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ABSTRACT: The reactivity of retinal glia in response to oxidative stress has a
significant effect on retinal pathobiology. The reactive glia change their
morphology and secret cytokines and neurotoxic factors in response to oxidative
stress associated with retinal neurovascular degeneration. Therefore, pharmaco-
logical intervention to protect glial health against oxidative stress is crucial for
maintaining homeostasis and the normal function of the retina. In this study, we
explored the effect of azithromycin, a macrolide antibiotic with antioxidant,
immunomodulatory, anti-inflammatory, and neuroprotective properties against
oxidative stress-induced morphological changes, inflammation, and cell death in
retinal microglia and Müller glia. Oxidative stress was induced by H2O2, and the
intracellular oxidative stress was measured by DCFDA and DHE staining. The change in morphological characteristics such as the
surface area, perimeter, and circularity was calculated using ImageJ software. Inflammation was measured by enzyme-linked
immunosorbent assays for TNF-α, IL-1β, and IL-6. Reactive gliosis was characterized by anti-GFAP immunostaining. Cell death was
measured by MTT assay, acridine orange/propidium iodide, and trypan blue staining. Pretreatment of azithromycin inhibits H2O2-
induced oxidative stress in microglial (BV-2) and Müller glial (MIO-M1) cells. We observed that azithromycin inhibits oxidative
stress-induced morphological changes, including the cell surface area, circularity, and perimeter in BV-2 and MIO-M1 cells. It also
inhibits inflammation and cell death in both the glial cells. Azithromycin could be used as a pharmacological intervention on
maintaining retinal glial health during oxidative stress.
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■ INTRODUCTION
Müller glia, microglia, and astrocytes are the three different
glial cells present in the mammalian retina. Müller glia are
involved in structural stabilization, maintaining homeostasis,
neurotransmitter recycling, and neuronal survival in the retina,
whereas microglia are distributed throughout the inner retina
and involved in phagocyting apoptotic cells and cellular debris,
cutting back dysfunctional synapse, providing trophic factors,
regulating synaptic function, and remodeling the extracellular
matrix.1−3 Glia become active and exhibit morphological and
functional changes after homeostasis has been disturbed by
external stress. Their activation state is determined by the
nature and severity of the stress.3−5 The activated microglia
change their shape from ramified morphology with a small
cellular body to amoeboid shape with a large cellular body,
increase in cell proliferation, and increase in IBA1
expression.6,7 IBA-1 plays important role in the actin-cross-
linking involved in membrane ruffling of microglia. Since
membrane ruffling is essential for the morphological changes
from ramified microglia to activated amoeboid microglia,
microglial activation is associated with increased IBA-1
expression.8 However, the reactive Müller glia are charac-
terized by an increase in intermediate filament proteins
including glial fibrillar acidic protein (GFAP), nestin, and

vimentin and downregulation of proteins involved in its
homeostatic functions.4 The reactive astrocytes are charac-
terized by an increase in GFAP expression, proliferation, and
cell adhesion with an increase in the production of
inflammatory markers and oxidative stress molecules.5

Oxidative stress plays an important role in retinal patho-
genesis. It stimulates inflammation and cell death in retinal
neuronal and glial cells.9−12 Increases in oxidative stress result
in the oxidation of lipid, DNA, and protein and induction of
mitochondrial injury, leading to neuronal and glial degener-
ation.13 Microglia are the resident macrophages that play an
important role in the innate immune system of the retina.
Under stress, microglia secret proinflammatory cytokines and
reactive oxygen and nitric oxide species with the activation of
nicotinamide adenine dinucleotide phosphate oxidase (NOX-2
and NOX-4).14 Under stress, microglia secret proinflammatory
cytokines and reactive oxygen species (ROS) with the
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activation of nicotinamide adenine dinucleotide phosphate
oxidase.14 Microglia are considered to be the main source of
oxidative stress in the eye as they have high concentrations of
antioxidants, which makes them more oxidative stress-
resistant.13 However, oxidative stress induces changes in
microglia and Müller glia from the noninflammatory to the
proinflammatory state and causes glial cell death.15−18 The
reactive glia secret inflammatory cytokines and neurotoxic
factors contributing significantly to disease pathology in
various retinal diseases such as retinopathy of prematurity,
diabetic retinopathy, ischemic retinopathy, glaucoma, age-
related macular degeneration, and retinitis pigmentosa.1,2,18

Apoptosis of Müller glia leads to apoptotic cell death in
photoreceptors, and glial degeneration has implication toward
the neurodegeneration with loss in trophic factors.3,19,20 Glial

cells are, therefore, a potential cell target for several therapeutic
approaches to treat retinal diseases.21,22

Many studies focused on the role of glia on neurovascular
abnormality; however, pharmacological intervention on
protecting glial health against oxidative stress has received
little attention. By controlling the stress factors and protecting
glial health, many of the retinal diseases associated with
neurovascular abnormalities may be controlled. Therefore, in
this study, we explored the effect of azithromycin (AZM), an
FDA-approved macrolide antibiotic known for its antioxidant,
immunomodulatory, anti-inflammatory, and neuroprotective
properties, used for infectious ocular diseases such as bacterial
conjunctivitis, trachoma, blepharitis, and endophthalmitis
experimented in different disease models.23−29 It has an
interesting pharmacokinetics profile, has a high accumulation
rate in cells, specifically phagocytic cells and tissues, and has a

Figure 1. AZM inhibits H2O2-induced intracellular ROS production in BV-2 microglial and MIO-M1 Müller glial cells in vitro. (A) Representative
images of DCFDA staining for BV2 cells, (B) spectrofluorometric measurement of DCFDA biochemical assay for BV2 cells, (C) representative
images of DCFDA staining for MIO-M1 cells, (D) spectrofluorometric measurement of DCFDA biochemical assay for MIO-M1 cells. Red bars
indicate fluorescence quantified in control cells, faint red bars indicate AZM-treated cells, green bars indicate H2O2-treated cells, and faint green
bars indicate AZM-pretreated H2O2-treated cells. DMEM was taken as 100% and it was compared with the rest of the groups. All the results were
presented as mean ± SD, n = 6, and one-way ANOVA was performed with Tukey’s multiple comparisons, ****p < 0.0001, black stars are
differences as compared to DMEM, and blue stars are differences as compared to the H2O2.
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plasma half-life of >40 h.30 AZM also can act on macrophages
and alter the inflammatory M1 to anti-inflammatory M2

phase.27 Here, we have focused on studying the effect of AZM
on oxidative stress-induced changes in morphology, inflamma-

Figure 2. Morphological changes in control and H2O2-treated BV-2 microglial and MIO-M1 Müller glial cells in vitro in the presence and absence
of AZM evaluated by phase-contrast microscopy. (A) Phase-contrast image of BV-2 cells, (B) surface area of the BV-2 cells, (C) circularity of the
BV-2 cells, (D) perimeter of the BV-2 cells, (E) phase contrast image of MIO-M1 cells, (F) surface area of the MIO-M1 cells, (G) circularity of the
MIO-M1 cells, and (H) perimeter of the MIO-M1 cells. All the results were presented as mean ± SD, n = 6, and one-way ANOVA was performed
with Tukey’s multiple comparison, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, and ns represents p > 0.05, black stars as compared to
DMEM, and blue stars are as compared to the H2O2.
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tion, and cell death for microglia and Müller glia as both cells
show phagocytosis properties which may lead to high
intracellular accumulation of AZM. It has the potential to
open a new avenue for the application of AZM in inflammatory
retinal diseases where microglial activation and Müller glial
activation play an important role in disease progression,
including neuronal and vascular degeneration.

■ RESULTS

Pretreatment of AZM Inhibits Oxidative Stress in
Microglial and Müller Glial Cells

The inhibition of oxidative stress by AZM was evaluated in
retinal glial cells such as microglial (BV-2) and Müller glial
(MIO-M1) cells. For this purpose, oxidative stress was induced
by H2O2 with the presence and absence of AZM, and the
intracellular ROS was determined by dichlorofluorescein
(DCF) and dihydroethidium (DHE) levels. The fluorogenic
substrate 2′,7-dichlorofluorescein diacetate is a cell-permeable
dye, which, after entering into the cell, can be hydrolyzed into
nonfluorescent 2′,7-dichlorofluorescein by intracellular ester-

ase and then oxidized to fluorescent 2′,7-dichlorofluorescein by
ROS within the cytosol; the resulting change in fluorescence
intensity could be used to measure the intracellular generation
of ROS.31 DHE is a cell-permeable compound that oxidized on
reaction with superoxide to 2-hydroxyethidium, which binds to
DNA in the nucleus and fluoresces red.32 AZM did not show
any change in ROS in control BV-2 or MIO-M1 cells (Figures
1 and S1).
There was a significant increase in fluorescence intensity,

indicating that with the H2O2 treatment, the ROS was
increased in both BV-2 and MIO-M1 cells (Figures 1 and
S1). The results also showed that the AZM inhibits the
intracellular ROS production at all concentrations which is
comparable to the control without any AZM or H2O2
treatment (7.5, 15, and 30 μM), and we did not see any
dose dependence in the neutralization of intracellular ROS by
AZM (Figure 1). It shows the complete neutralization of ROS
at these concentrations as all are comparable to the control;
however, at lower concentrations of AZM (3.35 to 7.5 μM), it
shows partial neutralization of ROS. A similar but more

Figure 3. Confirmation of the anti-inflammatory effect of AZM on BV-2 microglial cells by ELISA. (A) TNF-α, (B) IL-1β, and (C) IL-6 secreted
by BV-2 cells. Red bars indicate fluorescence quantification in control cells, faint red bars indicate AZM-treated cells, green bars indicate H2O2-
treated cells, and faint green bars indicate AZM-pretreated H2O2-treated cells. (D) Representative images of the anti-GFAP antibody staining in
Müller glia. (E) Quantification of fluorescence intensity from GFAP immunostaining images. All the results were presented as mean ± SD, n = 6,
and one-way ANOVA was performed with Tukey’s multiple comparison, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, and ns represents p
> 0.05, black stars are as compared to DMEM and blue stars are as compared to the H2O2. AZM inhibits oxidative stress-induced cell death in
retinal glia.
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pronounced effect was also observed at the 24 h time points
with no major change in fluorescence intensity (Figure S1). In
contrast, DHE staining shows dose dependence at 7.5 to 15
μM concentration (Figure S1), which might be due to their
detection method; DHE detects superoxide, while DCFH-DA
detects hydrogen peroxide (in the presence of peroxidases),
hydroxyl radical, and peroxynitrite.
AZM Inhibits the Oxidative Stress-Induced Change in
Cellular Morphology in Retinal Glia

To evaluate the change in morphology, BV-2 microglial and
MIO-M1 Müller glial cells were induced with H2O2 in the
presence and absence of AZM. Under a phase-contrast
microscope after 30 min (Figure 2), it was observed that the
morphology of BV2-cells did not change after AZM treatment
as compared to the control; however, under H2O2 treatment,
the morphology of the BV-2 cells changed to amoeboid shape
with a large cell body as compared to controls which confirmed
that the AZM inhibited the glial cells to form proinflammatory

or amoeboid morphology under oxidative stress (Figure 2A).
With the AZM treatment, the surface area, circularity, and
perimeter did not change in microglia as compared to the
control, which indicated that AZM does not cause any change
in resting microglia.
The quantification data indicated an increase in the cell

surface area (Figure 2B) and circularity (Figure 2C). However,
there was no change in perimeter (Figure 2D), which would be
consistent with activation of the microglia under oxidative
stress. The surface area, circularity, and perimeter of the AZM
and H2O2-treated groups do not vary significantly as compared
to the control without AZM and H2O2. The results suggested
that the pretreatment of AZM impeded the microglia from
entering into the activated proinflammatory state, which was
confirmed by a decrease in surface area and circularity with
constant perimeters (Figure 2A−C).
With the AZM treatment, the surface area, circularity, and

perimeter did not change in Müller glia as compared to the

Figure 4. Visualization of live and dead cells by acridine orange/propidium iodide (AO/PI) staining. AO gives green fluorescence for live cells, and
PI gives red fluorescence for necrotic cells and yellow for apoptotic cells. (A) Representative images of AO/PI staining for BV-2 cells, (B)
quantification of the percentage PI-positive cells compared to the total number of microglial cells (n = 8), (C) representative images of AO/PI
staining for MIO-M1 cells, (D) quantification of the percentage of PI-positive cells compared to the total number of MIO-M1 cells (n = 8). All the
results were presented as mean ± SD, and one-way ANOVA was performed with Tukey’s multiple comparisons, **p < 0.01, ***p < 0.001, ****p <
0.0001, black stars as compared to DMEM, and blue stars are as compared to the H2O2.
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control, which indicated that AZM does not cause any gliosis.
Under oxidative stress, Müller glia underwent drastic
morphological changes. The cellular process/lamellipodial
structures were reduced and became smaller. With higher
concentrations of H2O2, the cells turned to more circular
morphology and detached completely from the surface of the
well plate (Figure 2E). The quantification data indicated that
the surface area and perimeter are significantly higher than the
H2O2-treated group and lower than the control without H2O2
and AZM treatment (Figure 2F,H), whereas the circularity is
significantly lower than the H2O2-treated group and higher
than the control without H2O2 and AZM treatment (Figure
2G). The data indicated the partial protection of Müller gliosis
by AZM pretreatment.
AZM Inhibits Oxidative Stress-Induced Proinflammatory
Cytokine Secretion by Microglia in Microglia and Reduces
GFAP Expression in Müller Glia

Proinflammatory cytokines are produced predominantly by
activated macrophages, microglia, and Müller glia and are
involved in the upregulation of inflammatory reactions. There
is abundant evidence that certain proinflammatory cytokines
such as IL-1β, IL-6, and TNF-α are involved in the process of
pathological changes in retinal diseases. The data indicated
that BV-2 cells secreted more proinflammatory cytokines such
as TNF-α and IL-1β but not IL-6 by H2O2, and pretreatment
of AZM inhibited their secretion which is comparable to the
control without AZM and H2O2 treatment (Figure 3A−C).
However, H2O2 treatment did not increase cytokines such as
TNF-α, IL-1β, and IL-6 production in Müller glia (data not
shown) in all the treatment groups, although there was
reduced expression of GFAP observed (Figure 3D,E).
The cytoprotective effect of AZM on H2O2-induced cell

death was evaluated by AO/PI live−dead staining (green, live
cells; red, necrotic cells; and yellow, apoptotic cells), trypan
blue live−dead assay, and MTT assay (Figures 4, 5, and S2).
For this, BV-2 microglial and MIO-M1 Müller glial cells

were induced with H2O2 in the presence and absence of AZM.
To standardize the effect of concentration of H2O2 and
incubation time, AO/PI staining and MTT assay were
performed at 30 min and 24 h. It was observed that at 30

min time points, the cell death (75 and 150 μM) did not have
a significant change as compared to the control; however, 300
μM in 50 and 95% cell death at 30 min and 24 h respectively,
600 μM H2O2 treatment showed 100% cell death in both time
points in BV-2 cells (Figures 5 and S3). The MTT assay
indicated that 300 μM H2O2 induces 50% cell death in MIO-
M1 cells at 30 min time point (Figures 4 and 5). AZM could
rescue 100 and 70% of cells from dying in BV-2 and MIO-M1
cells, respectively (Figure 5). Furthermore, 12 and 20% cells
were PI and trypan blue-positive cells in BV2 and MIO-M1,
respectively, indicating that besides necrosis, other modes of
cell death may be involved for rest 20% cell death. AZM could
inhibits H2O2-induced cell death quantified by a significant
reduction in the number of PI-positive cells (Figures 4 and S4)
and trypan blue-positive cells (Figure S4) in both microglia
and Müller glia. However, at higher concentrations (>30 μM),
AZM causes cell death, suggesting that lower concentrations
are necessary for therapeutic application (Figure 5A,B).

■ DISCUSSION
The microglia and Müller glia play significant roles in
maintaining homeostasis and normal function in the retina.
Microglia phagocytosed the apoptotic cells and cellular debris
and invaded microorganisms, whereas Müller glia provide
neuroprotection and maintain structural and functional
integrity to the neuronal and vascular system.1−4 Although
primary microglia and Müller glia are preferable options for
drug evaluation, BV2 and MIO-M1 are suitable alternatives as
they have similar transcriptome and proteome profiles as
compared to their respective primary cells.33,34 Nonetheless,
this raises a very important point regarding this work. The
work presented her suggests that AZM may be an important
target for addressing oxidative stress associated with retinal
degeneration, but it is very much a first step in understanding
how AZM might impact retinal disease. Longer term in vitro
and in vivo work is necessary to further explore the role and
mechanism. This work provides the impetus for that work.
Oxidative stress induces inflammatory and neurodegener-

ative retinal diseases. Microglia, being early responders,
undergo structural and functional changes under oxidative

Figure 5. MTT assay measurement of the cell viability. (A) MTT assay for BV-2 microglial cells and (B) MTT assay for MIO-M1 cells. All the
results were presented as mean ± SD, n = 6, and one-way ANOVA was performed with Tukey’s multiple comparisons, *p < 0.05, **p < 0.01, ***p
< 0.001, ****p < 0.0001, and ns represents p > 0.05; black stars as compared to DMEM, and blue stars are as compared to the H2O2.
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stress. The ramified resting microglia change into amoeboid
proinflammatory microglia during many retinal diseases such
as diabetic retinopathy, age-related macular degeneration, and
glaucoma, which are associated with oxidative stress.6,9,20,35−37

Inflammation in response to oxidative stress is a defensive
mechanism. However, when oxidative stress overpowers the
redox balance, it leads to the proinflammatory environment,
which plays an important role in neurovascular degeneration in
retinal diseases.16,38,39 Because of their defensive function,
microglia have a very strong antioxidant system. Still, the
oxidative stress becomes detrimental and leads to cell death in
microglia.15,17,40,41 Interestingly, AZM could prevent the
intracellular oxidative stress formation in glia which is
corroborative with earlier findings, in which AZM exhibited
antioxidant activity in the high glucose-induced podocyte.42

These antioxidant properties of AZM could be ensued by
nuclear translocation of Nrf2 and hence increasing the
expression of downstream antioxidant genes.43,44 By virtue of
the inhibition of oxidative stress, the AZM pretreatment could
prevent the microglia from entering into the proinflammatory
phase and inhibits the secretion of inflammatory cytokines
such as IL-1β and TNF-α. This is not quite surprising as AZM
is known to have immunomodulatory properties by altering
the proinflammatory (M1) microphase to anti-inflammatory
(M2) microphase where it not only inhibits the secretion of
IL-1β, and TNF-α but also enhances IL-10.27,45,46 AZM could
inhibit oxidative stress-induced microglial cell death and hence
can prevent neurodegeneration as evident from the neuro-
protective properties of AZM in various ischemia-reperfusion
injury models.28,47 Another important finding is that after
intraperitoneal injection, the neuronal protection of AZM in
the ischemia-reperfusion injury retina model indicates that it
can cross the blood-retinal barrier after systemic adminis-
tration.28 Microglia are known to secrete neuroprotective
factors by releasing trophic factors and antioxidants;
scavenging of toxic compounds and of cell debris released by
the dying neurons occurs; hence, protection of microglia by
AZM indirectly prevents neurodegeneration in the retina.3,48

Oxidative stress causes gliosis in the retina, which is believed
to be an attempt by the Müller glia to maintain retinal
homeostasis, involving morphological and functional
changes.3,4 The change in morphology and increase in GFAP
expression are well evident in our results under oxidative stress
corroborating with the previous reports.49,50 Although the
mechanism of changes in morphology is unknown, there might
be an increase in cell adhesion molecules and remodeling of
cytoskeletal protein.50,51 Müller glia respond against oxidative
stress and protect the photoreceptors and neuronal cells by
secreting neurotrophic factors and antioxidants.3,52 The
chronic gliosis not only increases GFAP expression, which
leads to neuronal cell death with an increase in stiffness, but
also increases vascular breakdown.3 However, oxidative stress
itself is detrimental for the glia, leading to an increase in cell
death.15,17,41 The glial dysfunction or death indirectly causes
neuronal and vascular injury with loss of supportive functions.
Interestingly, AZM pretreatment significantly inhibits the
oxidative stress in Müller glia, oxidative stress-induced GFAP
expression, and glial cell death.
Ultimately, this work is a starting point for looking at the

impact of AZM administration to address diseases with
oxidative stress. One of the most important questions that
need to be answered beyond further unpacking the mechanism
is understanding what the window of opportunity is regarding

the administration of the drug. The majority of retinal diseases
are diagnosed relatively late. Whether AZM administration can
be helpful at later timepoints will be important to determine
moving forward in this work.

■ CONCLUSIONS
In conclusion, the inhibition of oxidative stress, inflammation,
and cell death by inhibiting oxidative stress in glia by AZM can
potentially benefit the neurovascular entity in retinal diseases.
However, more mechanistic insights are needed to understand
the phenomena. Furthermore, the AZM-loaded nanoparticle-
based sustained drug delivery system may have potential and
should be investigated for chronic retinal diseases where
oxidative stress is a major component of the disease etiology.

■ EXPERIMENTAL METHODS

Cell Culture
BV-2 microglial and MIO-M1 Müller glial cells were maintained in
DMEM high glucose medium and low glucose medium, respectively,
with 10% FBS and 1% antibiotics in a humidified 5% CO2 incubator
at 37 °C as reported earlier.53,54

DCF and DHE Staining
The staining for DCF/DHE was performed as reported earlier.55 For
staining of DCF/DHE, 104 cells were seeded on 24-well plates for
imaging and allowed to grow for 48 h to reach 70% confluency. Cells
were then incubated with DMEM (without FBS and antibiotics) and
7.5 and 15 μM AZM for 30 min followed by treatment with 300 μM
H2O2 for 30 or 15 min for BV-2 and MIO-M1 cells, respectively. The
medium was removed, and BV-2/MIO-M1 cells were treated with
CM-H2DCFDA/DHE (10/5 μmol/L) in HBSS/serum-free medium
and incubated for 30 min. The remaining was removed, and cells were
incubated with DMEM without FBS. Images were captured in a
fluorescence microscope (Cytation-5 (Biotek, Agilent Technologies,
USA)) at constant exposure for all groups.
DCF and DHE Biochemical Assay
ROS production was quantified by the DCF and DHE assay. BV-2
and MIO-M1 cells were seeded in 96-well plates for 48 h to reach
70% confluency. Cells were then incubated with DMEM without FBS
and 1% antibiotics with or without AZM for 30 min followed by
treatment with 300 μM H2O2 for 30 min. The medium was removed,
and BV-2/MIO-M1 cells were treated with CM-H2DCFDA/DHE
(10/5 μM/L) in HBSS/serum-free medium and incubated for 30
min. The remaining HBSS with CM-H2DCFDA and DMEM with
DHE was removed by serum-free DMEM. The DCF/DHE
fluorescence was measured with a spectrofluorometer (Spectramax
2, Molecular Devices, SanJose, CA).
Morphological Evaluation of Microglia and Müller Glia
For morphological evaluation, 104 cells were seeded on 24-well plates
for imaging and allowed to grow for 48 h to reach 70% confluency.
Cells were then incubated with DMEM (without FBS and antibiotics)
and 7.5 and 15 μM AZM for 30 min followed by treatment with 300
μM H2O2 for 30 or 15 min for BV-2 and MIO-M1 cells, respectively.
The phase-contrast image was captured at 10× (Cytation 5 (Biotek,
Agilent Technologies, USA)). Computer-based analysis of the
morphology of individual cells was performed with NIH ImageJ
(Bethesda, MD, Version 1.441) using the measurement function.
Briefly, the image was opened in ImageJ, the scale was set, the outline
of the cell was defined by the polygonal selection, and cellular area
and perimeter were measured. The circularity was calculated using the
following formula: (defined as 4π (area of the cell)/(cell perimeter2).
About 40 cells were measured from each group.56

Enzyme-Linked Immunosorbent Assay
To assess anti-inflammatory activity, 104 cells were seeded on 24-well
plates for imaging and allowed to grow for 48 h to reach 70%
confluency. Cells were then incubated with DMEM (without FBS and
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antibiotics) and 7.5 and 15 μM AZM for 30 min followed by
treatment with 300 μMH2O2 for 30 or 15 min for BV-2 and MIO-M1
cells, respectively. Cells without any treatment were used as the
negative control. The medium was aspirated, and ELISA was
performed for TNF-α, IL-1β, and IL6, as described by the kit R &
D system (DY-410, DY-401, and Dy406).
Immunocytochemistry
For immunolabeling with GFAP, the cultures were fixed in 4%
paraformaldehyde for 15 min. After washing with PBS, the cells were
permeabilized with 0.5% Triton X-100 (Sigma-Aldrich, USA) in PBS
for 5 min and for 10 min. It was followed by blocking with 4% bovine
serum albumin + 1% normal goat serum in 0.25% Triton X-100
(Sigma-Aldrich, USA) for 1 h at room temperature and, subsequently,
in a mixture of the primary anti-GFAP rabbit antibody (G9269 Sigma-
Aldrich, USA) overnight at 4 °C. After washing in PBST 0.25% Triton
X-100, goat anti-rabbit conjugated with Texas red secondary
antibodies applied for 2 h at room temperature followed by DAPI
staining for 5 min followed by three washing with 0.1% Triton X-100.

Images were captured using a citation 5 (Biotek, Agilent
Technoloies, USA) fluorescence microscope, and quantification was
performed as reported earlier.57,58

AO/PI Staining
To access cell death, AO and PI staining was performed. Cells were
culture in a tissue culture flask. Cells were trypsinized and 106 cells/
mL in 100 μL of DMEM or 0, 7.5, and 15 μM AZM and incubated for
30 min followed by treatment with H2O2 (300 μM) for 30/15 min for
BV-2 and MIO-M1 cells, respectively, serum-free medium. Cells were
then centrifuged at 1200 RPM for 5 min and redispersed in 10 μL of
medium and then stained with a 1:1 ratio of cell and the mixture of 1
μg/mL AO and Pi each, dropped on a glass slide and mounted with a
coverslip. Immediately, the image was captured using a fluorescence
microscope, and cells were counted using image software with the
plugin function (ImageJ plugin cell counter).
Cell Proliferation Assay
The cell proliferation assay was determined after H2O2 and AZM
treatment by MTT assay in BV2 and MIO-M1 cells to see the
cytoprotective effect of AZM. In this process, 104 cells were seeded on
96-well plates. After 48 h of cell seeding, the medium was removed
and a new medium with different concentrations of AZM (0, 7.5, 15,
and 30 μM) in DMEM was treated after 30 min of incubation with
AZM, and the cells were further treated with H2O2 (300 μM) for 1 h
for BV2 and 15 min for MIO-M1 in serum-free medium. The medium
containing the treatment was removed with fresh 100 μL of medium
containing 25 μL of MTT reagent from a kit (ab211091, Abcam,
USA) was added and incubated at 37 °C for 3 h. After 3 h the
medium absorbance was measured at 570 nm. The percentage of cell
viability was calculated as compared with control cells (100% cell
viability) without any treatment.59,60

Statistical Analysis
Experimental data in this study were analyzed using Graph Pad Prism
9 software. All quantitative variables are shown as means ± SD from
at least 6 samples and the experiments have been repeated at least 2
times. Differences between three or more groups were compared
using a one-way analysis of variance (ANOVA). There are two sets of
comparison done one is control with all other groups and H2O2 with
H2O2 and AZM treated groups. The probability value, p < 0.05 was
considered statistically significant.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
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Oxidative stress at 30 min determined by DHE,
oxidative stress at 24 h by DCFDA, effect of H2O2
concentration on BV-2 microglial cell death at 30 min

and the protection by AZM at 24 h determined by AO/
PI, and effect of H2O2 concentration on BV-2 microglial
cell death at 30 min determined by trypan blue assay
(Figure S4) (PDF)
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