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Abstract

Introduction: Cadmium (Cd) is the most dangerous heavy metal that is becoming more
widespread in nature as a result of industrial activities. One of the toxic effects of Cd on
the body is its neurological effect. The mechanism of these effects has been attributed
to the induction of oxidative stress. Ferulla plant has antioxidant properties. In the
present study, the aim was to reduce the toxic effects of Cd on memory impairment
in rats by through the consumption of Ferulla extract.

Materials & Method: Rats were randomly divided into five groups of six: (1) control
group, (2) 300 M cadmium exposure group, and three treatment groups with doses of
(3) 100, (4) 300, and (5) 600 mg/kg.BW of F. Ferulla extract after Cd exposure. To induce
neurotoxicity, Cd was daily injected peritoneally at a concentration of 300 uM in 1 ml of
normal saline for a week. Next, for 3 weeks, the Cd group received 1 ml of normal peri-
toneal saline, and the treatment groups received F. Ferulla extract at concentrations of
100, 300, and 600 mg/kg.BW in 1 ml of normal saline daily for a week. At the end of
the treatment period, a water maze was used to assess memory disorders. Malondi-
aldehyde (MDA), glutathione concentration (GSH), and glutathione peroxidase (GPX)
activity in nerve tissue were also measured. Morris water maze was also performed
after intervention.

Results: Cd-induced neurotoxicity was shown in Cd groups. MDA, GSH, and GPX have
a significant difference in comparison between the Cd and 300, 600 treated groups.
MDA has a significant increase (p < 0.05), and GSH and GPX have a significant decrease
(b < 0.05). The results of the Morris water maze showed that the Cd group spent either
300 or 600 more distances and time to find a place to escape, which was significant
(0 <0.05)

Conclusion: Cd exposure can induce neurotoxicity and disrupt learning and memory.
On the other hand, Ferulla extract can improve learning and memory in Cd-induced
neurotoxicity model via induced antioxidant defense system.
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1 | INTRODUCTION

Cadmium (Cd) and its salts are among the most common environmen-
tal pollutants that are increasing in intensity due to the development of
industrial processes and activities (Tanu et al., 2018). This heavy metal
has very toxic effects on the body of organisms, especially humans
(Tanu et al., 2018; Yu et al., 2018). Human beings are daily exposed
to this ubiquitous environmental toxicant through nonoccupational
sources, including food and water ingestion, and occupational sources,
mainly in processes involving heating Cd-containing materials, such as
the production of alloys and batteries (da Silva et al., 2020).

According to the Toxic Substance and Disease Registry (ATDSR),
Cd is the seventh most toxic heavy metal (Branca et al., 2018). Expo-
sure to Cd occurs in a variety of ways, including access through the
gastrointestinal tract. With the increase of smoking, the respiratory
tract has also become one of the methods of exposure (Goering et al.,
1994; Klaassen et al., 2009; Waalkes, 2003). Continuous exposure
to Cd leads to its accumulation in vital tissues, causing dysfunction
(Jacobo-Estrada et al., 2017; Wajdzik et al., 2017). Harmful effects of
Cd exposure have been demonstrated in some studies, especially in
mice (Halder, Kar, Galav et al., 2016; Halder, Kar, Mehta et al., 2016).
Major adverse effects of Cd exposure have been attributed to oxidative
stress (Fongsupa et al., 2015; Skipper et al., 2016). Changes of intracel-
lular calcium (Ca) levels is another pathogenic effect of Cd (Berridge
et al., 2000) The toxic effects of Cd are highly dose-dependent and vary
from cell damage, cell death to organ dysfunction (Lopez et al., 2003;
Pacini et al., 2009). Toxic effects from exposure to Cd have also been
attributed to its long half-life and ability to accumulate in tissues for
long periods of time (Andrade et al., 2017).

Cd damage has been identified in tissues of the liver, kidneys, lungs,
the reproductive system, as well as the brain and nervous system in
Chong et al. (2017). It was also demonstrated that the itai-itai disease
occurred in Japan due to Cd exposure (Sun et al., 2021).

These complications have shown a wide range of symptoms regard-
less of the patient’s age, such as taste disturbance, neurological and
peripheral disorders (testicular disorder, skeleton problem, nephropa-
thy (da Silva et al., 2020)), mental fatigue, learning disabilities, as well
as motor and behavioral disorders (Wang & Du, 2013). In addition,
Cd-induced neurotoxicity in several neurodegenerative diseases such
as Alzheimer’s (AD), Parkinson’s (PD) (Chin-Chan et al., 2015), multi-
ple sclerosis (MS) (Sheykhansari et al., 2018), and encephalomyelitis
myalgia (Pacini et al., 2009), has been reported. Cd enters mammalian
cells through both active (ABC family carriers and receptor-dependent
endocytosis) and passive (nonspecific carriers and channels) pathways,
and its metabolism appears to be similar to Ca metabolism, due to its
dual capacity (Choong et al., 2014; Thévenod, 2010).

The most important mechanism in the development of Cd-induced
toxicity that is accepted by researchers is the induction of an oxidative
stress system centered on reactive oxygen species (Jomova & Valko,
2011).

Numerous reports of oxidative condition modification by the antiox-

idant system and thiol groups in the presence of low concentrations of
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Cd (1-10 uM) are available, and due to the high tendency of Cd to thiol
groups, metallothionein and glutathione are the main removers of Cd
(Sandbichler & Hockner, 2016). Since Cd can easily cross the blood-
brain barrier membrane, neurotoxic effects will be inevitable (Flora
etal, 2008).

Previous studies reported antioxidant responses and the role of
Moringa oleifera leaf extract for the mitigation of Cd-stressed Lepidium
sativum L (Khalofah et al., 2020). The F. Ferulla plant, as a native plant of
Iran, has strong antioxidant properties. The extract of this plant is rich
in flavonoid and alkaloid compounds, with antioxidant properties that
can increase the body’s antioxidant capacity (Lahazi et al., 2015). We
also reported protective effects of F. Ferulla against Pb-induced neuro-
toxicity (Khastar et al., 2019). The aim of present study was to reduce
the effects of neurotoxicity in the brains of Cd-exposed mice using

F. Ferulla extract.

2 | MATERIALS AND METHODS

2.1 | Preparation of the extract

The F. Ferulla leaves were purchased from perfumers from Shahroud,
Semnan province, Iran, in the spring, and were approved by a botanist,
then dried in the shade.

To provide a hydro-alcoholic extract, the grounded dried leaves
(50 g) of the plant were drenched in ethanol (50%) for 48 h using a
paper filter. The extract was then filtered. A rotary vacuum evaporator
was used to dry the extract (Norouzi et al., 2019).

2.2 | Animals and treatments

In order to conduct the present experimental study, 30 male Wistar
rats with an average weight of 245 + 20 g were used. The samples were
placed in the laboratory at a temperature of 22°C and free access to
water and food was given for a week, before the start of the experi-
ment, for the purpose of their adaption to the environment. It is note-
worthy that ethical points regarding the care of laboratory animals
were observed throughout the work.

Rats were randomly divided into five groups (n = 5):

1) Control group, which received 1 ml normal saline i.p.

2) Cd group, which received 300 uM Cd volume of 1 ml normal
saline (Khastar et al., 2019).

3-5) Cd plus extract, three treatment groups at doses of 100, 300,
and 600 mg/kg BW of F. Ferulla extract (Sani et al., 2010). To
induce neurotoxicity, Cd was injected peritoneally at aconcen-
tration of 300 M in 1 ml of normal saline for a week. Then, for
3 weeks, the Cd group received interaperitonealy, 1 ml of nor-
mal saline, and the treatment groups received F. Ferulla extract
at concentrations of 100, 300, and 600 kg BW daily dissolved

in 1 ml of normal saline. At the end of the treatment period,
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a water maze was used to assess memory disorders. Malone-
dialdehyde and glutathione concentration, and glutathione
peroxidase activity in the hippocampus were also measured as
described below.

2.3 | Morris water maze

In order to evaluate the learning and spatial memory of the rats, a Mor-
ris water maze was used after the treatment of the rats in the above-
mentioned manner. The water maze was a black cylindrical water tank
with a diameter of 142 cm and a height of 80 cm, filled with water of
20 + 2°C, slightly more than half full. A black metal platform with a
diameter of 15 cm was placed in the center of one of the quarters of
the circle, at a depth of 1 cm. This platform was only for the animal to
escape from the water, and was placed on a pedestal at the bottom of
the tank. The room where the maze was located had additional objects
and signs installed, such as signs, posters, shelves, and so forth. The
room was completely dark. Each rat underwent four trials over 4 days.
To learn the location of the platform from a range that was randomly
determined by a computer program, the rat would enter the tank fac-
ing the wall, giving the rat a minute to find the platform, otherwise it
would be led to the platform.

After each experiment in which the rat found the platform, it was
allowed to sit on the platform for 30 s and examine the surround-
ings. Then, the next trial began. At each test interval, the animal was
returned to the cage for 30 s. A video camera was mounted on top
of the tank to film the animal during the test. The obtained informa-
tion was transferred to the computer and analyzed using a tracking
software. In each experiment, various indicators such as time taken to
find the platform in terms of seconds, distance traveled in centimeters,
swimming speed in centimeters per second, and stay-time in each quar-
ter of the circle, were analyzed. Each day after the test, the rats were
dried and warmed gently with a towel and then returned to their cages.
After a 4-day training period, the platform was removed on the fifth
day, each rat was allowed to search the tank site for 1 min. The percent-
age of distance and time that it swimmed in the platform area during
this 1 min, and the number of times it entered the platform area were

measured.

24 |
stress

Tissue collection and evaluation of oxidative

To evaluate oxidative stress indices, the following were measured in
nerve tissue: Malondialdehyde and glutathione concentration, and glu-
tathione peroxidase activity. At the end of the study, the rats were
anesthetized using ketamine and zylosin, and then euthanized; their
hippocampi were harvested. Immediately, its wet weight was measured
and transferred to a liquid nitrogen tank. Next, using commercial kits
(Biovision, USA), the amounts of malonedialdehyde (MDA\), glutathione
(GSH), and glutathione peroxidase (GPX) were determined in homoge-

nized hippocampi as per kit instructions.
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2.5 | Statistical analysis

One-way analysis of variance was done to compare the differences
between the groups. Tukey Post test was then used to examine the
pairs of groups. Finally, the data were considered as mean + standard
deviation (Mean + SD) for each group, and in all cases p < 0.05 was cal-

culated as the level of significance.

3 | RESULTS

There was a significant difference between Cd and control groups in
terms of delay in finding the platform during the 4-day training period.
The Cd group was able to find the platform notably later (p < 0.01). This
delay was also present in the treatment groups, and was significant in
the treatment group with the dose of 100 mg/kg, compared to the con-
trol (p < 0.05), unlike the other treatment groups, as shown in Figure 1.

In this regard, the Cd group rats traveled more distance to find a
rescue platform, which was significant compared to the control group
(p<0.01). In addition, the treatment group with the dose of 100 mg/kg,
compared with the control group, traveled more distance to find a res-
cue platform (p < 0.05), whereas in the other two treatment groups
(300, 600) it was not significant, as indicated in Figure 2.

On day 5, after the removal of the platform and performance of
the test, the stay-time of rats within the platform in the Cd group and

the treatment group at a dose of 100 mg/kg was significantly lower
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platform on the fifth day

in comparison to the control group (p < 0.01), whereas in the treat-
ment groups of 300 and 600 mg/kg, there was no significant difference
(p < 0.05), as shown in Figure 3.

In terms of distance traveled to find the location of the removed
platform on the fifth day, the Cd group and the 100 mg/kg dosed-
treatment group traveled longer to be present at the site, which was
statistically significant compared to the control group (p < 0.01). There
were no significant differences between the treatment groups with the
dose of 300 and 600 mg/kg and the control group (Figure 4).

Examination of hippocampus oxidative stress indices showed sig-
nificant differences among the Cd group, the treatment group at a
dose of 100 mg/kg, and the control group. The results showed elevated
malonedialdehyde concentration (p < 0.01) (Figure 5a), and decreased
glutathione concentration (Figure 5a), and glutathione peroxidase
(Figure 5c¢) activity (p < 0.05) in Cd group and the treatment group with
the dose of 100 mg/kg. Oxidative stress indices in the treatment groups
of 300 and 600 mg/kg were not changed significantly, compared to the
control group (Figure 5).

4 | DISCUSSION

What is known today is that Cd can enter the central nervous sys-
tem (CNS) by increasing blood-brain barrier permeability (Shukla &
Chandra, 1987); its accumulation in nerve tissues leads to cell dysfunc-
tion and, consequently, occurrence of diseases such as AD, PD, and

ASD (autism spectrum disorder) (Barnham & Bush, 2008; Goncalves
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et al., 2010). The results of previous studies show that Cd, after
penetrating the cell, interacts with voltage-dependent Ca channels and
impairs Ca homeostasis (Snutch et al., 2013). In addition, Cd causes cell
damage and apoptosis by inducing the release of cytochrome C from
mitochondria (Polson et al., 2011)

Since the CNS is rich in lipids, the formation and increase of any
free radicals, and then oxidative stress, can lead to the beginning of
lipid oxidation and the production of malondialdehyde (El-Tarras et al.,
2016). In addition to lipid oxidation, macromolecules such as proteins
oxidize, resulting in the formation of L-carbon groups, which are asso-
ciated with protein dysfunction, and consequently, cell damage, as an
indicator of neurotoxicity.

In the present study, it is shown that exposure to Cd significantly
increases the time and distance traveled by rats to find the platform
on training days, and even the location of the platform on the last day
of the Morris water maze test, indicating damage to areas related to
memory and learning in the nervous system. Groups treated at high
doses were significantly more successful than the Cd group in finding
the lifeline in the shortest time and distance. Even after the removal of
the platform, they had a good memory of the location of the platform,
and the duration of their stay time and the frequency of their presence
at the location of the removed platform decreased. This could indicate
a possible increased risk of AD in people exposed to Cd (Barnham &
Bush, 2008).

Also, an increase in malonedialdehyde levels was observed in
the Cd-exposed group, while the concentration of glutathione and
glutathione peroxidase activity as antioxidant defense elements
decreased. In addition, increased cell oxidative damage, and memory
and learning power impairment were also observed in rats exposed

to Cd. The reason for observing these results can be explained in the
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tendency of Cd to sulfhydryl groups and therefore, the decrease in glu-
tathione concentration and glutathione peroxidase activity.

The Ferulla plant is native to Iran. Numerous studies have shown
that its extract are compounds containing sulfhydryl group. Also,
terpenes are a major part of its active compounds. These groups
have antioxidant properties (Lahazi et al., 2015), and since the main
mechanism of the damage caused by exposure to Cd is oxidative
stress, the use of compounds with antioxidant properties is effective in
preventing lesions and improving symptoms. Evidence of this claim is
the normal behavior of rats with memory impairment in learning about
rescue platform and finding it, which was observed in treatment groups
300 and 600. In the Cd group, a disorder caused by nerve damage was
observed.

The results of the present study suggest that Cd-exposure in rats
impairs their memory and learning ability due to the neurotoxic effects
of the metal. Ferulla plant extract, due to its antioxidant properties, was
able to act as an antioxidant and neuroprotective agent, and improve
the symptoms of Cd-toxicity. The results of the oxidative stress study
confirmed the mechanism of injury, which was observed with antioxi-
dant therapy, along with the improvement of oxidative stress indices,

proper memory function, and learning power.

5 | CONCLUSION

The aim of the present study was to investigate the effect of aqueous
alcoholic extract of Ferulla plant on memory disorders in Cd-exposed
rats, and to determine its probabilistic mechanism. We found that daily
exposure to Cd could impair memory in exposed rats, but administra-
tion of aqueous alcohol extract in dose-dependent Ferulla improved
memory. These results suggest that the compounds in the extract
may be able to counteract the process of memory impairment in Cd-
exposed rats and reduce its effects and improve the memory disorder.

ACKNOWLEDGMENT
This study was supported by Grant Number 9710, from the Shahroud

University of Medical Sciences.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS

Investigation: Homeyra Fadaei. Conceptualization, data curation, and
investigation: Asghar Farajzadeh. Data curation and investigation: Seyed
Sharokh Aghayan. Validation and visualization: Soheilaalsadat Mirhos-
seiniardakani. Methodology and formal analysis: Behzad Garmabi. Project
administration, writing original draft, writing review editing, and supervi-

sion: Moslem Jafarisani.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2285.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Moslem Jafarisani "= https://orcid.org/0000-0002-8341-6049

REFERENCES

Andrade, V., Mateus, M. L., Marreilha Dos Santos, A. P, Batoréu, M. C., &
Aschner, M. (2017). Neurotoxicity of metal mixtures. Advances in Neuro-
biology, 18,227-265. http://doi.org/10.1007/978-3-319-60189-2_12

Barnham, K. J., & Bush, A. |. (2008). Metals in Alzheimer’s and Parkinson’s
diseases. Current Opinion in Chemical Biology, 12(2), 222-228. http://doi.
org/10.1016/j.cbpa.2008.02.019

Berridge, M. J., Lipp, P, & Bootman, M. D. (2000). The versatility and uni-
versality of calcium signalling. Nature Reviews Molecular Cell Biology, 1(1),
11-21. http://doi.org/10.1038/35036035

Branca, J. J. V., Morucci, G., & Pacini, A. (2018). Cadmium-induced neurotox-
icity: Still much ado. Neural Regeneration Research, 13(11), 1879.

Chin-Chan, M., Navarro-Yepes, J., & Quintanilla-Vega, B. (2015). Envi-
ronmental pollutants as risk factors for neurodegenerative disorders:
Alzheimer and Parkinson diseases. Frontiers in Cellular Neuroscience, 9,
124. http://doi.org/10.3389/fncel.2015.00124

Chong, W., Jiménez, J., Mcllvin, M,, Saito, M. A,, & Kwakye, G. F. (2017).
a-Synuclein enhances cadmium uptake and neurotoxicity via oxidative
stress and caspase activated cell death mechanisms in a dopaminergic
cell model of Parkinson'’s disease. Neurotoxicity Research, 32(2),231-246.
http://doi.org/10.1007/s12640-017-9725-x

Choong, G,, Liu, Y., & Templeton, D. M. (2014). Interplay of calcium and cad-
mium in mediating cadmium toxicity. Chemico-Biological Interactions, 211,
54-65. http://doi.org/10.1016/j.cbi.2014.01.007

da Silva, J., Gongalves, R. V., de Melo, F. C. S. A, Sarandy, M. M., & da Matta,
S. L. P.(2020). Cadmium exposure and testis susceptibility: A systematic
review in murine models. Biological Trace Element Research, 199, 2663~
2676, https://doi.org/10.1007/s12011-020-02389-0

El-Tarras, A. E.I-S., Attia, H. F,, Soliman, M. M., El Awady, M. A, &
Amin, A. A. (2016). Neuroprotective effect of grape seed extract
against cadmium toxicity in male albino rats. International Journal of
Immunopathology and Pharmacology, 29(3), 398-407. http://doi.org/10.
1177/0394632016651447

Flora, S. J. S., Mittal, M., & Mehta, A. (2008). Heavy metal induced oxidative
stress & its possible reversal by chelation therapy. Indian Journal of Medi-
cal Research, 128(4), 501.

Fongsupa, S., Soodvilai, S., Muanprasat, C., Chatsudthipong, V., & Soodvilai,
S.(2015). Activation of liver X receptors inhibits cadmium-induced apop-
tosis of human renal proximal tubular cells. Toxicology Letters, 236(3),
145-153. http://doi.org/10.1016/j.toxlet.2015.05.010

Goering, P. L., Waalkes, M. P, & Klaassen, C. D. (1994). Toxicology of met-
als. Handbook of Experimental Pharmacology, 115, 189. http://doi.org/10.
1007/978-3-642-79162-8_9

Gongalves, J. F, Fiorenza, A. M., Spanevello, R. M., Mazzanti, C. M., Bochi,
G. V, Antes, F. G,, Stefanello, N., Rubin, M. A, Dressler, V. L., & Morsch,
V. M. (2010). N-acetylcysteine prevents memory deficits, the decrease
in acetylcholinesterase activity and oxidative stress in rats exposed to
cadmium. Chemico-Biological Interactions, 186(1), 53-60. http://doi.org/
10.1016/j.chi.2010.04.011

Halder, S., Kar, R, Galav, V., Mehta, A. K., Bhattacharya, S. K., Mediratta, P.
K., & Banerjee, B. D. (2016). Cadmium exposure during lactation causes
learning and memory-impairment in F1 generation mice: Amelioration
by quercetin. Drug and Chemical Toxicology, 39(3), 272-278. http://doi.
org/10.3109/01480545.2015.1092042

Halder, S., Kar, R, Mehta, A. K, Bhattacharya, S. K., Mediratta,
P. K., & Banerjee, B. D. (2016). Quercetin modulates the effects of


https://publons.com/publon/10.1002/brb3.2285
https://publons.com/publon/10.1002/brb3.2285
https://orcid.org/0000-0002-8341-6049
https://orcid.org/0000-0002-8341-6049
http://doi.org/10.1007/978-3-319-60189-2_12
http://doi.org/10.1016/j.cbpa.2008.02.019
http://doi.org/10.1016/j.cbpa.2008.02.019
http://doi.org/10.1038/35036035
http://doi.org/10.3389/fncel.2015.00124
http://doi.org/10.1007/s12640-017-9725-x
http://doi.org/10.1016/j.cbi.2014.01.007
https://doi.org/10.1007/s12011-020-02389-0
http://doi.org/10.1177/0394632016651447
http://doi.org/10.1177/0394632016651447
http://doi.org/10.1016/j.toxlet.2015.05.010
http://doi.org/10.1007/978-3-642-79162-8_9
http://doi.org/10.1007/978-3-642-79162-8_9
http://doi.org/10.1016/j.cbi.2010.04.011
http://doi.org/10.1016/j.cbi.2010.04.011
http://doi.org/10.3109/01480545.2015.1092042
http://doi.org/10.3109/01480545.2015.1092042

Brain and Behavior

' | WILEY

chromium exposure on learning, memory and antioxidant enzyme
activity in F 1 generation mice. Biological Trace Element Research, 171(2),
391-398. http://doi.org/10.1007/s12011-015-0544-8

Jacobo-Estrada, T, Santoyo-Sanchez, M., Thévenod, F., & Barbier, O. (2017).
Cadmium handling, toxicity and molecular targets involved during
pregnancy: Lessons from experimental models. International Journal of
Molecular Sciences, 18(7), 1590. http://doi.org/10.3390/ijms18071590

Jomova, K., & Valko, M. (2011). Advances in metal-induced oxidative stress
and human disease. Toxicology, 283(2-3), 65-87. http://doi.org/10.1016/
j.tox.2011.03.001

Khalofah, A., Bokhari, N. A, Migdadi, H. M., & Alwahibi, M. S. (2020). Antiox-
idant responses and the role of Moringa oleifera leaf extract for mitigation
of cadmium stressed Lepidium sativum L. South African Journal of Botany,
129,341-346. http://doi.org/10.1016/j.5ajb.2019.08.041

Khastar, H., Mehdizadeh, S., Safdar, N. H., Maryam, S., Iman, S., Tahmouras,
M., & Reza, J., M. (2019). Reducing Cadmium Induced Bone Marrow
Toxicity Using Hydro-Alcoholic Extract of F. Felabeliluba, 14(1), 43-50.
https://doi.org/10.22100/jkh.v14i1.2165

Klaassen, C. D,, Liu, J., & Diwan, B. A. (2009). Metallothionein protection of
cadmium toxicity. Toxicology and Applied Pharmacology, 238(3), 215-220.
http://doi.org/10.1016/j.taap.2009.03.026

Lahazi, V., Taheri, G., & Jafarisani, M. (2015). Ferula flabelliloba ve Ferula
diversivitata ekstraktlarinin antioksidan enzim aktiviteleri [Antioxidant
enzymes activity of Ferula flabelliloba and Ferula diversivitata extracts].
Turk Biyokimya Dergisi [Turkish Journal of Biochemistry], 40(4), 310-315.

Lopez, E., Figueroa, S., Oset-Gasque, M. J.,, & Gonzalez, M. P. (2003). Apop-
tosis and necrosis: Two distinct events induced by cadmium in corti-
cal neurons in culture. British Journal of Pharmacology, 138(5), 901-911.
http://doi.org/10.1038/sj.bjp.0705111

Norouzi, F., Hosseini, M., Abareshi, A., Beheshti, F., Khazaei, M., Shafei,
M. N., Soukhtanloo, M., Gholamnezhad, Z., & Anaeigoudari, A. (2019).
Memory enhancing effect of Nigella sativa hydro-alcoholic extract on
lipopolysaccharide-induced memory impairment in rats. Drug and Chem-
ical Toxicology, 42(3), 270-279. http://doi.org/10.1080/01480545.2018.
1447578

Pacini, S., Punzi, T., Morucci, G., Gulisano, M., & Ruggiero, M. (2009). A
paradox of cadmium: A carcinogen that impairs the capability of human
breast cancer cells to induce angiogenesis. Journal of Environmental
Pathology, Toxicology and Oncology, 28(1), 85-88. http://doi.org/10.1615/
JEnvironPatholToxicolOncol.v28.i1.90

Polson, A. K., Sokol, M. B., Dineley, K. E., & Malaiyandi, L. M. (2011). Matrix
cadmium accumulation depolarizes mitochondria isolated from mouse
brain. Impulse, 2011, 1-8.

Sandbichler, A. M., & Hockner, M. (2016). Cadmium protection strategies—
A hidden trade-off? International Journal of Molecular Sciences, 17(1), 139.
http://doi.org/10.3390/ijms17010139

Sani, J.,, Mahmudabadi, Z., Adelipur, M., Far, S., Alizadeh, J., Rezavand, B.,
& Mohseni, A. (2010). Oxidative stress and DNA damage in mice brain
exposure to cadmium chloride: E1. 04. The FEBS Journal, 277,233-233.

Sheykhansari, S., Kozielski, K., Bill, J., Sitti, M., Gemmati, D., Zamboni, P, &
Singh, A. V. (2018). Redox metals homeostasis in multiple sclerosis and
amyotrophic lateral sclerosis: A review. Cell Death & Disease, 9(3), 1-16.

FADAEI ET AL.

Open Access

Shukla, G. S., & Chandra, S. V. (1987). Concurrent exposure to lead, man-
ganese, and cadmium and their distribution to various brain regions,
liver, kidney, and testis of growing rats. Archives of Environmental
Contamination and Toxicology, 16(3), 303-310. http://doi.org/10.1007/
BF01054947

Skipper, A, Sims, J. N., Yedjou, C. G., & Tchounwou, P. B. (2016). Cadmium
chloride induces DNA damage and apoptosis of human liver carcinoma
cells via oxidative stress. International Journal of Environmental Research
and Public Health, 13(1), 88. http://doi.org/10.3390/ijerph13010088

Snutch, T. P, Peloquin, J., Mathews, E., & McRory, J. E. (2013). Molecular
properties of voltage-gated calcium channels. Madame Curie Bioscience
Database [Internet]. Landes Bioscience.

Sun, X. L., Kido, T., Nakagawa, H., Nishijo, M., Sakurai, M., Ishizaki, M.,
Morikawa, Y.,Okamoto, R., Ichimori, A.,Ohno, N., Kobayashi, S., Miyati, T.,
Nogawa, K., & Suwazono, Y. (2021). The relationship between cadmium
exposure and renal volume in inhabitants of a cadmium-polluted area
of Japan. Environmental Science and Pollution Research, 28(18), 22372~
22379. http://doi.org/10.1007/s11356-020-12278-7

Tanu, T., Anjum, A, Jahan, M., Nikkon, F., Hoque, M., Roy, A. K., Haque, A.,
Himeno, S., Hossain, K., & Saud, Z. A. (2018). Antimony-induced neurobe-
havioral and biochemical perturbations in mice. Biological Trace Element
Research, 186(1), 199-207. http://doi.org/10.1007/s12011-018-1290-5

Thévenod, F. (2010). Catch me if you can! Novel aspects of cadmium trans-
port in mammalian cells. Biometals, 23(5), 857-875. http://doi.org/10.
1007/s10534-010-9309-1

Waalkes, M. P. (2003). Cadmium carcinogenesis. Mutation Research, 533,
107-120. http://doi.org/10.1016/j.mrfmmm.2003.07.011

Waijdzik, M., Halecki, W., Kalarus, K., Gasiorek, M., & Pajak, M. (2017). Rela-
tionship between heavy metal accumulation and morphometric parame-
ters in European hare (Lepus europaeus) inhabiting various types of land-
scapes in Southern Poland. Ecotoxicology and Environmental Safety, 145,
16-23. http://doi.org/10.1016/j.ecoenv.2017.06.070

Wang, B.o, & Du, Y. (2013). Cadmium and its neurotoxic effects. Oxida-
tive Medicine and Cellular Longevity, 2013, 1-12. http://doi.org/10.1155/
2013/898034

Yu, Y., Ma, R, Yu, L., Cai, Z.e, Li, H., Zuo, Y., Wang, Z., & Li, H. (2018). Com-
bined effects of cadmium and tetrabromobisphenol a (TBBPA) on devel-
opment, antioxidant enzymes activity and thyroid hormones in female
rats. Chemico-Biological Interactions, 289, 23-31. http://doi.org/10.1016/
j.cbi.2018.04.024

How to cite this article: Fadaei, H., Mirhosseiniardakani, S.,
Farajzadeh, A., Aghayan, S. S., Jafarisani, M., & Garmabi, B.
(2021). Aqueous-alcoholic Ferulla extract reduces memory
impairments in rats exposed to cadmium chloride. Brain and
Behavior, 11, e2285. https://doi.org/10.1002/brb3.2285


http://doi.org/10.1007/s12011-015-0544-8
http://doi.org/10.3390/ijms18071590
http://doi.org/10.1016/j.tox.2011.03.001
http://doi.org/10.1016/j.tox.2011.03.001
http://doi.org/10.1016/j.sajb.2019.08.041
https://doi.org/10.22100/jkh.v14i1.2165
http://doi.org/10.1016/j.taap.2009.03.026
http://doi.org/10.1038/sj.bjp.0705111
http://doi.org/10.1080/01480545.2018.1447578
http://doi.org/10.1080/01480545.2018.1447578
http://doi.org/10.1615/JEnvironPatholToxicolOncol.v28.i1.90
http://doi.org/10.1615/JEnvironPatholToxicolOncol.v28.i1.90
http://doi.org/10.3390/ijms17010139
http://doi.org/10.1007/BF01054947
http://doi.org/10.1007/BF01054947
http://doi.org/10.3390/ijerph13010088
http://doi.org/10.1007/s11356-020-12278-7
http://doi.org/10.1007/s12011-018-1290-5
http://doi.org/10.1007/s10534-010-9309-1
http://doi.org/10.1007/s10534-010-9309-1
http://doi.org/10.1016/j.mrfmmm.2003.07.011
http://doi.org/10.1016/j.ecoenv.2017.06.070
http://doi.org/10.1155/2013/898034
http://doi.org/10.1155/2013/898034
http://doi.org/10.1016/j.cbi.2018.04.024
http://doi.org/10.1016/j.cbi.2018.04.024
https://doi.org/10.1002/brb3.2285

	Aqueous-alcoholic Ferulla extract reduces memory impairments in rats exposed to cadmium chloride
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Preparation of the extract
	2.2 | Animals and treatments
	2.3 | Morris water maze
	2.4 | Tissue collection and evaluation of oxidative stress
	2.5 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


