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Background: This study aimed to investigate the effects of brimonidine on microglia cell morphology by creating
a transient retinal ischemia model in rats.
Methods: In the right eyes of male Wistar rats (n = 12), a transient retinal ischemia model was created. The rats
were divided into three groups: (1) eyes treated with topical brimonidine in the transient retinal ischemia model,
(2) sham-treated eyes, and (3) control eyes. Four main phenotypes (ramified, primed, reactive, and amoeboid-
phagocytic) of Iba-1 positive microglia cells were examined in the retinal layers.
Results: In the transient retinal ischemia model, the number of Iba-1 positive microglia cells was 100.67 ± 7.50 cells
in the sham group and 57.67 ± 14.64 cells in the topical brimonidine group. The decrease in the total number of Iba-
1 positive microglial cells was statistically significant (p < 0.05). When we compared ramified and primed microglia
cells, there was no statistically significant difference between the groups. The number of amoeboid-phagocytic
microglial cells was 9.5 ± 1.29 cells in the sham treatment group and 2.25 ± 0.50 cells in the topical brimonidine
group (p < 0.05). There was a statistically significant decrease in the number of reactive and amoeboid cells.
Conclusion: Studies in the central nervous system in rats demonstrated that cell metabolism and functions were
changed after acute injury and that microglia transformed from a ramified form to an amoeboid-phagocytic form.
In this study, the decrease in the transition of cells from ramified to reactive and amoeboid forms showed us that
topical brimonidine treatment could have neuroinflammation suppressor features.
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Introduction

Inflammatory in the central nervous system are mediated
by microglia, which are natural immune system cells.
According to studies on the central nervous system,
microglia have been linked to neurodegenerative
illnesses such as multiple sclerosis, Alzheimer’s disease,
Parkinson’s disease, and Creutzfeldt–Jakob disease,
among others (1, 2). The emergence of neuronal,
glial-microglial, and immunological responses similar

to those of the central nervous system in the retina
and optic nerve tissues has made neuroprotection,
neuroinflammation, and immunomodulation studies in
ophthalmologic diseases a current issue. The loss of retinal
ganglion cells (RGCs) is a hallmark of the multifactorial
neurodegenerative illness of the optic nerve known as
glaucoma. It has been demonstrated that RGC loss,
degeneration of axons and somas of the cells, increased
gliosis, and microglial cell activation are important in
glaucoma progression.
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Although the leading risk factor for glaucomatous optic
nerve damage is high intraocular pressure (IOP), there is
damage in some people even though IOP is within normal
limits. In contrast, there are individuals who do not develop
optic neuropathy with high IOP (3, 4). This situation
suggests that glaucomatous pathophysiology is associated
with multiple mechanisms. The main goal of glaucoma
treatment is to protect RGCs. Besides reducing IOP, new
treatment strategies aim to develop molecules that prevent
loss of RGC by neuroprotective effects and agents that
reduce neuroinflammation by suppressing gliosis/microglial
activation (5–8).

Neuroinflammation can be defined as any immune-
related response generated by various cell types, including
astrocytes, microglia, and peripheral cells that occur in
the optic nerve head or retina (9). Microglia cells are
the primary immune system cells in the central nervous
system. Although microglial cells are very important
in maintaining homeostasis, they have been shown to
be the cause of many neurodegenerative diseases that
disrupt the balance of microsystems. Microglial cells
are activated under stress conditions by interacting
with damaged cells in situations that pose a threat to
neuronal survival (5, 8, 10). Iba-1 is a microglia-specific
marker and used to characterize microglial morphology,
distribution, and numbers.

This study aimed to investigate the numerical and
morphological effects of brimonidine, which is a molecule
with a clinical neuroprotective effect, on microglia cells in
the neuroinflammatory process by creating a transient retinal
ischemia model in rats.

Research elaborations

Selection of experimental animals and
forming the groups

The study was developed in accordance with the
ARVO position on the use of experimental animals in
ophthalmology and vision research, and it received approval
from the medical faculty’s Ethics Committee. A model of
transient retinal ischemia was developed in the right eyes
of male Wistar rats (250–300 gr). Rats with mechanical
optic nerve damage were divided into three groups:
eyes treated with topical brimonidine (group 1, n = 4),
eyes treated with sham drops (artificial tears) (group 2,
n = 4), and eyes not operated as a control group (group 3,
n = 4). Treatment was applied topically. An enucleation
procedure was performed on treated rats under xylazine-
ketamine anesthesia at the end of 4 weeks, and the rats
were sacrificed.

Creation of transient retinal ischemia
model

In addition to xylazine-ketamine anesthesia, 0.5% topical
proparacaine HCl was applied to the rats. Further, 1%
cyclopentolate and 0.5% tropicamide were used for pupil
dilatation. Under the operating microscope, the anterior
chamber of the right eye was cannulated with a 30 gauge
needle attached to a 1 L of balanced saline solution
(BSS; Alcon Laboratories, Fort Worth, TX, USA). IOP
was increased to 70–80 mmHg for 50 min. Pressure-
related ischemia was confirmed by examining in terms of
whitening of the eyes and arterial pulse deficiency with the
ophthalmoscope. After the procedure, the ocular fundus
was examined for confirmation of reperfusion. An antibiotic
ointment was applied and the operation was ended.

Pre-paration of tissues

-Enucleated eyes were fixated with 10% buffered formalin.
Alcohol was added to the fixation solution, and an intravitreal
alcohol injection was conducted. The eyes are separated
into two pieces from anterior to posterior. For paraffin
blocks, hematoxylin–eosin staining (H & E) was used
for examination.

A pathologist, who was experienced in this subject and
was not informed about pre-parations, sampled microglia
in tissue samples from 10 visual areas using X40 visual
magnification, starting at the back of each retina.

For immunohistochemical investigations, Iba-1 (1:1000,
clone: polyclonal, EDTA, Synaptic Systems, Göttingen,
Germany) was used.

Statistical analysis

For the purpose of determining statistical significance, the
Kruskal–Wallis and Friedman tests were used. SPSS version
18.0 for Windows was used for the statistical analysis
(SPSS Inc., Chicago, IL, USA). The threshold for statistical
significance was set at p < 0.05.

Morphological analysis of microglial
phenotypes

The counting and evaluation of Iba-1 immunoreactive
microglia cells in all retinal layers were performed. The four
distinct morphological phenotypes described in previous
studies were in an easily recognizable state in the retinal
layers (1, 11–13). According to classically different activation
states, microglia phenotypes were identified as ramified,
primed, reactive, and amoeboid-phagocytic (Figure 1).
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FIGURE 1 | Microglia according to different activation states.

FIGURE 2 | Ramified microglia, their small bodies and highly
branched extensions, primed microglia, their larger cell bodies and
branched extensions similar to ramified cells.

Ramified microglia are cells that possess a small cell body
and highly branched extensions. Primed microglia are cells
that have more ellipsoid cell bodies in comparison to ramified
cells, and their branchings are not as long and as prominent
as ramified cells (Figure 2).

Amoeboid-shaped cell bodies can be found in both reactive
and amoeboid microglia. Reactive microglia cells typically
have extensions with branchings that extend beyond the cell
body width (Figure 3A). Amoeboid microglia are cells that
do not have extensions or that have unbranched extensions
that appear to be along the cell body diameter (Figure 3B).

Results

In the transient retinal ischemia model, the number of Iba-
1 positive microglia cells was 43.3 ± 6.02 in the control
group, 100.67 ± 7.50 in the sham treatment group, and
57.67 ± 14.64 in the topical brimonidine group. The decrease
in the total number of Iba-1 positive microglial cells in
the topical brimonidine group was statistically significant
(p < 0.05).

FIGURE 3 | (A) Reactive microglia, amoeboid cell bodies, a small
number of extensions and branchings and (B) Ameboid microglia,
extensions growing from the cell body and not having branchings.

CHART 1 | Numerical distribution of microglia phenotypes in the
groups.

There was no statistically significant difference between the
groups when we compared ramified and primed microglia
cells (Chart 1).

The number of reactive microglial cells was 10 ± 1.41
in the sham treatment group and 5.75 ± 1.71 in the
topical brimonidine group (p < 0.05). The number of
amoeboid-phagocytic microglial cells was 9.5 ± 1.29 in
the sham treatment group and 2.25 ± 0.50 in the topical
brimonidine group (p < 0.05). There was a statistically
significant decrease in the number of reactive and amoeboid
cells (Figures 4A, B).

Conclusion

Microglia, which are immune system compatible cells
of the central nervous system, act as sensors and have
neuroprotective properties under physiological conditions.
Trauma and degenerative processes cause immune-
phenotypic and morphological alterations in microglia,
which then respond by proliferating, migrating, and
producing inflammatory cytokines. Microglial responses
may compromise neuronal survival due to excessive
inflammation ı f uncontrolled. A neuroinflammatory
response is thought to be one of the etiological causes

https://doi.org/10.54646/bijcroo.2023.23


8 Acar et al.

FIGURE 4 | Compared to sham group (A), the decrease in the
number of microglia and change in its morphology in topical
brimonidine treatment (B).

for a number of neurodegenerative disorders, including
Alzheimer’s disease, Parkinson’s disease, and glaucoma
(14–17). Microglial cells are important players in many
neurodegenerative lesions.

Glaucoma, one of the leading causes of blindness in
the world, is characterized by the irreversible loss of
RGC and loss of visual field. Glial activation has been
shown to be important beginning from the first stages of
glaucomatous disease (18). It has been shown that active
microglia cells play a prominent role in the pathogenesis
of glaucoma. Microglia cells can change their morphology,
increase in number, migrate, or alter the expression of
enzymes, receptors, growth factors, and cytokines. This
situation leads to retinal degeneration by causing excessive
inflammation (10, 19). Active microglia undergo processes
such as withdrawal of extensions, expansion, and growth
of the cell body, and expression of myeloid cell markers.
In high activation states, microglia cells show amoeboid
morphology and do phagocytosis by acting like macrophages
(20, 21).

In our study, compared to the control group, a statistically
significant increase in the number of Iba-1 positive microglia
was observed in sham-treated eyes by creating a transient
ischemia model. The concurrent occurrence of a noticeable
increase in the amoeboid form supports the triggering
of neuroinflammation in the glaucoma model and the
generation of amoeboid phagocytic response after ischemia.

Activated microglia have different phenotypic properties,
but they also show different functions. M1 microglial cells
are amoeboid cells with a high phagocytic capacity. Cytokines
such as IFN-γ secreted from damaged cells cause M1-
like microglial activation. This phenotype is characterized
by the production of TNF-α, IL-1b, IL-6, IL-12, and
NO (20, 22, 23). M2-like microglia have a smaller cell
body and branched extensions, secrete anti-inflammatory
cytokines and neurotrophic factors, and create a protective
environment for neurons (23, 24).

Proinflammatory cytokine levels were found to be high
in clinical glaucoma studies and experimental glaucoma
models. It has been demonstrated in experimental glaucoma

studies that active microglia cells can migrate and that they
annihilate dead cells (10, 25–27). Amoeboid microglia have
been shown to phagocytize damaged axons in human lamina
cribrosa (28). In our study, in support of the literature,
an increase in amoeboid response was observed in eyes
in which transient retinal ischemia was created. However,
we do not know the difference between proinflammatory
cytokine levels since immunological markers were not
examined in our study.

In glaucoma treatment, in addition to the reduction
of IOP, agents that have neuroprotective effects, suppress
neuroinflammation, and cause immunomodulation are on
the agenda. Brimonidine is an antiglaucoma agent that
has been shown to have neuroprotective effects in clinical
and experimental studies. Many mechanisms of action
have been demonstrated when brimonidine is used in
the treatment of glaucoma. Although reduction of IOP
has neuroprotective effects, this is not the only known
mechanism. It has been reported that it has no hypotensive
effect when applied systemically in experimental rodent
models but has a neuroprotective effect (29). Other possible
mechanisms of action examined are inhibition of the
apoptotic cascade, reduction of glutamate-induced toxic
effects, and increased expression of endogenous brain-
derived neurotrophic factor (30–33). There are no studies
examining the effects of brimonidine on microglia and
neuroinflammation. Ours is the first study that investigates
the effects of topical brimonidine treatment on microglia
cells. The reduction in the number of astrocytes and Müller
cells in immunohistochemical studies and the reduction
in glial fibrillar acid protein expression demonstrated that
brimonidine reduces gliosis, but their effects on microglia are
not clearly known (29, 34, 35).

In studies in experimental glaucoma models similar to
ours, a reduction in microglial activation after treatment
with minocycline or after a high amount of radiation was
observed, and therefore a lower RGC death was observed (26,
36). Besides, a prominent relation has been demonstrated
in DBA-2J mice between axon loss in the optic nerve and
microgliosis (37).

In our study, observing a significant reduction in
the number of reactive and amoeboid-phagocytic cells
in rats treated with topical brimonidine demonstrated
that brimonidine might have neuroinflammation-reducing
effects. Although the increase in the number of microglia
in the ramified phenotype suggests that there may be
an increase in M2-like active anti-inflammatory microglia,
further studies that will be conducted with microglia surface
markers are needed to demonstrate this.

The literature demonstrates the importance of immune
system cells in glaucomatous neurodegeneration. Glia-
induced neuroinflammation has been reported to
affect RGC survival. In the new treatment strategies,
targeting of the RGC body, dendrite, and axons, glia and
microglia, and suppressing neuroinflammation are on
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the agenda. Further studies are needed to demonstrate
specific responses and interactions of immune cells in
neurodegeneration.
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