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ABSTRACT

Introduction: Metals such as silver have special merit in medicine. Recently, it has been Keywords:

shown that silver nanoparticles (Ag-NPs) can present some properties that could be valuable Oligodendrocytes
for researchers because of their dual neuroprotective and neurotoxic behaviors. The present Silver nanoparticles
study was planned to evaluate the effect of silver nanoparticles on OLN-93 oligodendrocytes TEM

through chemical hypoxic situation.

Methods: AOLN-93 cell line was selected as an oligodendroglial cell model. The stock
of the tested solution contained Ag-NPs with an average size of 40nm and concentration
0f 20.4 ppm. Chemical hypoxic-ischemic condition was induced by sodium azide (NaN3).
After a three-hour pretreatment of OLN-93 cells with Ag-NPs (0.001ppm), the cells were
incubated in glucose-free medium with sodium azide (100mM and 1M) and Ag-NPs
(0.001ppm) for 15min. Then, the reperfusion condition was set by returning the medium to
DMEM with 10% FBS along with Ag-NPs (0.001ppm) for 24h. Next, the viability of the
cells was assessed by MTT method. Also, Transmission electron microscopy images were
used to evaluate the morphology of the cells.

Results: Our results showed that Ag-NPs with a concentration of 0.001 ppm could
significantly increase ONL-93 cells survival through the 15min hypoxic-ischemia condition
induced by NaN3 (100mM) followed by reperfusion (93.02+2.83). However, Ag-NPs
(0.001ppm) could not protect the cells from hypoxic-ischemic injury induced by NaN3 (1M)
through the same procedure.

Conclusion: Although the neurotoxic effects of Ag-NPs have been documented in many
studies, the Ag-NPs solution, which was used in this study, could show protective effects on
oligodendroglial cells in concentration of 0.001 ppm during the planned model of chemical
ischemia. Hence, more investigation is suggested to clarify the protective effect of Ag-NPs
(average size of 40 nm) on oligodendrocytes.

Introduction and Marx, 2014). Although nanosilver is a new subject
Silver as a naturally occurring element has been used  in the modern pharmacy (Honary et al., 2017), silver has
for medicinal purposes for thousands of years (Barillo been utilized in Iranian traditional medicine, in that the
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usage of silver seems to be mentioned by Avicenna and
Rhazuz (Honary et al., 2017). Nanomaterial is a natu-
ral, related, or synthetic material containing particles in
an unbound state or as an aggregate or agglomerate in
which 50% or more of the particles in number, size, dis-
tribution, or one or more external dimensions is in the
size range of 1-100 nm (Shrestha and Kishen, 2016).
Since the nanomaterials present exceptional physico-
chemical properties (e.g. ultrasmall sizes, large surface
area/mass ratio and increased chemical reactivity) in
comparison with their bulk counterparts (Shrestha and
Kishen, 2016), these materials have recently been ap-
peared as important players in modern medicine (Mur-
thy, 2007). Nowadays, silver nanoparticles (Ag-NPs)
have a widespread spectrum of applications ranging
from disinfecting medical devices and home usage to
water treatment and utilization in dentistry (Ahamed et
al., 2010; Noronha et al., 2017). Moreover, Ag-NPs are
important for their potential of application in the treat-
ment of diseases that require maintenance of circulating
drug concentration or targeting of specific cells or organs
(Ahamed et al., 2010). Also, Ag-NPs are used to prevent
and treat the infection of burns and open wounds (Kha-
toon et al., 2017; Thirumurugan et al., 2010).

In this regard, it is described that Ag-NPs have been
detected in various brain regions (e. g. cerebral cortex,
hippocampus) after prolonged oral exposure (Dgbrows-
ka-Bouta et al., 2018; Skalska and Struzynska, 2015). It
is commonly reported that the repeated aggregation of
Ag-NPs in the brain affects the neurological functions
and induces neurotoxicity (Lebda et al., 2018). On the
other hand, it is mentioned that herbal based synthe-
sized nanoparticles are considered safer than their re-
spective chemically synthesized equivalents (Khatoon
et al., 2018). However, it is reported that small sphere
of Ag-NPs with average-size of 35nm can cause some
neurotoxicity due to their interaction with acetylcholin-
esterase enzyme (Khatoon et al., 2018). Nevertheless,
Gonzalez-Carter and colleagues for the first time in 2017
demonstrated a correlation between Ag-NP-detoxifying
mechanisms and a reduction in microglial inflammation
which serves a neuroprotective role.

It is known that the nervous system is constructed by
two major cell types, including neurons and glial cells
(Araque and Navarrete, 2010). Besides, glial cells are
classified into different types with different functions:
oligodendroglia, microglia, ependimoglia and astroglia

(Araque and Navarrete, 2010). In this regard, the oligo-
dendrocytes are the myelinating cells that are necessary
for the proper function of axons and oligodendrocytes
damage results in injury to white matter that occurs in
some neurologic diseases such as multiple sclerosis and
psychiatric diseases (Giaume et al., 2007). According to
the different reports about neurotoxic effects (Khatoon
et al., 2018; Lebda et al., 2018) or neuroprotective role
of Ag-NPs (Gonzalez-Carter et al., 2017), we intended
to plan this study to evaluate the effects of an Ag-NPs
solution on OLN-93 cells, the oligodendroglial cell line
(Richter-Landsberg and Heinrich, 1996), through in vi-
tro chemical induction of hypoxic-ischemic condition.

Methods and materials

Materials

The silver nanoparticles solution (SNB 110) used in
this experiment were purchased from in house K.P Chem
Company, Iran (Soheil Salmani, Mazeeyar Varasteh).
The stock solution of Dulbecco’s modified Eagle’s me-
dium (DMEM) was prepared (Sigma D5030). DMEM
with glutamine, glucose/glutamine-free DMEM and
fetal bovine serum (FBS) were purchased from GIB-
CO. Penicillin-streptomycin and 3-[4,5-Dimethylthi-
azol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT)
were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). All other chemicals are of the purest grade
existing from regular commercial sources.

The morphology (size and stability of the nanoparticles)
of Ag-NPs was determined by transmission electron
microscopy (TEM) (LEO 906; 100KV; Zeiss, Germany)
(Yinetal.,2013). TEM has also been applied to visualize
the silver nanoparticles (Yin et al., 2013).

Cell culture

OLN-93 cell line, previously purchased from Pasteur
Institute of Iran (Tehran, Iran), was gifted from the
pharmacology department of Iran University of Medical
Sciences. The cells were cultured in DMEM medium
supplemented with 10% FBS and 100IU/ml penicillin
and 100pg/ml streptomycin in a humidified 95% air and
5% CO2 incubator at 37 °C (Nadjafi et al., 2015). The
cells were sub-cultured twice a week by gentle scraping
and were cultured in a 96-well plate at a density of
5x10* cells/ml and were used for experiments 24h after
seeding (Nadjafi et al., 2015). All experiments were
approved by the Institute of Animal Care Committee at
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Iran University of Medical Sciences (code: IR.IUMS.
REC.1397.659).

Chemical hypoxic-ischemic assay

Sodium azide (NaN,), a well-known inhibitor of
complex IV, is used to induce chemical hypoxia in
vitro and in vivo (Ziabreva et al.,, 2010). Also, the
reports indicate that the treatment of neuronal and
oligodendroglial cell cultures with NaN, canbe employed
to mimic some different pathological conditions of the
nervous system (Selvatici et al., 2009; Ziabreva et al.,
2010). In this regard, we used NaN, to induce hypoxic-
ischemic condition in OLN-93 oligodendroglial cells.
The exposure of OLN-93 cells to NaN; was planned
based on the former studies (Ziabreva et al., 2010).
In detail, in vitro ischemic condition was simulated
by replacing the culture medium with glucose-free
DMEM contained different concentrations of NaN,
(10mM, 20mM, 50mM, 100mM, 1M) for 15min at
37°C under 5% CO2. Sodium azide can produce a
condition termed “chemical ischemia” which simulates
the energy depletion occurring during ischemia (Marino
et al., 2007). The effect of reperfusion was evaluated
by exchanging the medium with fresh and complete
DMEM with 10% FBS for 24h; then, the cell viability
was tested by MTT assay. According to the results, two
concentrations of NaN, (100 mM and 1M) were selected
to induce hypoxic-ischemic conditions in OLN-93 cells.

The procedure to evaluate the effect of Ag-NPs on
OLN-93 cells

The procedure was planned similar to previous in
vitro studies (Nadjafi et al., 2015). In detail, the OLN-
93 cells were pre-treated with Ag-NPs (0.001ppm) for
three hours. The concentration of Ag-NPs (0.001ppm)
was selected based on the concentration-response graph
as shown in Figure la. Next, the cells were incubated
in glucose-free medium with NaN, (100mM) and Ag-
NPs (0.001ppm) for 15min. Then, the cells were placed
under reperfusion condition by using fresh and complete
DMEM with 10% FBS along with Ag-NPs (0.001ppm)
for 24h. Finally, the cells viability was assessed by MTT
and data was presented based on the means of at least
SiX measurements.

Analysis of cell viability
Oligodendroglial cell viability was measured by using

the colorimetric MTT assay, as explained by Mosmann
(1983). Briefly, cells were incubated with 0.5 mg/ml
MTT in DMEM, at 37°C under 5% CO2, for 3h. The
blue formazan reduction product, produced by the action
of succinate dehydrogenase on the dye in living cells,
was dissolved in 100ul DMSO. Then, the optical density
was read at 570nm using a Dynex MRX microplate
reader (Dynex, Richfield, MN, USA). Data, which were
determined based on the MTT reduction were presented
as the percentage of viable cells in chemical hypoxic-
ischemic-exposed columns of the plate compared with
the control normoxic untreated columns (Nadjafi et al.,
2015). The cells, which were only incubated with the
culture media (DMEM along with 10% FBS) through
all the procedure were considered as control group with
100% viability.

Ultrastructural features of OLN-93 cells under TEM
observation

The analysis of the ultrastructure changes of OLN-93
cells was performed by TEM study (Alamzadeh et al.,
2019). In this regard, the effects of Ag-NPs on OLN-
93 cells after NaN,-induced hypoxic-ischemic condition
and the following reperfusion were compared with
untreated cells. Briefly, OLN-93 cells were collected by
centrifugation. Next, the cells were washed with PBS and
then cell fixation was performed in 2.5% glutaraldehyde
for two hours. Afterwards, the cells were washed
three times with PBS to remove free glutaraldehyde;
then, post-fixation of the cells was accomplished in
1% osmium tetroxide for 1.5h. Next, the cells were
dehydrated in acetone, infiltrated by resin and finally
embedded in pure resin (Epon 812, TAAB, UK). Then,
thin sections of samples (50nm) were prepared and
transferred on the 200-mesh uncoated grids and stained
with uranyl acetate and lead citrate before imaging with
TEM (LEO 906; 100KV; Zeiss, Germany) (Alamzadeh
etal., 2019).

Statistical analysis

All data were recorded and analyzed using SPSS
software version 22.0. All nominal data are expressed
as meantSEM. Statistical significance of differences
throughout this study was assessed using one-way vari-
ance analysis (Tukey’s test). A P-value of less than 0.05
was considered statistically significant.
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FIGURE 1. The concentration-response tests of Ag-NPs and NaN, on OLN-93 oligodendrocytes and the effect of Ag-NPs on OLN-93 cell
viability through NaN,-induced cytotoxic condition. In all the procedures (a-c), OLN-93 cells, which only treated with culture media (DMEM
with 10% FBS), were considered as control group with 100% viability. (a) The effects of the several concentrations of Ag-NPs on OLN-93 cell
viability. OLN-93 cells were treated with different concentrations of Ag-NPs, including 1, 0.1, 0.01, 0.001 or 0.0001 ppm, for 48h. Then, the
cell viability was determined by MTT assay. Data are presented as mean+SEM. "P<0.05. (b) The effects of several concentrations of NaN, on
OLN-93 cell viability. OLN-93 cells were treated with different concentrations of NaN;,, including 10, 20, 50, 100 and 1000 mM for 15 min.
Next, the cell viability was determined by MTT assay after 24h reperfusion. Data are presented as mean+SEM. *P<0.01. (c) The effects of
Ag-NPs on OLN-93 cell viability through NaN,-induced cytotoxicity condition. OLN-93 cells were incubated with Ag-NPs (0.001ppm) for
a three-hour pretreatment. Then, the cells were under chemical hypoxic condition by glucose-free medium with NaN3 (100 and 1000mM)
and Ag-NPs (0.001ppm) for 15min. Next, the cells placed under reperfusion condition by replacing the medium with fresh and complete
DMEM with 10% FBS along with Ag-NPs (0.001ppm) for 24h. Finally, the cell viability was determined by MTT assay. Data are presented as
mean=SEM. **P<(.01. NaN,, sodium azide; Ag-NPs, silver nanoparticles.

Results

Physical features of the silver nanoparticles and the
solution

TEM was used to determine the characterizations of
Ag-NPs and physical characteristics of the Ag-NPs is
featured in Figure 2. The Ag-NPs were homogeneous
and spherical in shape with average size 40nm. The
concentration of Ag ions in the solution (20.4 ppm) was
determined in the chemical analysis laboratory using of
inductively coupled plasma optical emission spectrome-
try technique (Welna et al., 2020).

NaN, and OLN-93 cell viability

OLN-93 cells were incubated with several concen-
trations of NaN, (10mM, 20mM, 50mM, 100mM and
1000mM) for 15min. Then, the viability of OLN-93

cells was measured after a 24h-reperfusion by the col-
orimetric MTT assay. Further analysis demonstrated
that maximum cell death was significant (P<0.01) by
100mM and 1000mM concentrations of NaN, in com-
parison with the other tested concentrations (Figure 1b).
In detail, the OLN-93 cells viability after a 1 5min chem-
ical ischemic condition by NaN, concentrations of 100
and 1000mM and a 24h reperfusion were 74.31% and
69.62%, respectively. Since there was not a significant
statistical difference between the cell viabilities of the
NaN; concentrations of 100 and 1000mM, both concen-
trations were used to induce chemical hypoxic-ischemic
condition for assessment of Ag-NPs effect on OLN-93
cells.

Effect of Ag-NPs on OLN-93 cells in chemical hypox-
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FIGURE 2. Transmission electron microscopy analysis of silver nanoparticles solution (SNB 110). (a) Representative micrograph showing

Ag-NPs. (b) Histogram of Ag-NPs distribution.

FIGURE 3. Ultrastructure of OLN-93
cells: (a) before any treatment; (b) af-
ter treatment with silver nanoparticles
(Ag-NPs); (c) after treatment with sodi-
um azide (NaN,); (d) after pretreatment
with Ag-NPs (0.001ppm) for three hours
followed by NaN, (100mM)-induced
chemical hypoxia in glucose-free medi-
um along with Ag-NPs (0.001ppm) for
15min and 24h reperfusion condition
by replacing the medium with fresh and
complete DMEM with 10% FBS along
with Ag-NPs (0.001ppm). Arrows indi-
cate the presence of silver nanoparticles
or NaN, in the OLN-93 cell. The ab-
breviations: rcm, Ht, V, M, N stand for
rupture of cytoplasmic membrane, het-
erochromatin, vacuoles, mitochondria,
nucleus, respectively.

ic-ischemic condition injury through the same procedure (Figure 1c).

Our results showed that Ag-NPs (0.001ppm) could sig-

nificantly increase ONL-93 cell survival through 15min TEM observation and ultrastructural appearance of

NaN, (100mM)-induced hypoxic-ischemia, followed OLN-93 cells

by 24h reperfusion, (93.02535% + 2.832253, P<0.001). Ultrastructure of OLN-93 cells was visualized by
However, Ag-NPs (0.001ppm) could not protect the TEM assay to show the changes of the cells features af-
cells from NaN, (1000mM)-induced hypoxic-ischemic ter exposure to NaN, and Ag-NPs. Also, TEM was used
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to display the effects of Ag-NPs on NaN,-induced cyto-
toxicity. Figure 3a displays the photomicrograph of the
control group of OLN-93 cells (no treatment) that the
cell organelles such as mitochondria, heterochromatin
and nucleus were shown. The photomicrograph of the
OLN-93 cells in medium with Ag-NPs showed that the
nanoparticles (Figure 3b showed by arrow) can pene-
trate into the cells. Moreover, Figure 3¢ revealed the
effects of NaN; treatment on the cell structures. Accord-
ingly, there was obvious presence of apoptosis related
morphological features, which are mentioned in oth-
er cells and neurons, such as chromatin condensation,
nuclear fragmentation, an increase in cell density and
the formation of cytoplasmic blebs (Kalinichenko and
Matveeva 2008). Furthermore, irregular shape and in-
creased size of the nucleus (Kalinichenko and Matveeva
2008; Saraste and Pulkki 2000) and abnormal vacuoles
(Kalinichenko and Matveeva 2008) were obscured. The
pre-treatment and exposure of OLN-93 cells with Ag-
NPs along with NaN, resulted in protection against cell
injuries wherein the structural morphologic alterations
including interruption of plasma membrane, chroma-
tin condensation, vacuoles damages, mitochondria
abnormalities and nucleus membrane swelling were
decreased. These features can be determined in the pho-
tomicrograph of the cells (Figure 3d).

Discussion

In this study, we evaluated the effects of an Ag-NPs
solution (40nm diameters and 0.001 ppm concentration)
on OLN-93 oligodendroglial cells through NaN.-in-
duced hypoxic-ischemic condition and the following
reperfusion. The results of MTT assay revealed that
treatment of OLN-93 cells by Ag-NPs (0.001 ppm)
could protect the OLN-93 cells from cell demise during
NaN; (100 mM)-induced hypoxic-ischemic condition.
This result was in line with the findings from TEM that
showed the entrance of Ag-NP to OLN-93 cells. Ag-
NPs were appeared in OLN-93 cells and the main or-
ganelles such as nucleus and mitochondria had normal
appearance similar to normal cells; however, these or-
ganelles severely damaged after solitary cell treatment
with NaN,. Furthermore, Ag-NPs treatment could pro-
tect OLN-93 cells organelles from injury. It is known
that vacuoles are common intracellular organelles and
may occupy a significant part in the cells of plant, fungi
and Protista (Shubin et al., 2016), but vacuoles are not

usually existed in most animal cells as regular organelles
(Shubin et al., 2016). However, cytoplasmic vacuoliza-
tion of mammalian cells is defined as a morphological
phenomenon that giant vacuoles are formed in animal
cells in vivo and in culture (Shubin et al., 2016). It is
important to know that the cytoplasmic vacuolization in
animal cells may occur spontaneously or after exposure
to bacterial or viral pathogens in addition to numerous
natural and artificial low molecular-weight compounds
(Shubin et al., 2016). On the other hand, the cytoplas-
mic vacuolization of mammalian cells can be transient
or irreversible (Shubin et al.,, 2016) and irreversible
vacuolization indicates cytopathological conditions that
result cell death, as long as the cytotoxic stimulus is re-
mained (Shubin et al., 2016). Also, mitochondria are
vital organelles present in all eukaryotic cells including
neurons and they not only have energy-generating func-
tion, but also participate in metabolism, calcium signal-
ing, and apoptotic cell death (Sekine et al., 2003). Final-
ly, nucleus is very dynamic organelle and contains the
bulk of the genome and is involved in controls of all cell
activities (Lamond and Earnshaw, 1998). According to
the results of this study, it seems that Ag-NPs protection
may proceed with anti-inflammatory effects via reduc-
tion of autophagic vacuoles and protection of mitochon-
drial systems against NaN, toxicity in OLN-93 cells.

Since Ag-NPs presents remarkable broad-spectrum
bactericidal properties and biocompatibility (i.e. as drug
delivery agent), it makes Ag-NPs a really wide-range
useful material (Bouallegui et al., 2017). In contrast,
some studies reported the toxic effects of Ag-NPs such
as neurovascular toxicity, astrocytes metabolic and bio-
synthesis suppression (Xu et al., 2015), voltage-gated
sodium channels toxicity (Liu et al., 2009), as well as
destructive effects on cortical cell survival through cy-
toskeletal and synaptic protein degradation, and mito-
chondrial degeneration in rats (Xu et al., 2013). By the
way, the known mechanisms of neurotoxicity induced
by Ag-NPs are specific to most nanoparticles, including
the induction of oxidative stress, mitochondrial damage
and an increase in the calcium levels related to trans-
porter/receptor mechanisms (Teleanu et al., 2018).

In this regard, it is also important to know that neuro-
toxicity might be influenced by some characteristics of
the Ag-NPs such as size, shape, surface coatings, rates
of silver ions release and interactions with specific cells
and proteins (Teleanu et al., 2018). Incidentally, a study
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on circulating immune cells in mytilus galloprovincia-
lis, a marine invertebrate, notifies that nanotoxicity of
Ag-NPs is size-dependent and indirectly dependent to
duration of exposure (Bouallegui et al., 2017). Another
case about the size-dependent effects of Ag-NPs indi-
cates that Ag-NPs (20nm) have high cytotoxic proper-
ties with respect to permeating and damaging cerebral
microvascular structures, as compared with larger parti-
cles (40nm and 80nm) (Xu et al., 2013). In this regard,
citrate-coated Ag-NPs (the average size: 19.8+£2.1nm)
can induce toxic effects on neurons and astrocytes, de-
rived from human embryonic stem cells, because of me-
diating oxidative stress as the major cause of the neu-
rotoxicity (Repar et al., 2018). Likewise, Ag-NPs with
average size around 20-25nm were used by Yin and
colleagues and their findings notified that neurotoxic
effect, resulted from Ag-NPs exposure, occurs via ox-
idative stress-induced apoptosis in rat cerebellum gran-
ule cells (Yin et al., 2013; Yin et al., 2015). Also, the
neurotoxic potential of Ag-NPs (size: around 20nm) on
rat motor dysfunction is associated with the reduction in
expression of calcium channel protein (Yin et al., 2015).
Moreover, it is stated that Ag-NPs with smaller sizes can
show higher reactivity with biological membranes, more
efficient cellular uptake and toxicity (Dabrowska-Bouta
et al., 2018).

However, it is mentioned that the effects of 20 and
40nm Ag-NPs on a mixed primary cell model con-
taining mainly of neurons and astrocytes and a minor
proportion of oligodendrocytes shows much more vul-
nerability of the astrocytes to Ag-NPs treatment in com-
parison with neurons (Haase et al., 2012). Therefore,
it seems that the types of cells (e. g. neuron, astrocyte
and oligodendrocyte) can also be important in evalu-
ation the effects of 20 and 40nm Ag-NPs on the ner-
vous system cell (Haase et al., 2012). Thus, it may need
more focused tests to clarify the effect of the Ag-NPs
on the different cell types of nervous system including
oligodendrocytes. According to the findings, the size
of Ag-NPs (40nm diameters), which were used in this
study, was greater than the Ag-NPs, used by Yin and col-
leagues also Repar and colleagues (Repar et al., 2018;
Yinetal., 2013; Yin et al., 2015). Then, it seems that the
size of Ag-NPs (40nm diameters) could be considered
as an effective factor in increasing survival of ONL-93
oligodendrocytes through the NaN, (100mM)-induced
hypoxic-ischemic and reperfusion experiment.

Another aspect about Ag-NPs-related toxicity could
be the time exposure. For instance, prolonged low-dose
exposure to Ag-NPs (size: 10+0.4nm) may result alter-
ation in endothelial cells and may lead to the subsequent
dysfunction of neurovascular unit (Dgbrowska-Bou-
ta et al.,, 2018). Hence, it should be considered that
the findings of this study, which showed that Ag-NPs
(0.001ppm) could significantly increase ONL-93 oligo-
dendrocytes survival, were resulted from a 15-minute
NaN, (100 mM)-induced hypoxic-ischemic challenge,
followed by a 24-hour reperfusion time.

On the other hand, green synthesized Ag-NPs (spher-
ical shape, size: 162.72+5.02nm), using aqueous extract
of Pueraria tuberosa, presents in vitro anticancer activity
in breast (MCF-7and MDA-MB-231), ovarian (SKOV-
3), brain (U-87) and multi-drug resistant (NCI/ADR)
cancer cell lines (Satpathy et al., 2018). A similar study
to ours revealed that green synthesize Ag-NPs (size:
565.1nm with 100% intensity and width of 119.1nm)
from stem of Nicotiana tabacum have in vitro antioxi-
dant activity on rat PC-12 neuronal cells and results in
neuroprotective effect against hydrogen peroxide-in-
duced neurotoxic shock (Sharma, 2017). In addition,
the synthetic Ag-NPs (spherical shapes with a mean
size ranges between 12.86 to 28.19nm) from aqueous
extracts of aerial parts of Lampranthus coccineus and
Malephora lutea seems to be able to counteract oxi-
dative stress and can be useful in treatment of Alzhei-
mer’s disease (Youssif et al., 2019). Furthermore, Ag-
NPs with uniform, spheroid morphologies and a mean
diameter of 49.7+£10.5nm reduces brain inflammation
and related neurotoxicity through induction of hydrogen
sulphide-synthesizing enzymes (Gonzalez-Carter et al.,
2017).

Conclusions

In conclusion, the results of this in vitro study revealed
that Ag-NPs (40nm diameters, 0.001ppm) could signifi-
cantly increase ONL-93 oligodendroglial cells survival
through 15min NaN, (100 mM)-induced hypoxic-isch-
emic condition, followed by 24h reperfusion; however,
Ag-NPs (0.001ppm) could not protect the cells from
NaN, (1000mM)-induced hypoxic-ischemic injury
during the same procedure. Obviously, the oligoden-
drocytes have the key role of myelination in the central
nervous system and oligodenroglial injury is related to
several neurologic diseases such as multiple sclerosis
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(Giaume et al., 2007) and the results of this study re-
vealed the protective effect of Ag-NPs (40nm diameters,
0.001ppm) on OLN-93 oligodenroglial cells in a model
of chemical ischemic condition. Based on the previous
aforementioned reports and the results of this study, it
seems that the factors including the time exposure to
Ag-NPs, the origin of the synthesis, size and shape of
the Ag-NPs have critical roles to determine the toxic
or protective effects of Ag-NPs on the oligodenrocytes
and other cell types of the nervous system. Also, in vivo
studies are suggested to clarify the toxic, protective or
therapeutic effects of Ag-NPs on oligodendrocytes.
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