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Abstract

Glutamate, one of the most important excitatory neurotransmitters, acts as a signal transducer in peripheral tissues and
endocrine cells. Excessive glutamate secretion has been shown to cause excitotoxicity and neurodegenerative disease.
Cerebrolysin is a mixture of enzymatically treated peptides derived from pig brain including neurotrophic factors, like
brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor (GDNF), nerve growth factor (NGF),
and ciliary neurotrophic factor (CNTF). The present study investigated the protective effects of cerebrolysin on glutamate
transporters (EAAT 1, EAAT 2) and cytokines (IL-1p and IL-10) activity in glutamate-mediated neurotoxicity. Primary
cortex neuron culture was exposed to glutamate and successively treated with various cerebrolysin concentrations for 24 and
48 h. Our data showed that cerebrolysin primarily protects neurons by decreasing glutamate concentration in the synaptic
cleft. In addition, Cerebrolysin can decrease oxidative stress and neuron cell damage by increasing antioxidant activity and
decreasing inflammation cytokine levels.
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Introduction

Excitatory amino acids, such as glutamate (Glut), are
important neurotransmitters of the central nervous system
(Iovino et al. 2020). Glutamatergic neurotransmission is
responsible for many cognitive, motor, sensory, and auto-
nomic activities (Patel and McMullen 2017). Maintain-
ing extracellular glutamate levels within a physiological
range is crucial to ensure proper neuronal transmission
and viability. Therefore, impaired glutamate homeostasis
has important neuropathological consequences (Mahmoud
et al. 2019). Exogenous Glut has been reported to cause
various neurological or neurodegenerative disorders
(NDs), including epilepsy (Barker-Haliski and White
2015), multiple sclerosis (Gautier et al. 2015), Alzheimer’s
disease (AD) (Olajide et al. 2021), Huntington’s disease
(HD) (Buren et al. 2020), amyotrophic lateral sclerosis
(ALS) (Battaglia and Bruno 2018), and Parkinson’s dis-
ease (PD) (Iovino et al. 2020), but experimental and clini-
cal data is still controversial (Zanfirescu et al. 2019). Lit-
erature data show that neuronal damage, NDs, and many
metabolic diseases are mechanistically associated with
redox imbalance and oxidative stress (Gubandru et al.
2013; Ungurianu et al. 2019a, b; Ungurianu et al. 2019a,
b). Glutamate uptake occurs via five specific glutamate
transporters, identified as excitatory amino acid transport-
ers (EAATs) (EAATs 1-5). Two of these, EAAT 1 and
EAAT 2 (referred to as GLAST and GLT-1 in the rodent
brain), are considered the most important glutamate trans-
porters in the CNS in terms of function and distribution.
EAAT 1 is mainly expressed in astrocytes, while EAAT 2,
responsible for 90% of brain glutamate reuptake, is highly
expressed in astrocytes and neurons (Parkin et al. 2020;
Olajide et al. 2021). Cerebrolysin (Cer) is a mixture of low
molecular weight peptides and amino acids derived from
pig brain tissue. Cer contains a balanced mixture of vari-
ous neurotrophic factors and active ingredients that induce
neuroprotection, neuroplasticity, and regeneration to the
neuronal cells (Fujisawa et al. 2000); it is recommended as
a potential clinical approach for stroke (Staszewski et al.
2022), traumatic brain injury, Alzheimer’s, and Parkin-
son’s disease (Garrido et al. 2015). Cer affects multiple
molecular pathways; it interacts with receptors (GluR1
and GABA RA/B) and regulates intracellular signaling
pathways (PI3K/Akt, NF-xB, JNK, and p38-MAPK),
as well as changes in molecular mediators involved in
the trophic activity (NGF, BDNF, and IGF-1), glucose
transport (GLUTI1), inflammation (TNF-a and IL-1p),
and neurotransmission (cholinergic, glutamatergic, and
GABAergic) (Lu et al. 2013; Makadia and Siegel 2011;
Pongwecharak et al. 2009; Haddadi et al. 2017; Ramesh

et al. 2010; Rattan et al. 2012). Cer effects on glutamate
transporters and any Cer-transporter-cytokine relations are
still unknown.

Protection of neuronal cells against glutamate-induced exci-
totoxicity may be an effective therapeutic approach for neuro-
degenerative diseases. In the present study, a glutamate toxicity
model was induced in neurons obtained from newborn rats and
the effects of Cer on neuroinflammation and biochemical path-
ways associated with this model were investigated.

Materials and Methods
Chemical and Reagents

Hanks’ balanced salt solution (HBSS), trypsin-ethylenediamine-
tetraacetic acid (EDTA), neurobasal medium (NBM), fetal bovine
serum (FBS), B27, antibiotics (penicillin, streptomycin, and
amphotericin B), glutamate, cerebrolysin, and dimethyl sulfoxide
(DMSO) were obtained from Sigma (USA). Total Antioxidant
Status Kit (TAC) and Total Oxidant Status (TOS) were obtained
from Rel Assay Diagnostics® Company (Gaziantep, Turkey).
Lactate dehydrogenase (LDH) assay was performed using a kit
from Cayman Chemicals (USA). 8-OHdG, FITC, and DAPI (Cat
no.: D1306) were obtained from Santa Cruz Biotechnology (Hei-
delberg, Germany).

Ethical Approval

This study was conducted at the Medical Experimental
Research Center at Ataturk University (Erzurum, Turkey).
The animal use protocol was reviewed and approved by the
Ethical Committee of Ataturk University, study protocol
04-2,100,268,999/30.09.2021.

Cell Culture
Primary Neuron Culture

Twelve Sprague Dawley rats, at less than 24 h of birth, were used
to obtain cortex neurons; briefly, after the rats were rapidly decap-
itated, the removed cortexes were transferred to 5 ml of Hanks’
balanced salt solution (HBSS), macrofragmented with a scalpel,
and then microfragmentation with EDTA (0.25% trypsin-0.02%
EDTA). The cells were centrifuged at 1200 rpm for 5 min. Cel-
lular medium for cells (88% Neurobasal Medium (NBM)), with
10% fetal bovine serum (FBS), 2% B27 (Supplement, Thermo
Fisher, Germany), 0.1% antibiotic (penicillin—streptomycin), and
amphotericin B (Thermo Fisher, Germany) was prepared and
cells were seeded in 96-well, 24-well, and 6-well plates. Cells
were incubated for 10 days at 5% CO, and 37 °C.
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Drug Treatment

The neuron cells were treated with glutamate (107> mM) and
glutamate (10~> mM) + Cer (4, 8, 16, and 32 pgr/ml) respec-
tively for 24 and 48 h (5% CO,, 95% humidity, and 37 °C).

MTT (3-(4,5-Dimethylthiazol-2-yl) Tetrazolium Assay

The neuron cell was seeded in 96-well plates (12 wells for
each group). The MTT assay was performed with a commer-
cially available kit (Sigma-Aldrich, USA). Briefly, MTT (10
UL at a concentration of 5 mg/ml) was added to each well and
incubated for 4 h (5% CO,; 37 °C) (Taghizadehghalehjoughi
et al. 2019a, b); then, DMSO was added to each well to dis-
solve formazan crystals. Cell viability (%) was calculated by
optical density (OD) read at 570 nm using the Multiskan™
GO Microplate Spectrophotometer reader (Thermo Scien-
tific, California, USA). The OD of the control group was set
as 100, and the viability rate of the other groups was calculated
according to the formula below.

Viabilityrate(%) = (OD of groups/Control OD) x 100

Total Antioxidant Capacity (TAC) Assay

The antioxidant capacity was determined by inhibition
of the 2-2'-azinobis 3-ethylbenzothiazoline 6-sulfonate
(ABTS™) radical cation formation. TAC was measured
colorimetrically using the Total Antioxidant Status Kit.
Briefly, the initial absorbance of sample-buffer mixture
was measured at 660 nm. Then, the ABTS radical cation
solution was added, and after 10 min, the second measure-
ment was made at 660 nm. TAC values were calculated as
mmol Trolox Equiv./L, according to the formula (YILMAZ
et al. 2021):

A2 — Al = AAbsorbance(standard, sample, or H,0)

H,0O0AAbs — Sample AAbs
H,0AAbs — Standard AAbs

TAC =

Total Oxidant Status (TOS) Assay

TOS assay is evaluated spectrophotometrically, depending on
the number of oxidants in the sample (Taghizadehghalehjoughi
et al. 2019a, b). Briefly, the initial absorbance value of sample-
buffer mixture was recorded at 530 nm. Then, the Prochromo-
gen solution was added and the second absorbance value was
read at 530 nm. TOS values were calculated as mmol H,0,
Equiv./L, according to the formula A2-A1= AAbsorbance
(standard or sample).

@ Springer

TOS = Sample AAbs % 10
" Standard AAbs

Lactate Dehydrogenase (LDH) Assay

LDH was determined with the LDH detection kit, according
to the manufacturer’s instructions. Cells were seeded in a
96-well plate at a density of 10°~10° cells/well in 200 pL
of the medium. Six wells were prepared for each concen-
tration. Triton X-100 (10%) and assay buffer were added
and the wells were incubated at room temperature for 1 h.
After centrifugation, the cell supernatant was transferred
to a new 96-well assay plate. LDH reaction solution was
added to each well and the plate was incubated with gentle
shaking on an orbital shaker for 30 min at 37 °C. A micro-
plate reader was used to measure the absorbance OD value
at 490 nm.

(Experimental valueA490) — (Spontaneous release A490) % 100

(Maximum releaseA490) — (Spontaneous release A490)

*Maximum release: The cells were killed by adding Tri-
ton X-100. Spontaneous release: control group with nontoxic
materials (cell medium) and experiment value.

Immunofluorescence Staining

After neuron cells fixation in paraformaldehyde for 24 h,
the cells were washed again in PBS for 5 min. Endogenous
peroxidase was inactivated by keeping it in 3% H,0, for
5 min. After washing for 5-10 min in PBS, 0.1% Triton-X
100 was incubated for 15 min for penetration, and then for
5 min with protein block compatible with all primary and
secondary antibodies to prevent nonspecific background
staining. At the end of the incubation, primary antibodies
(8-OHdG cat no.: sc-66036, diluent ratio: 1/100, USA) were
added at 37 °C for 1 h. After washing with PBS 2 times for
5 min, secondary antibody (FITC Cat no.: ab6717, dilution
ratio: 1/500, UK) was added and incubated in the dark for
45 min. After the tissues were washed, the DAPI (Cat no.:
D1306, dilution ratio: 1/250, UK) solution was added and
kept in the dark for 5 min. Sections were examined with a
fluorescent microscope (ZEISS Axio, Germany).

Gene Expression

Total RNA was extracted from neuronal cells. Total RNA
was used for synthesizing complementary DNA (cDNA)
using a High-Capacity cDNA Reverse Transcription Kit.
The sequences of gene-specific PCR primers are listed
below. The expression of EAAT 1, EAAT 2, IL-1B,
and IL-10, cDNA was determined with Rotor-Gene
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Fig. 1 Cell viability of primary
neuron cells at 24 and 48 h.
##Glutamate group compared
to control group P <0.001.

* #%Glut+ Cer (4, 8, 16, and
32 pg/ml) groups compared to
glutamate group (*P <0.05, **
P<0.001)

120

100 I
80
60
40
20
0

Control

Cell Viability Ratio %

Q (QIAGEN). Taq Man Gene Expression Master Mix
Kit was used for PCR amplification and quantification.
Results are stated as relative-fold compared with the con-
trol group. We normalized gene expressions to beta-actin
using the “2Ct method (x) and states as fold change to
control.

B-Actin:

Forward: 5'-CCAACCGCGAGAAGATGA-3'
Reverse: 5'-CCAGAGGCGTACAGGGATAG-3’
EAAT 1:

Forward: 5'-ACG GTC ACT GCT GTC ATT G-3’
Reverse: 5'-TGT GAC GAG ACT GGA GAT GA-3'
EAAT 2:

Forward: 5'-CCAGTGCTGGAACTTTGCCT-3
Reverse: 5'-TAAAGGGCTGTACCATCCAT-3’
IL-1p:

Forward: 5-TCTCAGATTCACAACTGTTCGTG-3’
Reverse: 5'-AGAAAATGAGGTCGGTCTCACTA-3’
IL-10:

Fig.2 TAC of primary neuron
cells both at 24 and 48 h. ##
Glutamate group compared

to control group P <0.001.

* #*Glut+ Cer (4, 8, 16, and
32 pg/ml) groups compared to
glutamate group (*P <0.05,
**P<0.001)

mmol trolox equiv./L
[\S] W E W N -

—_

Control

i
i

Glut 10-5mM  Glut+Cer 4

MTT Results

*
*

HH

Glut+Cer 8
pgr/ml

Glut+Cer 16
pgr/ml

Glut+Cer 32

pgr/ml ugr/ml

Groups
EMTT24H =MTT48H

Forward: 5'-GGCATGCTTGGCTCAGCACTG-3'
Reverse: 5'-GCCCTGCAGTCCAGTAGACG-3'

Statistical Analysis

Statistical comparison between groups was calculated
using one-way ANOVA and Tukey HSD method. All cal-
culations were performed using the SPSS 20 software for
statistical analysis, and P < 0.05 was considered a sta-
tistically significant difference in all tests. Results are
presented as mean and standard deviation (mean + SD).

Results

MTT Results

The cytotoxic effect of glutamate 10~ mM (Glut group)
and the neuroprotective effect of Cer (4, 8, 16, and 32 pgr/

TAC Results
% sk k4 ki
Glut 10-5 mM Glut+Cer 4 Glut+Cer 8 Glut+Cer 16 Glut+Cer 32
pgr/ml pgr/ml pgr/ml pgr/ml
Groups

ETAC24H =mTAC48H
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Fig.3 Total antioxidant capac-
ity of primary neuron cells both

24 and 48 h. The glutamate con- 6
trol compared with the control
group (##P <0.001: compared 5

to control group). Glut+ Cer

- S
(4,8, 16, and 32 pg/ml) is com- E 4
pared with the glutamate group I
(*P<0.05, **P<0.001) ~
Q I
S 2
N
1 .
0

Control

ml) on Glut 10~> mM exposed cells (Cer groups) was deter-
mined using the MTT method after 24 and 48 h (Fig. 1). A
control group was also used for comparison with the glu-
tamate control group. The cell viability ratio of the con-
trol group is 100%. The viability ratio of the Glut group is
68.17 and 63.35% for 24 and 48 h, respectively, compared
to the control group (P <0.001). In the Cer groups, the cell
viability ratio increases with increasing Cer concentration
compared to the Glut group. The highest viability rate is
found at 32 pg/ml Cer (86.61 and 90.56% for 24 and 48 h,
respectively).

Redox State in Primary Neurons Treated
with Cerebrolysin After Glutamate Toxicity

The total antioxidant capacity (TAC) levels of the control
group are constant both at 24 and 48 h, namely 5.4 and
5.2 mmol Trolox Equiv./L, respectively. There is a signifi-
cant decrease in TAC in the Glut group by 33% and 38% at
24 and 48 h, respectively, which is partly restored at the Cer
groups of 4 and 8 pg/ml and almost fully restored at Cer

Fig.4 LDH activity of primary
neuron cells for both 24 and

48 h. The glutamate control 50

compared with the Control 45

group (##P <0.001: compared 40

to control group). Glut+ Cer <35

(4, 8, 16, and 32 pg/ml) is com- < 30

pared with the glutamate group g 25
(*P<0.05, #*P <0.001) =

E 20

= 15

10

5

0

Control
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Glut 10-5 mM

H,0, Assay

II pols - 1 L
I
II.I.I-

Glut+Cer 4 Glut+Cer 8 Glut+Cer 16 Glut+Cer 32
pgr/ml pgr/ml pgr/ml pgr/ml
Groups

ETOS24H =TOS 48 H

group of 32 pg/ml (6.45% and 1.94% decrease compared to
control group at 24 and 48 h, respectively) (Fig. 2).

Total oxidative status (TOS) levels were evaluated in
mmol H,0, Equiv./L (Fig. 3). The oxidant level of the con-
trol group was found to be 2.3 and 2.5 mmol H,O, Equiv./L
at 24 and 48 h, respectively. After the glutamate application,
this value was found to be 4.8 at 24 h and 4.5 mmol H,0,
Equiv./L at the end of 48 h (P <0.001 in comparison to con-
trol group). The lowest oxidation rate among treatments was
seen in the Glut 10™> mM + Cer 32 pg/ml group (2.6 mmol
H,0, Equiv./L in both hours) (P <0.001). The application
of Cer at different doses after exposure to glutamate showed
that Cer protects neuron cells against glutamate toxicity and
the TOS value approached the control group (Fig. 3).

LDH Dynamics for Primary Neurons Treated
with Cerebrolysin After Glutamate Toxicity

The activity of LDH was rated according to the standard

solution (pure-%100) of the commercial kit (Fig. 4). The
LDH level of the control group was 9% at the end of 24 h

LDH Assay

#i
*
*
*
k% o
' . **

Glut 10-5 mM

Glut+Cer 16
pgr/ml

Glut+Cer 32
pgr/ml

Glut+Cer 4
/
HEE rn(l;roups

u[DH24H sLDH48 H

Glut+Cer 8
pgr/ml
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and 11% at the end of 48 h. LDH shows an increase in the
Glut group, 38% for the first 24 h and 43% at the end of 48 h.
The LDH level decreased sharply in the treatment groups
(Glut 107> mM + Cer 4 pg/ml (32% and 36%), 8 ug/ml (24%
and 21%), 16 pg/ml (18 and 15%), respectively) and the most
effective result was seen in the Cer 32 pg/ml group 12%
(P<0.001).

Fig.5 8-OHdG, DAPI, and
MERGE images of experi-
mental groups. Immuno-
fluorescence images of control,
Glut 107> mM, and Glut

107> mM + Cer 4, 8, 16, and
32 ug/ml 48 h after treatment

FITC

Cer16ug/ml  Cer8ug/ml Cerdug/mi Glutamat Control

Cer32ug/mi

Immunofluorescence Analysis

A significant decrease in cell viability and signs of inflam-
mation were observed in the Glut group. The Cer (4 to
32 pg/ml) increased the viability ratio and the inflammation
decreased (Fig. 5). Data of immunofluorescence staining
findings and statistical analysis results are given in Table 1.

DAPI MERGE
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Table 1 Scoring and analysis of 8-OHdG immunofluorescent staining.
The groups were control, Glut 107> mM, and Glut 10~ mM+Cer 4, 8,
and 32 pg/ml 48 h after treatment. a, b, c, d: different letters in the col-
umn represent statistically (P <0.05) significant difference

Groups 8-OHdG
Control 24.75+1.86%
Glut 107> mM 104.55+2.18°
Glut 107 mM + Cer 4 pg/ml 100.33 +2.49°
Glut 107> mM + Cer 8 pg/ml 74.8+£2°

Glut 1075 mM + Cer 16 pug/ml 57.68 + 1.24¢
Glut 107> mM + Cer 32 pg/ml 27.57 +£1.92°

Real-Time PCR Results
Glut + Cer Changes IL-1 Gene Expression in Neuron

Neuron’s cell IL-1f gene expression level was given in
Fig. 6. It is observed that IL-1f production in neuronal cells
increases as a result of glutamate administration. IL-1p over-
expression is a marker of severe inflammation in neuronal
cells. The data shows statistical difference when the gluta-
mate control group is compared with the control (P <0.001).
This data shows the central role of IL-1p in mediating neu-
roinflammation (correlation with MTT results). In response
to induced glutamate toxicity, there was a decrease in
IL-1p levels in the cerebrolysin-administered groups. Com-
pared to the Glut 107> mM group, the most effective result
(decrease in IL-1p expression) was observed in the Glut
107 mM + Cer 16 and 32 pg/ml groups (P <0.001).

Glut + Cer Changes IL-10 Expression in Neuron

Interleukin-10 is involved in both immunoproliferative and
inflammatory suppression by inhibiting the release of pro-
inflammatory cytokines. Therefore, an imbalance between
proinflammatory and anti-inflammatory cytokines may be an

Fig.6 IL-1p gene expression
was shown. The groups were
control, Glut 10~ mM, and
Glut 10.7> mM +Cer 4, 8, and

32 pg/ml 48 h after treatment 25
(*P<0.05, **P<0.001: com- ’
pared to the glutamate group, 2
## P <0.001: compared to the £
control group) % 1.5
=
[} 1
o)

Control

@ Springer

Glut 10-5 mM

important phenomenon in AD. This hypothesis is supported
by studies that describe a 7- to tenfold increase in IL-1p pro-
duction relative to IL-10 levels in AD patients. Similarly, in
our study, in contrast to IL-1f, there was a serious decrease
in IL-10 levels in cells exposed to Glut 107> mM (Fig. 7)
(P<0.01). Contrary to IL-1p data, the Glut 10~ mM + Cer
32 pg/ml group upregulated the IL-10 level that was stati-
cally significant (P <0.001).

Glut + Cer Did Not Affect Expression of Excitatory
Amino Acid Transporters in Neuron

Excitatory amino acid transporters 1 and 2 (EAAT 1 and
EAAT 2) are the main mediators for glutamate clearance
in humans (Fig. 8). The normal physiological function of
EAATs 1 and 2 is the clearance of the glutamate from
synapses. Impaired glutamate uptake with dysfunction or
reduced expression of EAATSs 1 and 2 has been implicated
in the pathogenesis of several neurodegenerative diseases
such as AD. In our study, there was a decrease in EAAT
1 (P <0.05) and no change in EAAT 2 (P> 0.05) gene
expression level in the Glut 107> mM group compared
to the control group. However, EAAT 1 expression level
was increased by increased Cer doses after Glut 10~ mM
application. EAAT 1 gene expression was the highest in
Glut 107> mM + Cer 32 pg/ml (P <0.05). Although the
EAAT 2 gene level, there was no detected change in treat-
ment groups (P> 0.05). The slight increase in the EAAT
2 level after Glut 107> mM + Cer 32 ug/ml administration
was not significant.

Discussion

Glutamate is an important excitatory neurotransmitter and
is rapidly removed from the synaptic cleft under physi-
ological settings. Glutamate-induced neurotoxicity is

[1-1B Gene Expression

%k
ok

Glut+Cer 4 Glut+Cer 8 Glut+Cer 16 Glut+Cer 32

pgr/ml pgr/ml ugr/ml ugr/ml
GROUPS
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Fig.7 IL-10 gene expression
was shown. The groups were
control, Glut 10~ mM, and

I1-10 Gene Expression

Glut 10.7 mM +Cer 4, 8, and 1.2 N
32 ug/ml 48 h after treatment 1 =
(P <0.05, **P <0.001: com- 7
pared to glutamate group, ## g 0.8
P <0.001: compared to control Ev:
group) g 0.6
£ 0.4
0.2
0 7 L
Control Glut 10-5 mM Glut+Cer 4 Glut+Cer 8 Glut+Cer 16 Glut+Cer 32
pgr/ml pgr/ml pgr/ml pgr/ml
GROUPS
I1-10 Gene Expression
1.2
*%
"7
2 0.8
k:
O 0.6
=
L 0.4 / fiid
02 %%
. o)) |
Glut 10-5 mM Glut+Cer 4 Glut+Cer 8 Glut+Cer 16 Glut+Cer 32 Glut+Cer 32
pgr/ml pgr/ml pgr/ml pgr/ml pgr/ml
GROUPS

involved in the pathophysiology of many diseases such
as epilepsy, multiple sclerosis, Alzheimer’s disease (AD),
Huntington’s disease (HD), amyotrophic lateral scle-
rosis (ALS), and Parkinson’s disease (PD) (Lewerenz

Fig.8 EAAT 1 and EAAT 2
gene expression levels were

shown. The groups were 12
control, Glut 10~ mM, and
Glut 10.7> mM +Cer 4, 8, and | I e
32 pg/ml 48 h after treat-
ment (¥*P <0.05 compared to
glutamate group, ##P <0.05: ) 0.8
compared to control group) E
0 0.6
=
=
=04
0.2
0 =
Control

and Maher 2015). However, due to the inability of the
transporters to remove the accumulation of glutamate,
it has been shown in many literature references that the
accumulation of glutamate leads to overstimulation of

EAAT 1 and EAAT 2 Gene Expression

*

—

E=

Glut+Cer 16 pgr/ml Glut+Cer 32 pgr/ml

Glut 10-5 mM Glut+Cer 8 pgr/ml

Groups

EAAT | =EAAT2
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the receptors and cell death (Iovino et al. 2020; Deletage
et al. 2021; Song et al. 2020; Taghizadehghalehjoughi and
Naldan 2021). The overstimulation of glutamate recep-
tors causes DNA damage and leads to the release of free
radicals. Cerebrolysin is a peptide with a pharmacologi-
cal effect similar to endogenous neurotrophic factors. In
our study, we investigated the effect of Cer peptides on
glutamate toxicity.

MTT results show glutamate toxicity causes neuronal
cell death (68%). Although the mechanisms of glutamate-
induced cell death described in various studies are dif-
ferent. The cell death occurs due to damage to some cell
compartments, including mitochondria (Atlante et al.
2001). Mitochondria and cell compartment damage cause
reactive oxygen species (ROS) to produce and also irre-
versible damage including DNA fragmentation (Yeni
et al. 2022). Cer was used for the elimination of glutamate
excitotoxicity.

The oxidative damage was reduced in the Cer-administered
groups and the antioxidant activity increased especially at 16
and 32 ug/ml. We think, Cer increase cellular viability by
directly effect on the ROS mechanism. Cer, a combination
of neurotrophic factors, not only reduces oxidative stress but
also leads to increase antioxidant enzyme activities (Vaghef
et al. 2019; Alzoubi et al. 2020). The Cer reduces glutamate-
induced memory dysfunction, at least in part, by inhibiting
oxidative damage and cell death in neurons.

Astrocytic glutamate transporters, EAATSs 1 and 2, play
an important role in eliminating released glutamate from the
synapse cleft (re-uptake). Elongation glutamate re-uptake
time (glutamate transporter insufficiency and dysfunction)
induced excitotoxic injury and cellular death (Karki et al.
2018). Dysregulation of EAAT 1 contributes to the patho-
genesis of multiple neurological disorders such as AD, ataxia,
traumatic brain injuries, and glaucoma (Maragakis and
Rothstein 2004; Hanani 2005). In our study, the cerebroly-
sin effects on EAATSs 1 and 2 in glutamate-induced toxic-
ity were determined. We found different effects on EAAT
1 and EAAT 2 transporters. A significantly increase was
seen in the expression and function of EAAT 1 but EAAT
2 did not change meaningly. As a result, while EAAT 1 was
expressed low in the presence of glutamate, its expression
level increased after Cer application. SA significant decrease
in the IL-1p expression level was shown at 16 and 32 pg/ml
Cer. Similarly, using an ischemic brain model, Cer injection
induced a significant decrease in the IL-1f level. Cer protects
neurons by increasing antioxidant capacity and decreasing
LDH levels (Guan et al. 2019). In parallel, Cer increases the
level of IL-10 and supports the anti-inflammatory process.
EIL-10 has an important protective role against brain damage
and is a marker for cell recovery (Garcia et al. 2017). In addi-
tion, in the immunofluorescence experiment conducted to
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evaluated the expression of 8-OHdG. The 8-OHdG expres-
sion was increased in the glutamate control group due to
DNA damage induction. 8-OHdG was used in nuclear and
mitochondrial DNA and is widely used as a biomarker for
oxidative stress and oxidative related to DNA damage (Vala-
vanidis et al. 2009). The 8-OHdG level by adding Cer shows
decrease especially in high doses due to decrease in the TOS
and LDH levels. According to our data, the 8-OHdG level
shows correlation with IL-1p, TOS, and MTT results. In
addition, the transporter activity leads to decrease in 8-OHdG
expression levels.

Conclusion

In our study, the effects of various Cer concentrations,
when glutamate toxicity has already been established after
relevant pre-exposure, were investigated. It seems that Cer
exerts a protective effect at doses of 16 and 32 pg/ml, by
preventing neuroinflammation and attenuating oxidative
damage, as shown by the significant increase in IL-10 and
TAC levels observed. Cer also enhances glutamate clear-
ance, as depicted by the increase on the EAAT 1 gene
expression level in the Cer groups. In conclusion, Cer
could be recommended for the prevention of glutamate-
related neurodegenerative diseases such as Alzheimer’s.
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