
A significant increase in the number of activated microglia present in the 
thalamus was observed in tissue from animals 30 days following sarin exposure 
in comparison to both unexposed and exposed animals that received the anti-
inflammatory treatment CR8 (Figure 2). Phenotypic staining showed that 
activated microglia co-localized with the pro-inflammatory M1 markers (CD86 
and iNOS). Both labels showed nearly identical staining patterns. This 
phenotype was significantly reduced following anti-inflammatory treatment. 
Activated microglia were not found to co-localize with either anti-
inflammatory M2 marker (Arginase-1 or CD206).

The data collected from staining conveyed a significantly higher amount of 
activated microglia and CD86-labeled microglia in the exposed tissue versus 
both control and CR8 treated tissue (Graphs 1 & 2).
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Unresolved inflammatory responses have been implicated in 
chronic neurodegeneration, which is associated with a variety of 
neurodegenerative diseases and neuropathological processes, including 
aging, Alzheimer’s disease, and traumatic brain injury. 

The cellular neuroinflammatory response following 
organophosphate (OP) exposure is characterized by the activation of 
microglia, the brain’s resident macrophages. Under normal 
physiological conditions, microglia maintain a resting/surveying state 
(Kumar & Loane, 2012). Molecules released from injured tissue and 
serum factors can stimulate microglia to become activated. Upon 
activation, microglia increase in size, change to an amoeboid 
morphology, proliferate and migrate to the injury site (Loane & 
Byrnes, 2010). Following injury, activated microglia can either be 
beneficial or detrimental. In terms of neuroinflammation, there are two 
microglial phenotypes: M1 and M2. The M1 microglial phenotype has 
been shown to be pro-inflammatory and neurotoxic through the 
secretion of cytokines, chemokines, and reactive oxygen species 
(Loane & Byrnes, 2010). Alternatively, the M2 microglial phenotype 
has been shown to promote neuronal survival and secrete anti-
inflammatory cytokines (Loane & Byrnes, 2010). The purpose of this 
project was three-fold: to determine if activated microglia persist in the 
thalamus 30 days following OP exposure, to determine which 
microglial phenotype is represented by all activated microglia, and 
whether anti-inflammatory treatment (CR8) reduces microglial 
activation or changes the present phenotype. 

Brain tissue collected from wild-type mice exposed to the OP sarin 
at 30-day post-seizure was evaluated using immunohistochemical 
(IHC) analysis. Samples consisted of frozen, cryosectioned brain tissue 
mounted on glass slides. Prior to staining, the antibodies used to stain 
the tissue underwent optimization to determine ideal concentrations 
(Figure 1). Slides were left to dry for an hour, then washed three times 
for five minutes with phosphate-buffered saline (PBS). The slides were 
then incubated in blocking buffer for one hour followed by incubation 
in the primary antibody for one hour. After incubation, the slides were 
washed in PBS three times for five minutes and then incubated in the 
secondary antibody, which was diluted in blocking buffer. The slides 
were allowed to incubate for one hour at room temperature before 
being rinsed with PBS three times for fifteen minutes. The slides were 
then coverslipped for sterile storage. This procedure was followed for 
all four antibodies used, which include CD86 and iNOS (M1 label) as

well as Arginase-1 and CD206 (M2 label). Each slide was co-labeled with 
IBA-1, a marker for brain-resident microglia. Activated microglia were counted 
using unbiased stereology with Stereoinvestigator software (MBF Biosciences) 
based on cellular morphology. Activated microglia were counted according to 
their respective labels using ImageJ software (NIH).

The purpose of this project was to stain wild-type mouse brain 
sections to determine if activated microglia persist in the thalamus 30 
days following exposure to the OP sarin and evaluate if these microglia 
display M1 or M2 phenotypes or change phenotype in response to 
treatment. Activated microglia were found to persist 30 days following 
sarin exposure, displaying a pro-inflammatory M1 phenotype. 
Microglia displaying the M1 phenotype can release free radicals and 
neurotoxins leading to progressive neurodegeneration. Anti-
inflammatory treatment with CR8 was able to resolve this microglial 
response. The results of this study suggest that prolonged activation of 
M1 phenotype microglia puts OP casualties at risk for long-term 
neuronal loss and that supplemental anti-inflammatory treatment may 
be adequate to prevent this response.
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Figure 2 (left): 
Representative images 
of IBA-1 (red) and 
CD86 (green) stained 
microglia in 
unexposed (A), 
exposed (B), and CR8 
treated (C). Co-
localization of IBA-1 
and CD86 (yellow) 
was observed in 
microglia with an 
activated morphology 
as identified by the 
white arrows.

Graph 1 (left): A 
significantly 
higher amount of 
microglial cells 
were observed in 
exposed tissue 
compared to 
control and 
treated.

Materials and Methods

Graph 2 (left): A 
significantly 
higher amount of 
CD86 labeled 
microglial cells 
were observed in 
exposed tissue 
compared to 
control and 
treated.

Figure 1 (right): IHC was used in addition 
to phenotype-specific antibodies to label 
target proteins within each cell. A primary 
antibody was applied, attaching to the 
target protein and accompanied with a 
secondary antibody to enhance 
visualization of the stain. The result of the 
stain was a fluorescent tag which allowed 
for quantification of target proteins.
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