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from L-glutamate-induced neurotoxicity

Masoumeh Pourhadi', Zahra Niknam?3, Rasoul Ghasemi*®, Mina Soufi Zomorrod®, Vahid Niazi’?,
Mehrdad Faizi®, Hakimeh Zali''®" and Faraz Mojab'"

Abstract

Background: Cuscuta epithymum Murr. (C. epithymum), as an herbal medicine, has played an anti-cancerous role in
various studies; however, its possible neuroprotective effects have been neglected. Here, we aimed to investigate the
protective effects of C. epithymum seeds crude extract and different fractions on rat glioblastoma cells (C6) in L-gluta-
mate oxidative condition.

Methods: Initially, the total phenolic content of C. epithymum crude extract and the fractions (all produced by mac-
eration method) was determined. Subsequently, C6 cells were pre-treated with the various concentrations of crude
extract and fractions 24 h before L-glutamate exposure. Likewise, C6 cells were treated with the same concentrations
of crude extract and fractions 24 h after exposure to L-glutamate. The cell viability and morphology were compared
in crude extract and fractions groups, then superoxide dismutase (SODs) activity, reactive oxygen species (ROS),

and malondialdehyde (MDA) levels were measured. The flow cytometry test was used to study C. epithymum crude
extract’s effects on the cell cycle and also to quantify the apoptosis, necrosis, and live cells population in different
groups.

Results: C epithymum crude extract and fractions (hexanoic, dichloromethanolic, and methanolic) had concentra-
tion-dependent cytotoxicity (IC50:126.47,2101.96, 140.97, and 218.96 pug/ml, respectively). The crude extract and
methanolic fraction contained phenolic compounds (55.99 £ 2.795 and 50.80 & 2.969 mg gallic acid/g extract), while
in hexanoic and dichloromethanolic fractions, the phenolic content was undetectable. In the cell viability assay, in
comparison to fractions, the crude extract showed a more protective effect against glutamate-induced oxidative
condition (P<0.0001). The crude extract increased the SODs activity (P<0.001) and decreased MDA and ROS levels
(P<0.0001) in comparison to the glutamate group. The crude extract significantly increased the population of cells

in G1 (from 63.04 to 76.29) and decreased the percentage of cells in G2 (from 11.56 to 6.7) and S phase (from 25.4 to
17.01). In addition, it decreased the apoptotic and necrotic cell populations (from 34 to 17.1) and also increased the
percentage of live cells (from 66.8 to 83.4 percent) in the flow cytometry test.
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Conclusion: C. epithymum crude extract plays a neuroprotective role by activating the defense mechanisms in cell

against the oxidative condition.
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Introduction

In the central nervous system (CNS), glutamic acid or
L-glutamate is a significant excitatory transmitter and a
neuronal development mediator [1]. Glutamate receptors
are expressed on the surface of brain cells. As a crucial
uptake system, glutamate transporters inhibit the over-
activation of these receptors by continuously eliminat-
ing glutamate from the extracellular fluid in the brain [1].
Excessive activation of glutamate receptors disrupts Ca>*
homeostasis and promotes nitric oxide synthesis, free
radicals production, and programmed cell death [2, 3].
Besides, excessive extracellular L-glutamate inhibits cys-
tine uptake and blocks glutathione synthesis [4]. Subse-
quently, the failure of antioxidant defense in cells results
in oxidative stress that plays a significant role, along with
Ca”" elevated levels, in triggering necrosis and apopto-
sis in cells. Numerous cellular processes are involved in
pathological increasing of extracellular glutamate, includ-
ing enhanced vesicle exocytosis and also decreased glu-
tamate uptake by excitatory amino acid transporters
(EAATS) [5].

Glial cells, as non-neuronal cells, are the most diffused
cell type in the CNS and PNS (Peripheral Nervous Sys-
tem) that regulate homeostasis as well as supporting
and maintaining neurons [6]. Glial cells express gluta-
mate receptors and have a crucial role in sequestering
neuronal-released glutamate through Na't-dependent
transporters [7]. Recently, several studies have shown
that in addition to neurons, excitotoxicity and sustained
activation of ionotropic glutamate receptors can lead to
glial cell death [8]. It has been proven that some CNS dis-
orders, such as Alzheimer’s disease, Parkinson’s disease,
cerebral ischemia, and other diseases, result from exces-
sive excitatory activation of L-glutamate [9].

"Medicinal plants" refers to a diverse range of plants
that exhibit therapeutic pharmacological properties.
Recently, the modern pharmaceutical industry revolution
has led to paying much attention to the development and
use of herbal medicines. Based on a World Health Organ-
ization (WHO) report, 60% of therapeutic medications
are derived from natural sources. In addition, different
surveys in various countries have shown that the number
of people consuming natural drugs is increasing (WHO
Traditional Medicine Strategy 2014—-2023) [10]. The Cus-
cuta genus belonging to the Convolvulaceae plant fam-
ily has been used in the majority of countries to treat or
alleviate a wide variety of disorders, including headache,

drooping spirits, epilepsy, nervous and mental disorders,
hallucination, amnesia, influenza, fevers, ulcers, and
chronic diseases such as diabetes, spleen, liver, joint dys-
functions, spasms, and paralysis for many decades [11].
Cuscuta epithymum (C. epithymum) is one of the Cuscuta
species named in various countries as Kashout, Pittimo,
Aftimoon, crop parasite, among others. C. epithymum is
a parasitic plant with several secondary metabolites such
as glycosides, saponins, tannins, quercetin, steroids, and
kaempferol [12]. Recent studies attribute some main bio-
logical and pharmacological activities to C. epithymum,
such as antioxidant, anti-bacterial, anti-fungal, and anti-
convulsant activities, urease inhibition, and cytotoxicity
[12]. Zhen et al. reported that Cuscuta chinensis protects
PC12 cells against oxidative stress. The underlying mech-
anisms may be scavenging reactive oxygen species (ROS)
and enhancing the antioxidant enzyme activity [13]. So
far, little research has been conducted to show the benefi-
cial, biological, and pharmacological aspects of C. epithy-
mum under standard conditions. In this study, we have
investigated the protective effects of C. epithymum crude
extract and fractions in an oxidative in vitro condition.

Materials and methods

Extract preparation

The methanolic crude extract

C. epithymum (Cuscutaceae) seeds were obtained from
the Medicinal Plants Store (Tehran, April 2021). F.Mojab
taxonomically identified the plant at the School of Phar-
macy, Shahid Beheshti University of Medical Sciences,
Iran, and registered it with herbarium code SBMU-8236.
The extraction process was performed by the maceration
method. Briefly, the seeds were grounded and soaked
for 24 h in methanol (Merck, Darmstadt, Germany)
as a solvent so that it completely covered the grounded
seeds. After 24 h of being on the shaker, the top solvent
was collected, and the new solvent was poured into the
seeds. The procedure was repeated three times and the
collected solvent was concentrated in an oven at 40 °C.

The fractions

C. epithymum seeds were macerated in n-hexane
(Merck, Darmstadt, Germany) for 48 h at room tem-
perature. The extraction procedure was entirely similar
to crude extract preparation. After the third collection,
the extract was dried at room temperature for 24 h to
ensure that all the hexane had been completely removed.
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The residual plant was macerated further in two other
solvents, dichloromethane (Merck, Darmstadt, Ger-
many) and methanol, respectively, in the same manner
as n-hexane. By using a rotary evaporator the solvent was
removed under a vacuum at 45 “C. The fractions obtained
from each solvent were kept at 4 “C for the subsequent
study.

Total phenolic contents measurement

We used the Folin-Ciocalteu analysis method to evaluate
the total phenolic content (TPC) in the crude methanolic
extract and methanolic, n-hexanoic, and dichlorometha-
nolic fractions. Folin-Ciocalteu solution (Merck, Darm-
stadt, Germany) was utilized as a reagent, and gallic acid
(Merck, Darmstadt, Germany) was the reference phe-
nolic compound. 1 ml of different concentrations of gal-
lic acid, including 0, 10, 20, 40, 60, 80, and 100 g/ml, was
combined with 5 ml of diluted Folin-Ciocalteu and incu-
bated at room temperature for 10 min. 4 ml of sodium
carbonate solution (75 mg/mL) was added and incubated
at room temperature for 30 min. A spectrophotometer
was used to determine the absorbance of each standard
and sample at 765 nm. For TPC evaluation in samples,
1 ml of the extract with a 400 pug/ml concentration was
used. Then, by using the standard curve of gallic acid as
a reference, TPC was determined in samples. The data is
presented as the average of three independently collected
measurements.

Cell culture

C6 glial cells (rat glioma cell line) were purchased from
Pastor Institute (Tehran, Iran) and cultured in 25-cm?
cultureflasks in DMEM/F12 supplemented with 10%
(v/v) fetal bovine serum, 100 U/ml penicillin—streptomy-
cin (Biosera, France) in a humidified atmosphere of 5%
CO, at 37 °C. Cells grown to 80-90% confluency were
used to perform the following experiments.

Determination of L-glutamate cytotoxicity

The cells were sub-culturedin 96-well plates at a den-
sity of 8 x 10° cells/well and incubated for 24 h. Adherent
cells were exposed to different concentrations of L-glu-
tamate (0.312—-20 mM) for 24 h. The morphology of C6
cells treated with the various concentrations of L-gluta-
mate was observed using an inverted light microscope
(Olympus, Japan), and the cell viability was evaluated
using the 2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay (Sigma, Germany). Following 24 h incubation, cells
were incubated at 37 °C for an additional 4 h after adding
MTT solution at a final concentration of 0.5 mg/ml. 100
uL of DMSO was added to dissolve the formazan crys-
tals after removing the medium. The plate was shaken
for 10 min, and the absorbances of the samples were
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measured at 570 nm by an ELISA reader (BioTek, USA).
For all experiments, glutamate was dissolved in DMEM/
F12 at final concentrations of 0.312, 0.625, 1.25, 2.5, 5, 10,
and 20 mM.

Acridine Orange and Propidium lodide (AOPI) stain-
ing was applied to determine the apoptosis percentage of
C6 cells treated with the various concentrations of L-glu-
tamate (Merck, Darmstadt, Germany). For this purpose,
24 h after L-glutamate exposure, the medium was com-
pletely removed, and 30 ul of AOPI reagent (Nexcelom
Bioscience, Massachusetts, United States) was added to
each well. Cells were incubated with AOPI dye for 45 min
at 37 °C and observed under a fluorescent microscope
(Nikon digital camera, USA).

Determination of C. epithymum crude extract and fractions
cytotoxicity

The cells were sub-culturedin 96-well plates at a den-
sityof 8 x 10% cells/well and incubated for 24 h. Adher-
ent cells were exposed to different concentrations (9.37,
19, 37, 75, 150, and 300 pg/ml) of C. epithymum crude
extract and fractions. The crude extract and fractions
were diluted in 100 pL of ethanol (70%) and then in 5 ml
of DMEM/F12 to prepare the concentration of 300 pg/
ml. The other concentrations were prepared from 300 pg/
ml by serial dilution. After 24 h of adding C. epithymum
crude extract and also fractions into plate, the MTT assay
was performed as previously described. The remain-
ing 96-well plates were incubated at 37 °C to assess cell
viability after 48 and 72 h. The morphology of cells was
observed using an inverted microscope.

Effects of C. epithymum fractions and crude extract
treatment in L-glutamate-induced cytotoxicity

C6 cells were seeded into 96-well plates at 8 x 10% cell
density in each well. C6 cells were pre-treated with vari-
ous concentrations (9.37, 19, 37, 75, and 300 pg/mL) of
C. epithymum crude extract for 24 h before exposure to
L-glutamate. After 24 h, the medium was changed by a
fresh culture medium containing L-glutamate (0.312,
2.5, and 10 mM) and incubated for 24 h. In the nega-
tive and positive control groups, cells were treated with
ethanol (70%) and L-glutamate, respectively. Finally, an
MTT assay was performed. Each independent experi-
ment was repeated three times. In parallel to this experi-
ment, post-treatment of C6 cells with C. epithymum was
performed. In this way, C6 cells were first treated with
L-glutamate (0.312, 2.5, and 10 mM) for 24 h. A fresh
culture medium containing different concentrations of
C. epithymum crude extract (9.37, 19, 37, 75, and 300 pg/
mL) was added, and the cell viability was evaluated in the
same procedure. Three concentrations (19, 37, and 75 pg/
mL) were selected for the next experiments to show the
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protective effects of C. epithymum treatment in L-gluta-
mate-induced cytotoxicity.

Measurement of superoxide dismutases (SODs) activity

and ROS level

SODs are essential enzymes in protecting cells against
oxidative damage by reducing superoxide anion free radi-
cals (O2-). SODs activity was measured in cells treated
with L-glutamate and C. epithymum crude extract. C6
cells were grown in 25 cm ? flasks for pre-treatment and
post-treatment experiments with 19, 37, and 75 g/ml
crude extract and 10 mM glutamate to measure SODs
activity. By using a rubber policeman cells were removed
from the flasks 24 h after the last treatment. Two mil-
lion cells were required for the test. The cell pellet was
sonicated for 30 s at medium power (10 s of sonica-
tion plus 10 s of rest; 3 times) before being centrifuged
at 12,000 g for 5 min at 4° C. The supernatant was sep-
arated and placed on ice. According to the kit protocol
(Teb Pazhouhan Razi (TPR) Innovative, Tehran, Iran),
samples and working solution (chromogenic reagent and
SODS assay buffer) were added to 96-well plates. Eventu-
ally, the SODS enzyme solution was added and incubated
for 20 min. After 20 min, a multi-mode reader read the
absorbance at a 440-460 nm wavelength (BioTek, USA).
ROS level was also measured by kit (Teb Pazhouhan
Razi (TPR) Innovative, Tehran, Iran) via 2’-7’-dichloro-
dihydrofluorescein diacetate assay (DCFH-DA). For this
experiment, C6 cells were seeded into 96-well plates at
8 x 10° cells density in each well and treated with crude
extract similar to whatever was conducted for the SOD
test, and 24 h after the last treatment the cells were incu-
bated with DCFH-DA. After 30 min the fluorescence was
measured at 510-550 nm wavelength by a microplate
reader (BioTek, USA).

Malondialdehyde (MDA) assay

Malondialdehyde (MDA) is an oxidative stress indica-
tor and the most common reactive aldehyde produced
during lipid peroxidation. In this study, the thiobarbitu-
ric acid reactive substances (TBARS) were measured to
determine the products of lipid peroxidation. After 24 h
of the last treatment, the cells were trypsinized for the
MDA test. According to the kit (TPR Innovative, Iran),
one million cells were required in 1 ml of PBS buffer
(pH: 7.8). First, 10 pL of butylated hydroxytoluene (BHT)
was added to the cells. Cells were then placed on ice
and sonicated with a medium-power sonicator for 30 s.
Detergent was added to all samples and incubated at 37
°C. Then, the chromogenic solution containing thio-
barbituric acid, acetic acid, and alkali was added to the
samples and placed in boiling water for an hour. After
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one hour, they were placed on ice for 10 min, then cen-
trifuged at 10,000 g for 10 min at 4 °C. The supernatant
was transferred to the 96-cell plate, and the absorbance
of the groups was measured using a multi-mode reader
at a wavelength of 530-540 nm. Protein concentrations
were measured in samples by the multi-mode reader at
280 nm.

Effects of C. epithymum crude extract on the apoptosis of C6
cells in L-glutamate-induced damage condition

At the end of the final 24 h of cells incubation with C. epi-
thymum crude extract and L-glutamate, C6 pre-treated
and post-treated cells were harvested and centrifuged
at 1500 rpm for 5 min. For determining the percentage
of the apoptotic cells, Annexin V-FITC (fluorescein iso-
thiocyanate)/PI (propidium iodide) (Biolegend, USA) co-
staining method was used. For this purpose, 500 pL of 1X
binding buffer was added to the cell pellet, and the sam-
ple was divided into tubes. 5 pL of Annexin V-FITC and 3
uL of PI were added to labeled tubes and then incubated
at 4 °C for 15 min in the dark. Then, the specific fluores-
cence of cells was detected using a BD FACS Calibur (BD
Biosciences, San Jose, CA, USA) and the outcomes were
evaluated by Flow]o software.

Effects of C. epithymum crude extract on the C6 cell cycle

in L-glutamate-induced damage condition

At the end of the final 24 h of cells incubation with C.
epithymum crude extract and L-glutamate, C6 pre-
treated and post-treated cells were harvested and cen-
trifuged at 1500 rpm for 5 min. Then 50 uL of cold
PBS was added to the cells and gently vortexed. The
cells were resuspended, fixed with cold 70% ethanol,
and vortexed gently. After fixation by ethanol, the cells
were washed with PBS and centrifuged at 1500 rpm for
5 min. The pellet was resuspended in 1 ml of PI mas-
ter mix containing 40 uL of PI (1 mg/ml), 950 pL of
PBS, and 10 ul of RNase (DNase free, 10 mg/ml) and
incubated for a half-hour at room temperature. Finally,
the cells were analyzed by flow cytometry (BD FACS-
Calibur, BD Biosciences, USA), and the outcomes were
evaluated by Flow]Jo software.

Statistical analysis

Each experiment was conducted at least three times, and
the data were presented as the mean =+ standard devia-
tion (SD). Statistical analysis for cell viability tests, SOD,
and MDA were performed using one-way ANOVA and
appropriate posthoc tests in GraphPad Prism 8.4.3. Two-
way ANOVA and appropriate posthoc test analyzed the
apoptosis and cell cycle data. The P<0.05 indicated that
the result was statistically significant.
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Table 1 The extraction yield and total phenolic content of the extract and the fractions

Fractions

Crude extract n-hexane Dichloromethane methanol
Yield extract (%) 18.26 0.89 133 28.59
TPC (mg gallic acid/g extract) 55.99+£2.795 Undetectable Undetectable 50.80£2.969

Results

Yield extract and total-phenolic content

The crude and fractions extraction yield and TPC results
are presented in Table 1. The yield of the crude extract
was about 18.26%, and n-hexanoic, dichloromethanolic,
and methanolic fractions were approximately 0.89%,
1.33%, and 28.59%, respectively. This experiment showed
that the C. epithymum crude methanolic extract contains
more phenolic compounds, followed by methanol frac-
tion in comparison with other fractions.

Cytotoxicity of L-glutamate in a concentration-dependent
manner

In this study, the MTT assay was used to determine the
viability of C6 cells in various L-glutamate concentrations
exposure (0, 0.312, 0.625, 1.25, 2.5, 5, 10, and 20 mM).
Results demonstrated that increased L-glutamate con-
centration significantly decreased the percentage of viable
cells. Comparing 10 mM glutamate to the control group
showed that cell viability decreased by approximately 50
percent (P<0.01) (Fig. 1a). Moreover, the inverted and
fluorescent microscope images showed apoptotic mor-
phological and color changes in the L-glutamate-treated
cells (Fig. 1b, c). The existence of apoptotic cells in the
treated cells was indicated by the presence of a red and
bright orange stain, in contrast to the bright green color-
ing of the living cells. By increasing L-glutamate concen-
tration, the proportion of green cells gradually reduced
while the percentage of orange cells enhanced, indicating
a transition from viable to apoptotic cells. In the current
study, a 10 mM concentration of L-glutamate was chosen
for the subsequent experiments.

Cytotoxicity of C. epithymum crude extract and fractions

At different concentrations (9.37, 19, 37, 75, 150, and
300 pg/ml), the cytotoxicity of C. epithymum metha-
nolic crude extract and the n-hexanoic, dichlorometha-
nolic, and methanolic fractions were studied to choose
the optimum concentration for cell treating at the sub-
sequent steps. Results of the MTT assay for the crude
extract after 24, 48, and 72 h incubation showed that
C. epithymum crude extract at high concentrations
decreased the cell viability (Fig. 2a). It means high con-
centrations (75, 150, and 300 pg/ml) have a significant
toxic effect on C6 cells and lead to cell death (P<0.0001).

The concentrations lower than 75 pg/ml did not show
significant toxic effects.

Moreover, comparing the toxicity of C. epithymum
crude extract and the fractions indicated that the 9.37, 19,
and 37 pg/ml concentrations did not show a significant
toxic effect on the cells (Fig. 2b). Dichloromethanolic
fraction at high concentrations (75, 150, and 300 pg/
ml) showed significant toxic effects similar to the crude
extract. In contrast, the methanolic fraction at high con-
centrations indicated lower toxicity compared with the
dichloromethanolic fraction and the crude extract. The
n-hexanoic fraction did not show cytotoxicity at any con-
centration. The concentration of crude extract, hexanoic,
dichloromethanolic, and methanolic fractions extract
that induced 50 percent cell death in C6 cells were 126.47,
2101.96, 140.97, and 218.96 pg/ml, respectively.

Effects of C. epithymum crude extract and fractions on C6
cell viability in L-glutamate-induced condition

This investigation aims to determine whether C. epi-
thymum extract protects C6 cells against L-glutamate-
induced damage or not. We chose 9.37, 19, and 37 pg/
ml as optimum concentrations, and 75 and 300 pg/ml
as high concentrations of the crude extract. In pre-treat-
ment groups, the crude extract was added to the cells for
24 h before removing the medium and adding the fresh
medium containing glutamate (0.312, 2.5, and 10 mM).
In post-treatment groups, the cells were exposed to glu-
tamate, and after 24 h, a fresh medium containing the
crude extract was added to the culture medium. Then,
after 24 h of incubation, an MTT assay was performed.
Results showed that 0.312 and 2.5 mM L-glutamate are
not suitable concentrations for the study. There were no
significant changes between C. epithymum crude extract
and L-glutamate treated groups in these concentrations
in cell viability (Fig. 3). But compared with 10 mM con-
centration L-glutamate, crude extract pre-treatment
and post-treatment significantly changed cell viabil-
ity (P<0.0001). The crude extract with 9.37, 19, 37, and
75 pg/ml concentrations significantly protected the sur-
vival of cells in L-glutamate high doses exposure. So we
chose a 10 mM concentration of L-glutamate to demon-
strate C. epithymum fractions’ protective effects on C6
cells.
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C6 cell viability (%)

T T
0.312 0.625 1.25 25 § 10 20

L-glutamate (mM)

images of C6 cells in the presence of different glutamate concentrations

0.312 mM Glutamate (.625 mM

© 100pm +100 um 100jim 100 pm

0.625 MM LA

Fig. 1 Effects of L-glutamate on C6 cell viability. a MTT assay showed that cell survival is dependent on glutamate concentration. AO/PI results
were compatible with the MTT assay. Increased L-glutamate concentration led to significantly decreased cell viability. The data are expressed as
mean =+ standard deviation. *P < 0.05, **P<0.01, ***P<0.001. b Observation of cells under the inverted microscope with a 20X ¢) AOPI fluorescence

In the next step, we comprised the impact of concen-
trations (19, 37, and 75 pg/ml) of C.epithymum crude
extract and three fractions on cell viability in the pres-
ence of 10 mM of L-glutamate (Fig. 4). Cell viability in
the L-glutamate pre-treatment and the post-treatment
groups, without the intervention of extracts and frac-
tions, was significantly decreased. However, the crude
extract and the fractions significantly enhanced cell
viability in L-glutamate-treated groups compared to the
glutamate-exposed C6 cells without extract treatment.
In addition, the data suggested that the viability of cells
in the pre-treatment and the post-treatment with crude
extract are significantly more than the fractions-treated
groups, and crude extract of C. epithymum inhibits the
toxic effects of L-glutamate more efficiently.

Effect of C. epithymum crude extract on oxidative stress
markers and ROS production in cytotoxic condition

As shown in Fig. 5, SOD, MDA, and ROS levels were
measured in the C. epithymum crude extract-treated
cells in the presence of L-glutamate as an oxidative stress
inducer. SODs levels, as an antioxidant enzyme, in the
L-glutamate treated groups without extract intervention
were significantly decreased compared with the control
group (P<0.01). The evidence proved that pre-treatment
with 37 ug/ml C. epithymum crude extract significantly
increased SODs activation against L-glutamate-induced
oxidative stress (P<0.001) (Fig. 5a). SODs levels were

not significantly changed in the other concentrations
of the extract. As shown in Fig. 5b, the MDA level was
significantly enhanced in the L-glutamate groups, espe-
cially on the second day group (glutamate was added to
culture medium as a post-treatment agent on the second
day of study), compared to the control group (P<0.0001).
All concentrations of the extract (19, 37, and 75 pg/ml)
significantly decreased the MDA level compared to the
L-glutamate-non-extract-treated groups (P<0.0001). To
study whether the crude extract may involve in decreas-
ing intracellular ROS production, we measured the ROS
level in C6 cells after treatment with the different con-
centrations of crude extract. According to Fig. 5c¢, the
pre-treatment and post-treatment of cells with a 37 pg/
ml concentration of crude extract significantly decreased
ROS levels in cells. The pre-treatment with a 75 pg/ml
concentration decreased the ROS level, as well. Interest-
ingly, in the group of 19 pg/ml concentration, there were
no significant changes in comparison to the glutamate

group.

Effects of C. epithymum crude extract on the cell cycle

and apoptosis in cytotoxic condition

To determine the proportion of apoptotic cells in pre-
treated and post-treated cells with different concen-
trations (19, 37, and 75 pg/ml) of C. epithymum crude
extract and L-glutamate (10 mM), we used Annexin V
and PI co-staining assay. In this method, flow cytometry
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analysis plots indicate four regions: 1) viable cells (nega-
tive for Annexin V and PI), 2) early apoptotic cells (posi-
tive for Annexin V but negative for PI), 3) late apoptotic
cells (positive for Annexin V and PI), and 4) necrotic
cells (negative for Annexin V but positive for PI) [10].
As shown in Fig. 6, all the groups, including the control
and the treated cells with L-glutamate and C. epithymum
crude extracts, indicated the apoptotic and necrotic cell
percentage after 24 h of incubation. Pre-treatment and
post-treatment with 19 pg/ml (P<0.01), 37, and 75 pg/ml
(P<0.0001) of the crude extract significantly reduced the
percentage of the apoptotic cells in comparison with the
L-glutamate treated cells. Pre-treatment and post-treat-
ment with all concentrations (19, 37, and 75 pg/ml) of
crude extract in the presence of L-glutamate not only sig-
nificantly decreased the percentage of necrotic cells but
also increased the percentage of the live cells in compari-
son with the L-glutamate-treated groups without extract
(P<0.0001).

In to cell cycle analysis in the pre-treated and post-
treated cells, DNA content detection was conducted
using the Propidium lodide staining method. The results
were presented in percentages in Fig. 7. We found a
reduction in S and G2 phases and an enhancement in the
G1 phase in C6 cells at 37 and 75 g/ml concentrations,
indicating that the crude extract inhibits S arrest in C6
cells.

Discussion
This study evaluated the protective effect of C. epi-
thymum crude extract and fractions on C6 cells in oxi-
dative stress conditions induced by L-glutamate. The
results showed that C. epithymum methanolic crude
extract could efficiently decrease the cytotoxicity effects
of L-glutamate. Pre-treatment and post-treatment of the
cells with low concentrations of C. epithymum extracts
decreased dead cell percentage in the presence of L-glu-
tamate-induced cytotoxicity and increased cell viability.
In addition, C. epithymum crude extract reduced MDA
and ROS, while enhancing SODs levels in the C6 cells.
Glutamate, an abundant excitatory neurotransmitter
in mammalians’ central nervous system, plays a crucial
role in fast synaptic transmission, neuronal development,
pain perception, learning, and memory [14]. Because of
increased release or/and uptake disorders, the excess
glutamate level has been demonstrated to stimulate
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significant neurotoxicity and neuronal death in brain tis-
sue [15]. The neurotoxicity can be related to the enhanced
damage in cell components, such as mitochondria and
membrane depolarization, causing cell death and the
production of reactive oxygen species (e.g., superoxide
anion (O, "), hydroxyl radical (OH.), and hydrogen per-
oxide (H,0,)) [16, 17]. The stimulation of oxidative stress
by glutamate has been indicated in cell lines, including
C6, PC-12, oligodendroglia cells, and immature cortical
neurons [17].

Since glutamate receptor subtypes (ionotropic and
metabotropic) are expressed in C6 glioblastoma cells,
these cells can be a beneficial model for investigating
excitotoxicity [18]. Moreover, C6 glial cells provide physi-
cal and metabolic support to the survival of neurons,
such as insulation and communication of neurons and
transportation of nutrients and waste; hence, glial cell
damage may play role in the neurodegeneration process.
Recent investigations show that astroglial cell damage is
strongly related to many neurological disorders, includ-
ing Parkinson’s disease, Alzheimer’s disease, and ischemic
stroke [18]. In the in vitro toxicity studies, depending on
the culture conditions, the L-glutamate concentration
ranges from 0.01 to 20 mM [19]. We selected 10 mM
L-glutamate in our study since, at this concentration,
approximately 50% cell viability was detected and the
effect of C. epithymum on neutralizing the cytotoxicity of
L-glutamate was significant.

C. epithymum is a widely used parasitic plant in agri-
culture and food industries, pharmaceutical, cosmetics,
and sanitary due to its fungicidal, virucidal, bactericidal,
anti-parasitical, and insecticidal properties [20]. Recent
findings have also shown that C. epithymum has neurop-
harmacological and sedative-hypnotic effects without
significant toxic influence in mice. This plant’s sedative-
hypnotic properties are mediated through benzodiaz-
epine receptors [21]. Due to its antioxidant properties,
we selected this medicinal plant to evaluate its effect on
L-glutamate-induced damage in C6 cells. Ganapathy
et al. also reported antioxidant and free radical scaveng-
ing properties of C. epithymum depend on the doses [22].

This study investigated the extraction yield and TPC
of C. epithymum crude extract and the fractions. Dif-
ferent chemicals can be obtained in the extraction pro-
cedure due to the different solvent polarity, the various
chemical composition of the plant, and the presence of

(See figure on next page.)

Fig. 2 Effects of C. epithymum extract on cell survival in C6 cells.a MTT assay of crude extract. b Viability of cells in the presence of crude extract
and fractions (average of three days results). At the high concentrations of C. epithymum crude extract, dichloromethanolic, and methanolic
fractions, the cell viability significantly decreased. The data are expressed as mean = standard deviation. *P <0.05, **P<0.01, ***P <0.001,

**¥%p <0.0001
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Fig. 3 Viability of cells in pre-treatment and post-treatment with crude extract, in the presence of L-glutamate using MTT assay. Pre-treatment and
post-treatment of the crude extract in the presence of a 10 mM concentration of L-glutamate caused a significant increase in cell viability compared
to the L-glutamate group. The data are expressed as mean = standard deviation. ****P <0.0001
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Fig. 4 Viability of cells in pre-treatment and post-treatment with crude extract and fractions, in the presence of 10 mM L-glutamate using MTT
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interfering materials [23]. Methanol showed the most
yield percentage in the extraction procedure, followed
by dichloromethane and n-hexane. Therefore, we can
infer that the solvent with more polarity will produce a
higher extraction yield. The TPC results showed that
the crude methanol extract has the highest total phe-
nolic content, suggesting that the solvent polarity influ-
ences the extraction of various phenolic chemicals from
C. epithymum. We showed that C6 cells treated with dif-
ferent concentrations of L-glutamate (24 h) resulted in
cell damage and cell viability decrease. According to the
results, we suggested that low concentrations of C. epi-
thymum crude extract and the fractions can enhance cell
survival and counteract the damaging effects of L-gluta-
mate. Considerably, results demonstrated that the crude
extract compared with the fractions had more impact on
the protection and survival of cells. We used the crude
extract for further tests, including antioxidant, cell cycle,
and apoptosis assays. We also showed that C. epithy-
mum crude extract and fractions at high concentrations
have cytotoxic effects and reduce cell viability. Our find-
ings were consistent with the findings of earlier studies
indicating that a high concentration of C. epithymum
extracts shows cytotoxicity and can be used for inducing
apoptosis in cancer cells [24, 25].

Under oxidative stress conditions, the organism’s
oxidant and antioxidant defense mechanisms become
unbalanced, leading to excessive ROS production, tissue
damage, and physiological function impairment [26]. In
addition, oxidative stress is one of the most critical risk
factors for neurodegenerative conditions and CNS disor-
ders [27]. According to previous studies, C. epithymum
showed dose-dependent scavenging activity using DPPH,

superoxide, and hydroxyl radical scavenging assays [28].
Qualitative phytochemical studies on the C. epithymum
also manifested the presence of alkaloids, triterpenoids,
flavonoids, steroids, glycosides, and carbohydrates,
which might be responsible for its antioxidant properties
[28]. Another electrochemical assay study demonstrated
that C. epithymum has desirable antioxidant properties
[20]. Consistent with these studies, in our study, the anti-
oxidant assays (SODs, ROS, and MDA) revealed that the
relative antioxidant ability of C. epithymum crude extract
plays a scavenger role in C6 cells against free radicals
produced in the presence of L-glutamate.

Long-term glutamate accumulation in the intercel-
lular space stimulates neurotoxic effects. It elevates Ca
levels in cells- an imbalance of electrogenic ions gra-
dients- and triggers various intracellular cascades that
lead to plasma membrane damage and neuron apoptosis
[29]. In our study, L-glutamate stimulates apoptosis and
necroptosis in C6 cells based on flow cytometry analy-
ses. Pre- and post-treatment with C. epithymum crude
extract prevented apoptosis and necroptosis induced by
L-glutamate. A study in line with our results indicated
that glutamate stimulates apoptosis and necroptosis in
C6 cells [18].

Conclusion

Our research indicates that C. epithymum hexanoic
fraction has no cytotoxic effect on C6 cells. Although
it has an undetectable amount of phenolic content, it
can slightly protect C6 cells against the oxidative con-
dition. Among different fractions of C. epithymum,
dichloromethanolic fraction has a more cytotoxic
effect than methanolic and hexanoic fractions. It has



Pourhadi et al. BMC Complementary Medicine and Therapies (2022) 22:335 Page 11 of 13

Control L-glutamate 10 mM Pre-treatment 19 pg/ml Post-treatment 19 pg/ml

FLIH PI

FL3-H:PI

FLI-H: Annexin \-FITC FL1-H: Annexin V-FITC FLI-H- Annexin V-FITC FL1-H: Annexin V-FITC

Il Control
Glutamic acid 10 mM
100 il EJ Pre-treatment 19 pg/ml
[ Post-treatment 19 pg/ml
90—
P— kel EH Pre-treatment 37 pg/ml
80 - EE Post-treatment 37 pg/ml
70+ BE Pre-treatment 75 pg/ml
v 60- BN Post-treatment 75 pg/ml
T 50
s
T 404
30
20+
10
0_
Live cells Necrotic cells Apoptotic cells
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crude extract at 37 and 75 g/ml concentrations had a positive effect on the cell cycle and significantly increased the population of cells in G1, and
decreased the percentage of G2 and S phase cell population. The data are expressed as mean = standard deviation. *P < 0.05 as compared to the

an undetectable amount of phenolic content and can
slightly protect C6 cells against glutamate cytotoxic
effects. The methanolic fraction has a considerable
amount of phenolic content and less cytotoxic effect
than methanolic crude extract. Nevertheless, the
methanolic fraction is not as protective as a metha-
nolic crude extract in exposure to an oxidative envi-
ronment. Although the methanolic crude extract has
a significant amount of phenolic compounds, it has a
considerable cytotoxic effect at high doses. The crude
extract provides more cell protection than different
fractions and this observation may be mediated by the
activation of defense mechanisms of cells against reac-
tive oxygen species (ROS) and also the antioxidant
activities of extract. For instance, the delay in the cell
cycle, producing enzymes, including catalase, peroxi-
dase, and superoxide dismutase along with antioxidant
synthesis are defensive responses against ROS in cells.
It seems that crude extract not only decreases mem-
brane phospholipids peroxidation and ROS produc-
tion but also induces enzyme production like SOD
and changes the cell cycle. The phenolic compound
in the crude extract may have a direct effect on radi-
cal scavenging and decreasing the ROS and MDA
levels in treated cells. The decreased dead cell popu-
lation and increased G1 cell population can be attrib-
uted to the phenolic content and the antioxidative role
of extract. The crude extract has the highest antioxi-
dant activity to significantly increase C6 cell viability

in cytotoxic conditions. It probably plays a significant
role in reducing cell death by decreasing MDA lev-
els and increasing SODs levels in cells, showing lipid
peroxidation prevention and free radical scavenging,
respectively. All of these attributes result in decreas-
ing cell death by treating cells with the crude extract.
Nonetheless, further research is required to evaluate
the active component(s) and molecular mechanisms
(apoptosis and necrosis) involved in C. epithymum
neuroprotective effects. The apoptotic pathways and
involved pre-apoptotic and anti-apoptotic molecules
can be studied in the future. Furthermore, the oxida-
tive stress gene expression is another aspect of the
future study for assessing the neuroprotective effects
of the crude extract.

Acknowledgements
We acknowledge and thank the Medical Nanotechnology and Tissue Engi-
neering Research Center for the financial support.

Authors’ contributions

This article is the first part of the Ph.D. thesis by M.P. at Shahid Beheshti
University of Medical Sciences, Tehran, Iran. H.Z. designed and supervised the
in vitro section, and F.M. supervised the extraction section of the study. M.P.
designed and carried out all laboratory jobs, including extract preparation, 2D
cell culture, assays, imaging, data analysis, and manuscript writing. Z.N. helped
with data analysis and editing the manuscript, and V.N. helped with data
analysis. RGh., M.F, and M.S. consulted in the study design. The author(s) read
and approved the final manuscript.

Funding

This work was supported by the Medical Nanotechnology and Tissue
Engineering Research Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran, (Grant/Award Number: 29239).



Pourhadi et al. BMC Complementary Medicine and Therapies

Availability of data and materials
Most of the data are included in this published article and further data are
available from the corresponding author on request.

Declarations

Ethics approval and consent to participate
All methods were performed in accordance with the relevant guidelines and
regulations (IR.SBMU.RETECH.REC.1401.104).

Consent for publication
Not applicable.

Competing interests
The authors and this study do not present any kind of conflict of interest.

Author details

'Department of Tissue Engineering and Applied Cell Sciences, School

of Advanced Technologies in Medicine, Shahid Beheshti University of Medi-
cal Sciences, Tehran, Iran. 2Neurophysiology Research Center, Cellular

and Molecular Medicine Institute, Urmia University of Medical Science, Urmia,
Iran. >Proteomics Research Center, Shahid Beheshti University of Medi-

cal Science, Tehran, Iran. “Department of Physiology, School of Medicine,
Shahid Beheshti University of Medical Sciences, Tehran, Iran. > Department

of Physiology and Neurophysiology research center, Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran. ®Department of Hematology and Cell
Therapy, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran.
’Stem Cell Research Center, Golestan University of Medical Science, Gorgan,
Iran. ®Department of Molecular Medicine, Faculty of Advanced Medical
Technologies, Gorgan, Iran. °Department of Pharmacology and Toxicology,
School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran,
Iran. '°Medical Nanotechnology and Tissue Engineering Research Center,
Shahid Beheshti University of Medical Sciences, Tehran, Iran. ' Department
of Pharmacognosy, School of Pharmacy, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Received: 10 August 2022 Accepted: 2 December 2022
Published online: 22 December 2022

References

1. ZhouY, Danbolt NC. Glutamate as a neurotransmitter in the healthy brain.

J Neural Transm. 2014;121(8):799-817.

2. Wong PC, Cai H, Borchelt DR, Price DL. Genetically engineered mouse
models of neurodegenerative diseases. Nat Neurosci. 2002;5(7):633-9.

3. Mark LP, Prost RW, Ulmer JL, Smith MM, Daniels DL, Strottmann JM, et al.
Pictorial review of glutamate excitotoxicity: fundamental concepts for
neuroimaging. Am J Neuroradiol. 2001;22(10):1813-24.

4. Guo W, LiK Sun B, XuD,Tong L, Yin H, et al. Dysregulated Glutamate
Transporter SLCTA1 Propels Cystine Uptake via Xc— for Glutathione
Synthesis in Lung Cancer. Cancer Res. 2021;81(3):552-66.

5. Lewerenz J, Hewett SJ, Huang Y, Lambros M, Gout PW, Kalivas PW, et al.
The cystine/glutamate antiporter system xc— in health and disease: from
molecular mechanisms to novel therapeutic opportunities. Antioxid
Redox Signal. 2013;18(5):522-55.

6. DiBenedetto B, Rupprecht R. Targeting glia cells: novel perspectives
for the treatment of neuropsychiatric diseases. Curr Neuropharmacol.
2013;11(2):171-85.

7. Chung WJ, Lyons SA, Nelson GM, Hamza H, Gladson CL, Gillespie GY, et al.
Inhibition of cystine uptake disrupts the growth of primary brain tumors.
J Neurosci. 2005;25(31):7101-10.

8. Matute C, Alberdi E, Ibarretxe G, Sdnchez-Gédmez MV. Excitotoxicity in glial
cells. Eur J Pharmacol. 2002;:447(2-3):239-46.

9. Beart P, O'Shea R.Transporters for L-glutamate: an update on their molecular
pharmacology and pathological involvement. Br J Pharmacol. 2007;150(1):5-17.

10. Pumiputavon K, Chaowasku T, Saenjum C, Osathanunkul M, Wungsin-
taweekul B, Chawansuntati K, et al. Cell cycle arrest and apoptosis
induction by methanolic leaves extracts of four Annonaceae plants. BMC
Complement Altern Med. 2017;17(1):1-11.

(2022) 22:335

Page 13 of 13

11. Noureen S, Noreen S, Ghumman SA, Batool F, Bukhari SNA. The genus
Cuscuta (Convolvolaceac): An updated review on indigenous uses, phy-
tochemistry, and pharmacology. Iran J Basic Med Sci. 2019;22(11):1225.

12. Abedini MR, Paki S, Mohammadifard M, Foadoddini M, Vazifeshenas-
Darmiyan K, Hosseini M. Evaluation of the in vivo and in vitro safety
profile of Cuscuta epithymum ethanolic extract. Avicenna J Phytomed.
2021;11(6):645.

13. Zhen G, Jiang B, Bao Y, Li D, An L. The protective effect of flavonoids from
Cuscuta chinensis in PC12 cells from damage induced by H202. Zhong
Yao Cai. 2006;29(10):1051-5.

14. Patri M. Synaptic transmission and amino acid neurotransmitters. In:
Heinbockel T, Csoka A, editors. Neurochemical basis of brain function and
dysfunction. London: IntechOpen; 2019. https://doi.org/10.5772/intec
hopen.82121.

15. Wang C-J, Hu C-P, Xu K-P, Yuan Q, Li F-S, Zou H, et al. Protective effect
of selaginellin on glutamate-induced cytotoxicity and apoptosis in
differentiated PC12 cells. Naunyn Schmiedebergs Arch Pharmacol.
2010;381(1):73-81.

16. Atlante A, Calissano P, Bobba A, Giannattasio S, Marra E, Passarella S.
Glutamate neurotoxicity, oxidative stress and mitochondria. FEBS Lett.
2001;497(1):1-5.

17. Han D, Sen CK, Roy S, Kobayashi MS, Tritschler HJ, Packer L. Protection
against glutamate-induced cytotoxicity in C6 glial cells by thiol antioxi-
dants. Am J Physiol. 1997;273(5):R1771-8.

18. Ergll M, Taskiran AS. Thiamine protects glioblastoma cells against glu-
tamate toxicity by suppressing oxidative/endoplasmic reticulum stress.
Chem Pharm Bull (Tokyo). 2021;69(9):832-9.

19. Kritis AA, Stamoula EG, Paniskaki KA, Vavilis TD. Researching glutamate-
induced cytotoxicity in different cell lines: a comparative/collective
analysis/study. Front Cell Neurosci. 2015;9:91.

20. Hajinezhad SAH, Amani AM, Mojtaba S. Investigation the antioxidant,
antibacterial and insecticidal activities of Cuscuta epithymum and Pyre-
thrum roseum Plants using Polydimethylsiloxane (CAR/PDMS). J Environ
Treatment Techniques. 2019;7(3):234-44.

21. Forouzanfar F, Vahedi MM, Aghaei A, Rakhshandeh H. Hydroalcoholic
extract of Cuscuta epithymum enhances pentobarbitalinduced sleep:
possible involvement of GABAergic system. Curr Drug Discov Technol.
2020;17(3):332-7.

22. Ganapaty S, Ramaiah M, Ramakrishna P, Reddy DN. Scientific validation
and formulation of three Indian Folklore medicinal plants. J Pharm Res.
2013;6(8):823-35.

23. Boeing JS, Barizdo EQ, Montanher PF, de Cinque AV, Visentainer JV. Evalua-
tion of solvent effect on the extraction of phenolic compounds and anti-
oxidant capacities from the berries: application of principal component
analysis. Chem Cent J. 2014;8(1):1-9.

24. Jafarian A, Ghannadi A, Mohebi B. Cytotoxic effects of chloroform and
hydroalcoholic extracts of aerial parts of Cuscuta chinensis and Cuscuta
epithymum on Hela, HT29 and MDA-MB-468 tumor cells. Res Pharm Sci.
2014;,9(2):115.

25. Firoozan J, Khodaie L, Mohammadi A, Fazljou SM, Torbati M, Moham-
madi Q, et al. Dichloromethane EXTRACT of Cuscuta epithymum inhibits
triple-negative breast cancer development via inducing apoptosis and
suppression of migration. J Biochem Tech. 2020;11:92-9.

26. Naziroglu M. TRPM2 cation channels, oxidative stress and neurological
diseases: where are we now? Neurochem Res. 2011;36(3):355-66.

27. Salim S. Oxidative stress and the central nervous system. J Pharmacol Exp
Ther.2017;360(1):201-5.

28. Ganapathy S, Ramaiah M, Yasaswini K, Kuthakki VK, Harikrishnareddy D.
Preliminary qualitative, quantitative phytochemical analysis and in vitro
antioxidant potential of methanolic extract of Cuscuta epithymum (L.)
whole plant. Intl J Pharmacogn Phytochem Res. 2013;5:236-41.

29. Evstratova A, Mironova E, Dvoretskova E, Antonov S. Apoptosis and the
receptor specificity of its mechanisms during the neurotoxic action of
glutamate. Neurosci Behav Physiol. 2009;39(4):353-62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.5772/intechopen.82121
https://doi.org/10.5772/intechopen.82121

	Cuscuta epithymum Murr. crude extract pre-conditioning protects C6 cells from L-glutamate-induced neurotoxicity
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Extract preparation
	The methanolic crude extract
	The fractions

	Total phenolic contents measurement
	Cell culture
	Determination of L-glutamate cytotoxicity
	Determination of C. epithymum crude extract and fractions cytotoxicity
	Effects of C. epithymum fractions and crude extract treatment in L-glutamate-induced cytotoxicity
	Measurement of superoxide dismutases (SODs) activity and ROS level
	Malondialdehyde (MDA) assay
	Effects of C. epithymum crude extract on the apoptosis of C6 cells in L-glutamate-induced damage condition
	Effects of C. epithymum crude extract on the C6 cell cycle in L-glutamate-induced damage condition

	Statistical analysis

	Results
	Yield extract and total-phenolic content
	Cytotoxicity of L-glutamate in a concentration-dependent manner
	Cytotoxicity of C. epithymum crude extract and fractions
	Effects of C. epithymum crude extract and fractions on C6 cell viability in L-glutamate-induced condition
	Effect of C. epithymum crude extract on oxidative stress markers and ROS production in cytotoxic condition
	Effects of C. epithymum crude extract on the cell cycle and apoptosis in cytotoxic condition

	Discussion
	Conclusion
	Acknowledgements
	References


