0896-6273(00)00071-4
https://doi.org/10.1016/S0896-6273(00)00071-4

