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Introduction: Alzheimer’s disease (AD) is an age-dependent neurodegenerative disease. 
Beta-amyloid (Aβ)-induced neurotoxicity has a pivotal role in AD pathogenesis; therefore, 
the modulation of Aβ toxicity is the promising therapeutic approach to control the disease 
progression. Medicinal plants because of their multiple active ingredients are effective in 
complex diseases, such as AD. Therefore, several studies have studied medicinal plants to 
find an effective treatment for AD. Ferulago angulata is a medicinal plant with antioxidant 
and neuroprotective activity. The present study was done to assess the protective effect of 
the methanolic extract of Ferulago angulate on Aβ-induced toxicity and oxidative stress 
in PC12 cells.

Methods: The methanolic extract of aerial parts of the plant was prepared by the maceration 
method. PC12 cells were cultured according to a standard protocol. PC12 cells were incubated 
for 24 hours with Aβ alone, and Aβ in combination with various concentrations of the F. 
angulata extract. Cell viability was determined by the methyl thiazole tetrazolium (MTT) 
assay. Also, reactive oxygen species (ROS) production and the activity of acetylcholine 
esterase (AChE), glutathione peroxidase (GPx), and caspase-3 enzymes were measured. 

Results:The extract dose-dependently protected PC12 cells against Aβ-induced cell death. 
Also, Aβ increased ROS production, AChE, and caspase-3 activity, and decreased the GPx 
activity, which all were ameliorated by F. angulata extract. 

Conclusion: F. angulata extract protects against Aβ-induced oxidative stress and apoptosis. 
These effects may be due to the antioxidant and anticholinesterase activity of the extract. It is 
recommended to assess F. angulata extract as an anti-AD agent. 
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1. Introduction

lzheimer’s disease (AD), the most common 
form of dementia and age-related neuro-
degenerative disease, is characterized by 
progressive cognitive decline and memory 
loss. Behavioral disorders and an inability 
to perform daily tasks are other symptoms 
of AD (Castellani et al., 2010). 

According to a global report in 2010, 35.6 million peo-
ple live with AD and related disorders, and the number 
of people affected by the disease is expected to rise to 
115 million by 2050 due to the increase in population 
and life expectancy (Hebert et al., 2013). 

AD is a disease with complex pathophysiology, and the 
exact mechanism of AD pathogenesis is still unknown, 
but researchers have suggested two central hypotheses 
for the explanation of AD pathogenesis, including “the 
cholinergic deficit” and “the beta-amyloid (Aβ) cas-
cade” (dos Santos et al., 2018; Masters & Selkoe, 2012).

The extracellular senile plaques, intracellular neuro-
fibrillary tangles, and massive loss of neurons are the 
most important pathological findings in the AD brain 
(Castellani et al., 2008). The main component of ex-
tracellular senile plaques is Aβ peptide (Aβ). Aβ is a 
peptide produced in neural cells by sequential cleavage 
of amyloid precursor protein (APP) by β-secretase and 
γ-secretase enzymes. In the pathological condition, Aβ 
more produced and accumulated. The accumulated Aβ 
is extracellularly deposited and forms the central core of 
extracellular Aβ plaques. According to the Aβ hypoth-

esis, it is postulated that abnormal accumulation of Aβ 
plaques is the primary event that causes AD (Cappai & 
Barnham, 2008; Femminella et al., 2018). Several stud-
ies have indicated that aggregated Aβ is toxic to neural 
cells and triggers various mechanisms, such as oxidative 
stress, inflammation, mitochondrial dysfunction, and 
apoptosis, which leads to neural cell death (Sun et al., 
2015). Based on the Aβ hypothesis, the disease-modi-
fying drugs, which modulate Aβ production, clearance, 
and toxicity, are developed to control AD progression 
(Carrillo-Mora et al., 2014). 

Oxidative stress has a key pathogenic role in the pro-
gression of AD. Several studies have reported oxidative 
damage in the AD brain. Reactive oxygen species (ROS) 
oxidize the cellular biomolecules, such as proteins, lip-
ids, and nucleic acids, leading to the dysfunction of pro-
teins, alteration of membrane integrity, and production 
of toxic metabolites in neurons and finally, cell death 
(Dumont & Beal, 2011; Wang et al., 2014). There are 
many indications that Aβ increases oxidative stress. In 
vivo and in vitro studies have shown that Aβ in aggre-
gated form causes increased ROS production, decreased 
antioxidant enzyme activity, and mitochondrial dysfunc-
tion, which activate the apoptosis pathways and lead to 
cell death. (Cheignon et al., 2018; Jang & Surh, 2003). 
Antioxidant compounds improve Aβ-induced oxidative 
stress, which are considered therapeutic targets for AD 
(Ono et al., 2006).

The cholinergic deficit hypothesis is the first and oldest 
hypothesis for AD pathogenesis. This hypothesis is based 
on findings indicating a decreased level of Acetylcholine 
(Ach), a brain’s cholinergic neurotransmitter, and degen-

Highlights 

• Ferulago angulata extract dose-dependently ameliorates Aβ-induced cytotoxicity in PC12 cells.

• Aβ induced oxidative stress in PC12 cells, which was attenuated by the F. angulata extract. 

• Aβ increased acetylcholinesterase activity in PC12 cells, which was prevented by the F. angulata extract.

Plain Language Summary 

Alzheimer’s disease (AD) is a common form of dementia in the elderly with a complex pathophysiology. Beta-
amyloid (Aβ)- induced neurotoxicity plays a pivotal role in AD progression. So far, there is no cure for AD. Medicinal 
plants contain various pharmacologically active compounds that make them suitable for the treatment of complex dis-
eases. In this study, the anti-AD effect of F. angulata extract was investigated by assessing its protective effect against 
Aβ-induced toxicity in PC12 cells F. angulata extract improved Aβ-induced toxicity by diminishing oxidative stress 
and apoptosis. Therefore, F. angulata extract merits further studies for use in the treatment of AD.
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eration of the septohippocampal cholinergic pathway in 
the brain of AD patients. The septohippocampal cholin-
ergic neurons are responsible for learning and memory 
function, and the hypofunction or loss of these neurons 
in AD results in memory loss (Francis et al., 1999). Ac-
cording to this hypothesis, augmentation of the choliner-
gic system can improve memory function in AD patients 
(Ferreira-Vieira et al., 2016). The acetylcholinesterase 
inhibitors (AChEIs), such as rivastigmine, galantamine, 
donepezil, and tacrine have been approved for the treat-
ment of AD. However, these medications only reduce 
the disease’s symptoms and have been unsuccessful in 
preventing disease progression (Herrmann et al., 2011).

Due to the complex pathophysiology of AD, new thera-
pies focus on compounds that can improve the symp-
toms and progression of the disease through several 
mechanisms (Batool et al., 2018). In recent years, plants 
have been the focus of researchers because of having 
many compounds that can be effective at different stages 
of the disease, and studies have shown that plants with 
have antioxidant effects that strengthen the cholinergic 
system have significant effects on the improvement of 
this disease (Ambure et al., 2019) Ferulago angulata 
(Schlecht.) Boiss. (Apiaceae) is a medicinal plant found 
in Western Asia and Iran. Its local name is Chovir, which 
is used in traditional medicine to treat a wide range of 
disorders, such as headaches, digestive problems, snake-
bites, hemorrhoids, and chronic ulcers (Lorigooini et al., 
2019). Several studies have reported various effects of 
this plant, such as antibacterial, anti-cancer, and acetyl-
cholinesterase enzyme (AChE) inhibitory effects (Ha-
jimehdipoor et al., 2014; Heidari et al., 2014; Zareii et 
al., 2014). Its extract consists of a mixture of various 
polyphenols with antioxidant and neuroprotective ef-
fects (Hosseini et al., 2012; Lorigooini et al., 2019). F. 
angulata essential oil improves scopolamine-induced 
learning and memory deficit; therefore, it is recommend-
ed for the treatment of dementia (Hritcu et al., 2015). 

Considering the importance of prevention of the de-
velopment and progression of AD, and the antioxidant, 
AChE inhibitory, and neuroprotective effects of this 
plant, in the present study, the protective effect of the 
methanolic extract of F. angulata was investigated on 
Aβ-induced toxicity and oxidative stress in PC12 cells. 

2. Material and Methods

Rat pheochromocytoma (PC12) cell was purchased 
from the Pasteur Institute of Iran. Aβ25–35 was pur-
chased from Enzo Life Sciences (USA). Dulbecco’s 
modified Eagle’s Medium (DMEM), fetal bovine serum 

(FBS), penicillin-streptomycin (10000 U/mL), and tryp-
sin (0.25%) were purchased from Gibco (USA). Poly-D-
lysine (PDL) was purchased from Santa Cruz Biotech-
nology (USA). All other materials were purchased from 
Sigma (USA).

Plant material

F. angulata was collected from the Kohgiluyeh and 
Boyer-Ahmad Province of Iran. It was identified by the 
botanists of the Traditional Medicine and Materia Med-
ica Research Center (TMRC), Shahid Beheshti Univer-
sity of Medical Sciences, and its voucher specimen was 
deposited at TMRC Herbarium for future reference (No. 
2800 TMRC). 

Plant extraction 

The total extract was prepared by the maceration meth-
od. The aerial parts of the plant were dried in shade and 
ground. Then, 10 g of the plant powder was mixed with 
100 mL of methanol (80:20). Every 24 h, the mixture 
was filtered, and the fresh solvent was added for three 
days. All extracts were combined and dried by rotary 
evaporator and freeze dryer (Seidel, 2012).

Measurement of total phenolic compounds

The Folin-Ciocalteu method was used to determine the 
extract’s total phenolic contents using Gallic acid as the 
standard. The methanolic solution of gallic acid or extract 
was prepared and mixed with Folin-Ciocalteu reagent 
and incubated for 5 minutes. Then, sodium carbonate 
(7%) solution was added, and the reaction mixture was 
further incubated for 90 minutes. Then, the absorbance 
of the product was measured at 725 nm. The total phe-
nolics content was expressed as gallic acid equivalent in 
grams per 100 g dried extract (Singleton et al., 1999).

Cell culture 

PC12 cells were cultured on PDL-coated flasks con-
taining RPMI 1640, supplemented with 10% (v/v) heat-
inactivated fetal bovine serum, and 1% (v/v) penicillin 
and streptomycin. Cultures were maintained at 37°C in a 
humidified atmosphere containing 5% CO2. The culture 
medium was replaced every three days, and culture was 
passaged after reaching 70% confluency.
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Protective effect of F. angulata against Aβ-induced 
cytotoxicity

PC12 cells were seeded on PDL-coated 96-well plates 
at a density of 1×104 cells/well, and incubated at the con-
dition mentioned above. After 24 h, the cell culture me-
dium was removed and replaced with a new medium that 
contained different concentrations of the extract ranging 
from 10 to 200 µg/mL. Subsequently, after one-hour 
incubation with different extract concentrations, aggre-
gated Aβ peptide was added to each well, and cells were 
further incubated for 24 h. The final concentration of Aβ 
in the medium was 0.5 µM. Aβ peptide was dissolved 
in distilled water and incubated at 37°C for three days to 
prepare the aggregated form. Cells in control wells were 
incubated with the culture medium without the extract 
and Aβ peptide, and cells in some wells were incubated 
with Aβ peptide alone. Cell viability was measured by 
methyl thiazole tetrazolium (MTT) reduction assay at 
the end of incubation time (Sepand et al., 2013).

MTT assay

MTT assay is a standard method to measure cell viabil-
ity (Mosmann, 1983). In this assay, yellow tetrazolium 
salt was reduced by mitochondrial succinate dehydro-
genase enzyme in viable cells and converted to purple 
formazan salt, and then, the intensity of the purple color 
was measured by a spectrophotometer. At the end of in-
cubation time, the medium was removed and replaced 
with a fresh medium containing MTT solution at a final 
concentration of 0.5 mg/mL. Cell cultures were incu-
bated with MTT containing the medium for 4 h at 37°C. 
Subsequently, the medium was removed, 100 µL DMSO 
was added to each well, and the plate was shaken until 
the formazan product was completely dissolved. Absor-
bance was measured at 540 nm in an automated plate 
reader (BIOTEK) against 670 nm as the reference wave-
length. The results were presented as a percentage of the 
control group.

Measurement of reactive oxygen species

Reactive oxygen species (ROS) produced during oxi-
dative stress was measured by flow cytometry using 
2′,7′-Dichlorodihydrofluorescin Diacetate (DCFH-DA) 
as a prob. DCFH-DA readily crosses the cell membrane 
and is converted to Dichlorodihydrofluorescin (DCFH) 
by intracellular esterases. DCFH is a non-fluorescent 
compound and is converted to DCF-a highly fluorescent 
compound- in the presence of ROS. PC12 cells were 
plated onto a PDL-coated 24-well plate (4×105 cells/
well). Cells were incubated with 0.5 µM of Aβ alone, 

and 0.5 µM of Aβ in combination with the extract (200 
μg/mL) for 24 h, and then, the cells were harvested by 
trypsinization and washed with PBS. After that, the 
cells were resuspended in 1 mL assay buffer containing 
NaCl (140 mM), KCl (5 mM), MgCl2 (1 mM), CaCl2 
(1.5 mM), glucose (5.6 mM), HEPES-Na (20 mM) at 
pH=7.4, and 1 µL of DCFH-DA (10 mM) was added to 
this solution, and the cell suspension was incubated for 
45 at 37°C in a CO2 incubator. Subsequently, the cell sus-
pension was centrifuged, the supernatant was discarded, 
and the cell plate was suspended in 1 mL assay buffer, 
and fluorescent intensity was measured by flow cytome-
try at the excitation wavelength of 485 nm and the emis-
sion wavelength of 520 nm (Kiani-Esfahani et al., 2016).

Measurement of glutathione peroxidase enzyme 
activity

The activity of glutathione peroxidase (GPx ) as an an-
tioxidant enzyme alters during oxidative stress and its 
activity was measured by the colorimetric kits (BioVi-
sion). PC12 cells were plated onto PDL-coated 6-well 
plates (1×106 cell/well) and then incubated with Aβ (10 
µM) alone and along with the extract (200 μg/mL) for 24 
h. After incubation, the cells were rinsed with phosphate-
buffered saline (PBS) and harvested, and then, homog-
enized in PBS with sonication. The homogenate was 
centrifuged at 1000 g for 10 min at 4°C, and the superna-
tant was used for enzyme activity and protein assay. GPx 
activity was measured according to the kit instruction. 
Data were expressed as mU/mg protein (Dashti et al., 
2016). The protein content of the samples was measured 
by the Bradford method (Bradford, 1976). 

Measurement of acetylcholinesterase enzyme 
activity 

PC12 cells were cultured, treated, and homogenized, as 
it was mentioned in the previous section. The AChE en-
zyme activity was measured in cell lysate by the Ellman 
method, as described previously (Ellman et al., 1961). 
Briefly, after adding cell lysate to the Ellman reagent 
containing phosphate buffer (0.1 M pH=8), thiocholine, 
and 5,5’-dithiol-bis (2-nitro-benzoic acid) , the absor-
bance was monitored at 405 nm for 10 min by the plate 
reader, and the reaction rate was calculated. The results 
were expressed as a percent of control.

Measurement of Caspase-3 enzyme activity 

The activity of the caspase-3 enzyme was measured by 
the colorimetric method using ACDEVD-pNA as a sub-
strate. In this assay, the substrate is cleaved with activated 
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caspase-3, and para nitro aniline (pNA) is released and 
measured at 405 nm. PC12 cells were cultured, treated, 
and harvested, as it was mentioned in the previous sec-
tion. The harvested cells were resuspended in 1 mL of cell 
lysis buffer containing 50 mM tris-HCl and 1.0 mM DTT 
(pH=7.5), and then sonicated for 20 s and centrifuged at 
1000 g for 10 min. The supernatant was collected for the 
caspase-3 assay. Then, 10 µL of supernatant was mixed 
with 0.2 mM AC-DEVD-pNA solution and incubated at 
37°C for at least 1 h. The absorbance was measured by a 
microplate reader at 405 nm. The results were expressed 
as a percent of control (Soodi et al., 2017).

Statistical analysis

Data are presented as Mean±SEM of three separate 
experiments. The statistical analysis was performed by 
GraphPad Prism software, version 8. Statistical differ-
ences were estimated by one-way ANOVA followed by 
Tukeyʼs multiple comparison test.

3. Results

The content of total phenolic compounds 

The amount of total phenolic compounds in the extracts 
was calculated as the equivalent of the gallic acid (g) in 
100 g dry extract. The data were obtained according to 
calibration curves of gallic acid (y=2.6x-0.038, r2=0.99), 
and the amount of total phenolic compounds in F. angu-
lata extract was 2.11±0.08 g as gallic acid equivalent in 
100 g dried extract that is equal to 2.11%.

Protective effects of F. angulata extract on Aβ- in-
duced cytotoxicity 

The results of the cell viability assay by the MTT method 
are shown in Figure 1. One-way ANOVA results indicat-
ed significant differences between groups (F(6,14)=185.2, 
P<0.001). Treatment of PC12 cells with Aβ (0.5 µM) for 24 
h significantly decreased the cell viability. However, pre-
incubation of cells with the extract significantly protected 
the PC12 cells against the Aβ-induced cytotoxicity. This 
protective effect was dose-dependent, and extract at 200 
µg/mL completely attenuated the Aβ-induced cytotoxicity.

Effect of F. angulate extract on ROS production 

ROS production was significantly different between 
groups (F(3, 8)=19.67, P<0.001). The level of intracellular 
ROS significantly increased in cells incubated with Aβ pep-
tide for 24 h, whereas 1 h of pretreatment with 200 μg/mL of 
the F. angulate extract before the addition of Aβ peptide in-
hibited the production of ROS by the Aβ peptide (Figure 2).

Effect of F. angulata extract on GPx activity 

As shown in Figure 3, significant differences were 
observed between groups (F(3, 8)=8.48, P<0.01). After 
incubation of PC12 cells with Aβ peptide, GPx activity 
significantly decreased compared to the control group, 
whereas, pretreatment of PC12 cells with F. angulata 
extract (200 µg/mL) significantly prevented Aβ-induced 
GPx activity reduction. 
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Figure 1. Effect of the F. angulata extract on beta-amyloid 
(Aβ)-induced cytotoxicity in PC12 cells

+++P<0.001 vs. the control group, *P<0.05, ***P<0.001 vs. the 
Aβ-treated group.

Figure 2. ROS production in PC12 cells after treatment with 
beta-amyloid (Aβ) alone and in combination with the F. an-
gulata extract

+++P<0.001 vs. the control group,**P<0.01, ***P<0.001 vs. the 
Aβ-treated group. 
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Effect of F. angulate extract on AChE activity 

The AChE activity was significantly different in groups 
(F(3, 8)=131.8, P<0.001). After incubation of PC12 cells 
with Aβ (0.5 μM) for 24 h, AChE activity significantly 
increased compared to the control group. Pretreatment 
with F. angulate extract declined the Aβ-induced in-
crease in AChE activity. Besides, the treatment of PC12 
cells with the extract alone decreased the AChE activity 
compared to the control group (Figure 4).

Effect of F. angulate extract on caspase-3 activity 

Significant differences were observed in caspase-3 activ-
ity between the studied groups (F(3, 8)=10.28, P<0.01) The 
increased caspase-3 activity was observed in PC12 cells 
following exposure to 0.5 μM Aβ for 24 h, whereas, signif-
icantly diminished caspase-3 activity was detected in PC12 
cells pretreated with the F. angulate extract (Figure 5).

4. Discussion 

Based on pathological studies on AD patients at various 
stages of the disease, in the brain tissue of all these patients, 
accumulated Aβ plaques have been observed. Aβ peptide 
accumulation is involved in developing and progressing 
AD by several mechanisms, including oxidative stress 
(Murpy & LeVine III, 2010). Aβ interacts with mitochon-
drial proteins, enhancing ROS production and inducing 
structural and functional destruction. Mitochondrial mal-
function causes loss of normal activity and death of nerve 
cells (Murpy & LeVine III, 2010; Pagani & Eckert, 2011). 

According to the tests carried out in this study, the 
extract of F. angulata can prevent the oxidative stress 
caused by the Aβ by decreasing ROS production and 
increasing the GPx activity. Thus, it can play an impor-
tant role in cellular defense pathways against oxidative 
stress during the neurodegenerative process in AD. This 
finding is in line with previous studies indicating the 
antioxidant and neuroprotective activity of this extract 
(Rafieian-Kopaei et al, 2014; Sharifi et al., 2015).

Oxidative stress is one of the major mechanisms of Aβ 
toxicity, which occurs due to the depletion of antioxidant 
enzymes and an increase in ROS. It plays an important 
role in the development and progression of neurodegen-
erative diseases, including AD. One of the important 
antioxidant enzymes is GPx, which has an important 
role in providing the equilibrium conditions of oxidant 
and antioxidant agents in the body. After 24 h of cellular 
exposure to Aβ, a significant decrease in the GPx activ-
ity was observed, which corresponded with the previ-
ous studies (Kim et al., 2003). However, in cells treated 
with the extract, increased GPx enzyme activity was 
observed, leading to improved antioxidant conditions. 
Recent studies have shown that F. angulata contains 
phenolic and polyphenolic compounds with antioxidant 
effects and neuroprotective effects; thus, we can assume 
that these compounds can be responsible for the high an-
tioxidant properties of this plant (Hosseini et al., 2012; 
Sodeifian et al., 2011). 

Figure 4. AChE activity in PC12 cells after treatment with 
beta-amyloid (Aβ)alone and in combination with the F. an-
gulata extract

+++P<0.001 vs. the control group and vs. the Aβ-treated 
group.

Figure 3. GPx activity in PC12 cells after treatment with beta-
amyloid (Aβ) alone and in combination with the F. angulata 
extract pre

++P<0.001 vs. the control group, *P<0.05 vs. the Aβ-treated 
group. 
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The results of a study on the hydro-alcoholic extract 
of F. angulata in an ischemic brain tissue model also 
showed that the extract improves behavioral disorders 
and oxidative stress in brain tissue since phenolic com-
pounds have antioxidant and free radical scavenging ef-
fects, this improvement, and recovery might probably be 
due to the presence of these compounds, which confirms 
our findings (Alami-Rostami & Rafieirad, 2018). 

Total phenolic compounds in F. angulata extract were 
measured by Folin-Ciocalto reagent using gallic acid 
as standard. The total extract of this plant was reported 
as 2.11±0.08 g/100g extract or 2.11%, which was sig-
nificant, and these phenolic compounds are likely to be 
responsible for many biological effects, especially the 
antioxidant effects of the extract. 

F. angulata is rich in flavonoids and polyphenolic 
compounds with beneficial effects on the central ner-
vous system (Ebrahimi & Schluesener, 2012). These 
compounds protect neurons against stress-induced dam-
age and suppress neuronal inflammation and reduce 
age-related neuronal damage. Flavonoids appear to play 
a protective role in various ways, including regulating 
intracellular signaling pathways that control life, death, 
and differentiation of neurons, effects on gene expres-
sion, effects on mitochondria, antioxidant effects, and 
metal ion chelating (Spencer, 2007). Consistent with our 
findings, another study reported that flavonoids act as di-
rect free radical scavengers and stabilize ROS with their 
hydroxyl groups (Ebrahimi & Schluesener, 2012).

Acetylcholine was the first neurotransmitter disorder 
detected in AD. Proper performance of acetylcholine is 
essential for short-term memory. Cholinergic disorder in 
AD is believed to be responsible for short-term memory 
impairment (Watanabe et al., 2009). Acetylcholine pre-
cursors, muscarinic agonists, nicotine agonists, and ace-
tylcholinesterase inhibitors are used to treat this disorder, 
of which acetylcholinesterase inhibitors have been the 
most advanced and prosperous. Treatment of AD is a 
serious clinical challenge. With the development of ace-
tylcholinesterase inhibitors, a good perspective has been 
created to control the symptoms of AD (Ferreira-Vieira 
et al., 2016). Acetylcholinesterase enzyme interaction 
with Aβ peptide in the AD brain increases the AChE ac-
tivity, resulting in a more decrease in acetylcholine lev-
els and deterioration of the AD symptoms and increases 
the Aβ toxicity on neurons resulting in more neuronal 
loss and progression of the disease (Alvarez et al., 1998; 
Dinamarca et al., 2008). Aβ increases acetylcholines-
terase activity in vivo and in vitro (Soodi et al., 2017; 
Soodi et al., 2016). This study showed that the extract of 
F. angulata reduced the activity of acetylcholinesterase 
increased by Aβ peptide. This result is consistent with 
another study that showed the cholinesterase enzyme 
inhibitory activity of this plant extract (Hajimehdipoor 
et al., 2014). It should be noted that many polyphenols 
have shown the cholinesterase inhibitory effect, which 
has been associated with improved cognitive function, 
including learning and memory (Ebrahimi & Schluesen-
er, 2012; Roseiro et al., 2012). Besides, the plants of the 
genus Ferulago are rich in sesquiterpene terpene couma-
rin compounds. These compounds may be responsible 
for the major inhibitory effects of this plant on the AChE 
enzyme. However, proving this requires the purification 
of compounds and their accurate evaluation. 

Finally, by evaluating the effect of the F. angulata ex-
tract on the activity of the caspase-3 enzyme (apoptosis 
marker), it was found that the extract reduced the activ-
ity of this enzyme, which implies its anti-apoptotic ef-
fect. Apoptosis plays an important role in the destruc-
tion of neurons in AD. The mechanism of induction of 
Aβ-induced apoptosis has not been clearly elucidated, 
but induction of apoptosis through various pathways, 
such as intracellular calcium homeostasis, impairment 
of mitochondrial structure and activity, increasing free 
radicals and oxidative stress, and production of more au-
tophagic vacuoles have been more observed in the pres-
ence of Aβ (Ghavami et al., 2014). As an example, in 
an experiment on PC12 cells in the presence of Aβ, de-
creased ATP levels, decreased mitochondrial respiratory 
chain activity, and depolarized mitochondrial membrane 
were observed in these cells, causing mitochondrial 

Figure 5. Caspase-3 activity in PC12 cells after treatment 
with beta-amyloid (Aβ)alone and in combination with the 
F. angulata extract

++P<0.05 vs. the control group and *P<0.01 vs. the Aβ-treated 
group.

Hashemi., et al. (2023). F. angulata Against Beta-amyloid-induced Neurotoxicity. BCN, 14(4), 453-462.

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


Basic and Clinical

460

July & August 2023, Volume 14, Number 4

swelling and consequently, the release of cytochrome 
C, which also activated caspase-3 and eventually caused 
apoptosis in these cells (Gao & Tang, 2006). Many vital 
cellular activities, such as division, differentiation, and 
cell growth, are accomplished through the sequential 
process of message transmission and mediated by mes-
senger molecules. Some polyphenols regulate cellular 
pathways and are involved in cell survival (Ebrahimi & 
Schluesener, 2012). Polyphenolic compounds in the F. 
angulata extract may also be responsible for these anti-
apoptotic effects.

5. Conclusion

Overall, this study showed that the treatment of PC12 
cells with Aβ peptide decreased cell viability and in-
creased oxidative stress and acetylcholinesterase activ-
ity. F. angulata extract has a protective effect against Aβ 
toxicity and its induced oxidative stress and apoptosis on 
PC12 cells. This plant acts as a direct scavenger of ROS 
and an antioxidant due to its phenolic compounds and 
can protect cells by removing ROS. Part of these protec-
tive effects may also be due to the acetylcholinesterase 
inhibitory activity of this extract. Thus, it is recommend-
ed to assess the anti-AD effect of this extract in future 
studies in an AD animal model.

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered in 
this research.

Funding

The paper was extracted from the MSc thesis of Leila 
Hashemi, approved by Department of Toxicology, Tarbiat 
Modares University.

Authors' contributions

All authors contributed equally to preparing all parts of 
the research.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

This work as a MSc thesis of Leila Hashemi was finan-
cially supported by Tarbiat Modares University.

References 

Alami-Rostami, S., & Rafieirad, M. (2018). The effect of hydro-
alcoholic Ferulago angulata extract on locomotor activity and 
anxiety caused by hypoperfusion ischemia in adult male rats. 
Journal of Herbmed Pharmacology, 7, 51-55 . [DOI:10.15171/
jhp.2018.09]

Alvarez, A., Alarcón, R., Opazo, C., Campos, E. O., Muñoz, F. 
J., & Calderón, F. H, et al. (1998). Stable complexes involving 
acetylcholinesterase and amyloid-β peptide change the bio-
chemical properties of the enzyme and increase the neurotox-
icity of Alzheimer’s fibrils. Journal of Neuroscience, 18(9), 3213-
3223. [DOI:10.1523/JNEUROSCI.18-09-03213.1998] [PMID] 

Ambure, P., Bhat, J., Puzyn, T., & Roy, K. (2019). Identifying 
natural compounds as multi-target-directed ligands against 
Alzheimer’s disease: An in silico approach. Journal of Biomo-
lecular Structure and Dynamics, 37(5), 1282-1306. [DOI:10.1080
/07391102.2018.1456975] [PMID]

Batool, A., Kamal, M. A., Rizvi, S. M. D., & Rashid, S. (2018) 
Topical discoveries on multi-target approach to manage Alz-
heimer’s disease. Current Drug Metabolism, 19(8), 704-713. [DO
I:10.2174/1389200219666180305152553] [PMID]

Bradford, M. M. (1976). A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Analytical Biochemistry, 72(1-
2), 248-254. [DOI:10.1016/0003-2697(76)90527-3]

Cappai, R., & Barnham, K. J. (2008). Delineating the mechanism of 
Alzheimer’s disease Aβ peptide neurotoxicity. Neurochemical Re-
search, 33(3), 526-532. [DOI:10.1007/s11064-007-9469-8] [PMID]

Carrillo-Mora, P., Luna, R., & Colín-Barenque, L. (2014). Amy-
loid beta: Multiple mechanisms of toxicity and only some pro-
tective effects? Oxidative Medicine and Cellular Longevity, 2014, 
795375. [DOI:10.1155/2014/795375] [PMID]

Castellani, R. J., Lee, H. G., Zhu, X., Perry, G., & Smith, M. A. 
(2008). Alzheimer disease pathology as a host response. Jour-
nal of Neuropathology & Experimental Neurology, 67(6), 523-531. 
[DOI:10.1097/NEN.0b013e318177eaf4] [PMID] 

Castellani, R. J., Rolston, R. K., & Smith, M. A. (2010). Alzheimer 
disease. Disease-a-Month: DM, 56(9), 484–546. [DOI:10.1016/j.
disamonth.2010.06.001] [PMID] 

Cheignon, C., Tomas, M., Bonnefont-Rousselot, D., Faller, P., 
Hureau, C., & Collin, F. (2018). Oxidative stress and the amy-
loid beta peptide in Alzheimer’s disease. Redox Biology, 14, 
450-464. [DOI:10.1016/j.redox.2017.10.014] [PMID] 

Dashti, A., Soodi, M., & Amani, N. (2016). Cr (VI) induced oxi-
dative stress and toxicity in cultured cerebellar granule neu-
rons at different stages of development and protective effect 
of Rosmarinic acid. Environmental Toxicology, 31(3), 269–277.
[DOI:10.1002/tox.22041] [PMID]

Dinamarca, M. C., Arrázola, M., Toledo, E., Cerpa, W. F., 
Hancke, J., & Inestrosa, N. C. Release of acetylcholinesterase 
(AChE) from β-amyloid plaques assemblies improves the 
spatial memory impairments in APP-transgenic mice. Chem-
ico-Biological Interactions, 175(1-3), 142-149. [DOI:10.1016/j.
cbi.2008.05.026] [PMID]

Hashemi., et al. (2023). F. angulata Against Beta-amyloid-induced Neurotoxicity. BCN, 14(4), 453-462.

http://bcn.iums.ac.ir/
https://en.modares.ac.ir/
https://en.modares.ac.ir/
https://en.modares.ac.ir/
https://doi.org/10.15171/jhp.2018.09
https://doi.org/10.15171/jhp.2018.09
https://doi.org/10.1523/JNEUROSCI.18-09-03213.1998
https://www.ncbi.nlm.nih.gov/pubmed/9547230
https://doi.org/10.1080/07391102.2018.1456975
https://doi.org/10.1080/07391102.2018.1456975
https://www.ncbi.nlm.nih.gov/pubmed/29578387
https://doi.org/10.2174/1389200219666180305152553
https://doi.org/10.2174/1389200219666180305152553
https://www.ncbi.nlm.nih.gov/pubmed/29512457
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1007/s11064-007-9469-8
https://www.ncbi.nlm.nih.gov/pubmed/17762917
https://doi.org/10.1155/2014/795375
https://www.ncbi.nlm.nih.gov/pubmed/24683437
https://doi.org/10.1097/NEN.0b013e318177eaf4
https://www.ncbi.nlm.nih.gov/pubmed/18520771
https://doi.org/10.1016/j.disamonth.2010.06.001
https://doi.org/10.1016/j.disamonth.2010.06.001
https://www.ncbi.nlm.nih.gov/pubmed/20831921
https://doi.org/10.1016/j.redox.2017.10.014
https://www.ncbi.nlm.nih.gov/pubmed/29080524
https://doi.org/10.1002/tox.22041
https://www.ncbi.nlm.nih.gov/pubmed/25213303
https://doi.org/10.1016/j.cbi.2008.05.026
https://doi.org/10.1016/j.cbi.2008.05.026
https://www.ncbi.nlm.nih.gov/pubmed/18599028


Basic and Clinical

461

July & August 2023, Volume 14, Number 4

Dos Santos Picanco, L. C., Ozela, P. F., de Fatima de Brito Brito, 
M., Pinheiro, A. A., Padilha, E. C., & Braga, F. S., et al. (2018). 
Alzheimer’s disease: A review from the pathophysiology to 
diagnosis, new perspectives for pharmacological treatment. 
Current Medicinal Chemistry, 25(26), 3141-3159. [DOI:10.2174/
0929867323666161213101126] [PMID]

Dumont, M., & Beal, M. F. (2011). Neuroprotective strate-
gies involving ROS in Alzheimer disease. Free Radical Biol-
ogy and Medicine, 51(5), 1014-1026. [DOI:10.1016/j.freeradbi-
omed.2010.11.026] [PMID] 

Ebrahimi, A., & Schluesener, H. (2012). Natural polyphenols 
against neurodegenerative disorders: Potentials and pit-
falls. Ageing Research Reviews, 11(2), 329-345. [DOI:10.1016/j.
arr.2012.01.006] [PMID]

Ellman, G. L., Courtney, K. D., Andres Jr, V., & Featherstone, 
R. M. (1961). A new and rapid colorimetric determination of 
acetylcholinesterase activity. Biochemical Pharmacology, 7, 88-
95. [DOI:10.1016/0006-2952(61)90145-9] [PMID]

Femminella, G. D., Thayanandan, T., Calsolaro, V., Komici, K., 
Rengo, G., & Corbi, G., et al. (2018). Imaging and molecular 
mechanisms of Alzheimer’s disease: A review. International 
Journal of Molecular Sciences, 19(12), 3702. [DOI:10.3390/
ijms19123702] [PMID] 

Francis, P. T., Palmer, A. M., Snape, M., & Wilcock, G. K. (1999). 
The cholinergic hypothesis of Alzheimer’s disease: A review 
of progress. Journal of Neurology, Neurosurgery & Psychiatry, 
66(2), 137-147. [DOI:10.1136/jnnp.66.2.137] [PMID] 

Gao, X., & Tang, X. C. (2006). Huperzine a attenuates mitochon-
drial dysfunction in β‐amyloid‐treated PC12 cells by reduc-
ing oxygen free radicals accumulation and improving mito-
chondrial energy metabolism. Journal of Neuroscience Research, 
83(6), 1048-1057. [DOI:10.1002/jnr.20791] [PMID]

Ghavami, S., Shojaei, S., Yeganeh, B., Ande, S. R., Jangamreddy, J. 
R., & Mehrpour, M., et al. (2014). Autophagy and apoptosis dys-
function in neurodegenerative disorders. Progress in Neurobiol-
ogy, 112, 24-49. [DOI:10.1016/j.pneurobio.2013.10.004] [PMID]

Ferreira-Vieira, T. H., Guimaraes, I. M., Silva, F. R., & Ribeiro, 
F. M. (2016). Alzheimer’s disease: Targeting the cholinergic 
system. Current Neuropharmacology, 14(1), 101-115. [DOI:10.21
74/1570159X13666150716165726] [PMID] 

Hajimehdipoor, H., Shekarchi, M., Aghighi, A., & Hamzeloo-
Moghadam, M. (2014). Evaluating the acetylcholinesterase 
inhibitory activity of Ferulago angulata and Ferulago subve-
lutina. Research Journal of Pharmacognosy, 1(2), 39-43. [Link]

Hebert, L. E., Weuve, J., Scherr, P. A., & Evans, D. A. (2013). 
Alzheimer disease in the United States (2010-2050) esti-
mated using the 2010 census. Neurology, 80(19), 1778-1783. 
[DOI:10.1212/WNL.0b013e31828726f5] [PMID] 

Heidari, S., Akrami, H., Gharaei, R., Jalili, A., Mahdiuni, H., & 
Golezar, E. (2014). Anti-tumor activity of ferulago angulata 
Boiss. Extract in gastric cancer cell line via induction of ap-
optosis. Iranian Journal of Pharmaceutical Research, 13(4), 1335-
1345. [PMID]

Herrmann, N., Chau, S. A., Kircanski, I., & Lanctot, K. L. (2011). 
Current and emerging drug treatment options for Alzheimer’s 
disease. Drugs, 71(15), 2031-2065. [DOI:10.2165/11595870-
000000000-00000] [PMID]

Hosseini, N., Akbari, M., Ghafarzadegan, R., Changizi Ashti-
yani, S., & Shahmohammadi, R. (2012). Total phenol, antioxi-
dant and antibacterial activity of the essential oil and extracts 
of Ferulago angulata ssp. angulata. Journal of Medicinal Plants 
, 3(43), 80-89. [Link]

Hritcu, L., Bagci, E., Aydin, E., & Mihasan, M. (2015). Antiam-
nesic and antioxidants effects of Ferulago angulata essen-
tial oil against scopolamine-induced memory impairment 
in laboratory rats. Neurochemical Research, 40(9), 1799-1809. 
[DOI:10.1007/s11064-015-1662-6] [PMID]

Jang, J. H., & Surh, Y. J. (2003). Protective effect of resveratrol 
on β-amyloid-induced oxidative PC12 cell death. Free Radical 
Biology and Medicine, 34(8), 1100-1110. [DOI:10.1016/S0891-
5849(03)00062-5] [PMID]

Kiani-Esfahani, A., Kazemi Sheykhshabani, S., Peymani, M., 
Hashemi, M. S., Ghaedi, K., & Nasr-Esfahani, M. H. (2016). 
Overexpression of Annexin A1 suppresses pro-inflammatory 
factors in PC12 cells induced by 1-Methyl-4-Phenylpyridini-
um. Cell Journal, 18(2), 197-204. [PMID] 

Kim, H. C., Yamada, K., Nitta, A., Olariu, A., Tran, M. H., & 
Mizuno, M., et al. (2003). Immunocytochemical evidence that 
amyloid β (1-42) impairs endogenous antioxidant systems 
in vivo. Neuroscience, 119(2), 399-419. [DOI:10.1016/S0306-
4522(02)00993-4] [PMID]

Lorigooini, Z., Koravand, M., Haddadi, H., Rafieian-Kopaei, M., 
Shirmardi, H. A., & Hosseini, Z. (2019). A review of botany, 
phytochemical and pharmacological properties of Ferulago 
angulata. Toxin Reviews, 38(1), 13-20. [DOI:10.1080/15569543
.2017.1399277]

Masters, C. L., & Selkoe, D. J. (2012). Biochemistry of amy-
loid β-protein and amyloid deposits in Alzheimer disease. 
Cold Spring Harbor Perspectives in Medicine, 2(6), a006262. 
[DOI:10.1101/cshperspect.a006262] [PMID] 

Mosmann, T. (1983). Rapid colorimetric assay for cellular 
growth and survival: Application to proliferation and cyto-
toxicity assays. Journal of Immunological Methods, 65(1-2), 55-
63. [DOI:10.1016/0022-1759(83)90303-4]

Murpy, M., & LeVine III, H. (2010). Alzheimer’s disease and the 
β-amyloid peptide. Journal of Alzheimer's Disease, 19(1), 311-
323. [DOI:10.3233/JAD-2010-1221] [PMID] 

Ono, K., Hamaguchi, T., Naiki, H., & Yamada, M. (2006). Anti-
amyloidogenic effects of antioxidants: Implications for the 
prevention and therapeutics of Alzheimer’s disease. Bio-
chimica et Biophysica Acta, 1762(6), 575–586. [DOI:10.1016/j.
bbadis.2006.03.002] [PMID]

Pagani, L., & Eckert, A. (2011). Amyloid-Beta interaction with 
mitochondria. International Journal of Alzheimer’s Disease, 2011, 
925050. [DOI:10.4061/2011/925050] [PMID] 

Rafieian-Kopaei, M., Shahinfard, N., Rouhi-Boroujeni, H., 
Gharipour, M., & Darvishzadeh-Boroujeni, P. (2014). Effects 
of Ferulago angulata extract on serum lipids and lipid peroxi-
dation. Evidence-Based Complementary and Alternative Medicine, 
2014, 680856. [DOI:10.1155/2014/680856] [PMID]

Roseiro, L. B., Rauter, A. P., & Serralheiro, M. L. M. (2012). Poly-
phenols as acetylcholinesterase inhibitors: Structural specific-
ity and impact on human disease. Nutrition and Aging, 1(2), 
99-111. [DOI:10.3233/NUA-2012-0006]

Hashemi., et al. (2023). F. angulata Against Beta-amyloid-induced Neurotoxicity. BCN, 14(4), 453-462.

http://bcn.iums.ac.ir/
https://doi.org/10.2174/0929867323666161213101126
https://doi.org/10.2174/0929867323666161213101126
https://www.ncbi.nlm.nih.gov/pubmed/30191777
https://doi.org/10.1016/j.freeradbiomed.2010.11.026
https://doi.org/10.1016/j.freeradbiomed.2010.11.026
https://www.ncbi.nlm.nih.gov/pubmed/21130159
https://doi.org/10.1016/j.arr.2012.01.006
https://doi.org/10.1016/j.arr.2012.01.006
https://www.ncbi.nlm.nih.gov/pubmed/22336470
https://doi.org/10.1016/0006-2952(61)90145-9
https://www.ncbi.nlm.nih.gov/pubmed/13726518
https://doi.org/10.3390/ijms19123702
https://doi.org/10.3390/ijms19123702
https://www.ncbi.nlm.nih.gov/pubmed/30469491
https://doi.org/10.1136/jnnp.66.2.137
https://www.ncbi.nlm.nih.gov/pubmed/10071091
https://doi.org/10.1002/jnr.20791
https://www.ncbi.nlm.nih.gov/pubmed/16493671
https://doi.org/10.1016/j.pneurobio.2013.10.004
https://www.ncbi.nlm.nih.gov/pubmed/24211851
https://doi.org/10.2174/1570159X13666150716165726
https://doi.org/10.2174/1570159X13666150716165726
https://www.ncbi.nlm.nih.gov/pubmed/26813123
https://www.rjpharmacognosy.ir/article_4760.html
https://doi.org/10.1212/WNL.0b013e31828726f5
https://www.ncbi.nlm.nih.gov/pubmed/23390181
https://pubmed.ncbi.nlm.nih.gov/25587323/
https://doi.org/10.2165/11595870-000000000-00000
https://doi.org/10.2165/11595870-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21985169
http://bcn.iums.ac.ir/page/74/Open-Access-Policy
https://doi.org/10.1007/s11064-015-1662-6
https://www.ncbi.nlm.nih.gov/pubmed/26168780
https://doi.org/10.1016/S0891-5849(03)00062-5
https://doi.org/10.1016/S0891-5849(03)00062-5
https://www.ncbi.nlm.nih.gov/pubmed/12684095
https://pubmed.ncbi.nlm.nih.gov/27540524/
https://doi.org/10.1016/S0306-4522(02)00993-4
https://doi.org/10.1016/S0306-4522(02)00993-4
https://www.ncbi.nlm.nih.gov/pubmed/12770555
https://doi.org/10.1080/15569543.2017.1399277
https://doi.org/10.1080/15569543.2017.1399277
https://doi.org/10.1101/cshperspect.a006262
https://www.ncbi.nlm.nih.gov/pubmed/22675658
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.3233/JAD-2010-1221
https://www.ncbi.nlm.nih.gov/pubmed/20061647
https://doi.org/10.1016/j.bbadis.2006.03.002
https://doi.org/10.1016/j.bbadis.2006.03.002
https://www.ncbi.nlm.nih.gov/pubmed/16644188
https://doi.org/10.4061/2011/925050
https://www.ncbi.nlm.nih.gov/pubmed/21461357
https://doi.org/10.1155/2014/680856
https://www.ncbi.nlm.nih.gov/pubmed/24707310
https://doi.org/10.3233/NUA-2012-0006


Basic and Clinical

462

July & August 2023, Volume 14, Number 4

Seidel, V. (2012). Initial and bulk extraction of natural products 
isolation. Methods in Molecular Biology (Clifton, N.J.), 864, 27–
41. [DOI:10.1007/978-1-61779-624-1_2] [PMID]

Sepand, M. R., Soodi, M., Hajimehdipoor, H., Soleimani, M., & 
Sahraei, E. (2013). Comparison of neuroprotective effects of 
Melissa officinalis total extract and its acidic and non-acidic 
fractions against a β-induced toxicity. Iranian Journal of Phar-
maceutical Research: IJPR, 12(2), 415-423. [PMID]

Sharifi, F., Rafieirad, M., & Sazegar, H. (2015). Effects of ferula 
go angulata extract against oxidative stress induced by 6-hy-
droxydopamine in rats. Journal of Maedical Plants, 14(53), 34-
44. [Link]

Singleton, V. L., Orthofer, R., & Lamuela-Raventós, R. M. 
(1999). [14] Analysis of total phenols and other oxidation sub-
strates and antioxidants by means of folin-ciocalteu reagent. 
Methods in Enzymology, 299, 152-178. [DOI:10.1016/S0076-
6879(99)99017-1]

Sodeifian, G., Ansari, K., Bamoniri, A., & Mirjalili, B. F. (2011). 
Study of chemical composition of the essential oil of ferulago 
angulata (schelcht) boiss. From Iran using supercritical fluid 
extraction and nano scale injection. Digest Journal of Nanomate-
rials & Biostructures, 6(1), 161-168. [Link]

Soodi, M., Dashti, A., Hajimehdipoor, H., Akbari, S., & Ataei, N. 
(2017). Melissa officinalis acidic fraction protects cultured cer-
ebellar granule neurons against beta amyloid-induced apop-
tosis and oxidative stress. Cell Journal, 18(4), 556-564. [PMID] 

Soodi, M., Saeidnia, S., Sharifzadeh, M., Hajimehdipoor, H., 
Dashti, A., & Sepand, M. R., et al. (2016). Satureja bachtiar-
ica ameliorate beta-amyloid induced memory impairment, 
oxidative stress and cholinergic deficit in animal model of 
Alzheimer’s disease. Metabolic Brain Disease, 31(2), 395-404. 
[DOI:10.1007/s11011-015-9773-y] [PMID]

Spencer, J. P. (2007). The interactions of flavonoids within neu-
ronal signalling pathways. Genes & Nutrition, 2(3), 257-273. 
[DOI:10.1007/s12263-007-0056-z] [PMID] 

Sun, X., Chen, W. D., & Wang, Y. D. (2015). β-Amyloid: The 
key peptide in the pathogenesis of Alzheimer’s disease. Fron-
tiers in Pharmacology, 6, 221. [DOI:10.3389/fphar.2015.00221] 
[PMID]

Wang, X., Wang, W., Li, L., Perry, G., Lee, H. G., & Zhu, X. 
(2014). Oxidative stress and mitochondrial dysfunction in 
Alzheimer’s disease. Biochimica et Biophysica Acta, 1842(8), 
1240–1247. [DOI:10.1016/j.bbadis.2013.10.015] [PMID] 

Watanabe, T., Yamagata, N., Takasaki, K., Sano, K., Hayakawa, 
K., & Katsurabayashi, S., et al. (2009). Decreased acetylcholine 
release is correlated to memory impairment in the Tg2576 
transgenic mouse model of Alzheimer’s disease. Brain Re-
search, 1249, 222-228. [DOI:10.1016/j.brainres.2008.10.029] 
[PMID]

Zareii, B., Seyfi, T., Movahedi, R., Cheraghi, J., & Ebrahimi, S. 
(2014). [Antibacterial effects of plant extracts of Alcea digitata 
L., Satureja bachtiarica L. and Ferulago angulata L (Persian)]. 
Journal of Babol University of Medical Sciences, 16(1), 31-37. 
[Link]

Hashemi., et al. (2023). F. angulata Against Beta-amyloid-induced Neurotoxicity. BCN, 14(4), 453-462.

http://bcn.iums.ac.ir/
https://doi.org/10.1007/978-1-61779-624-1_2
https://www.ncbi.nlm.nih.gov/pubmed/22367892
https://pubmed.ncbi.nlm.nih.gov/24250617/
http://jmp.ir/article-1-121-fa.html
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://web.p.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18423582&AN=136779638&h=ZegJ7eXucJw0Bi8qPCKDIsPz8MPFzEoqdz7Yw%2ftaWlBxL0aBIZIFiPacWJ177f8J%2bJyCoiLpZFOViMWp0HFR2A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18423582%26AN%3d136779638
https://pubmed.ncbi.nlm.nih.gov/28042540/
https://doi.org/10.1007/s11011-015-9773-y
https://www.ncbi.nlm.nih.gov/pubmed/26638718
https://doi.org/10.1007/s12263-007-0056-z
https://www.ncbi.nlm.nih.gov/pubmed/18850181
https://doi.org/10.3389/fphar.2015.00221
https://www.ncbi.nlm.nih.gov/pubmed/26483691
https://doi.org/10.1016/j.bbadis.2013.10.015
https://www.ncbi.nlm.nih.gov/pubmed/24189435
https://doi.org/10.1016/j.brainres.2008.10.029
https://www.ncbi.nlm.nih.gov/pubmed/18996097
http://jbums.org/article-1-4607-en.html

