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presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics. 

We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go 
online to PosterPresentations.com and click on HELP DESK.

When you are ready to print your poster, go online to 
PosterPresentations.com

Need assistance? Call us at 1.510.649.3001
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Zoom in and out
As you work on your poster zoom in and out to the level 
that is more comfortable to you. 
Go to VIEW > ZOOM.

Title, Authors, and Affiliations
Start designing your poster by adding the title, the names of the authors, 
and the affiliated institutions. You can type or paste text into the 
provided boxes. The template will automatically adjust the size of your 
text to fit the title box. You can manually override this feature and 
change the size of your text. 
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Photographs / Graphics
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 
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Image Quality Check
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ORIGINAL DISTORTED
Corner handles

G
o

o
d

 p
ri

nt
in

g 
q

u
al

it
y

B
ad

 p
ri

nt
in

g 
q

u
al

it
y

Introduction

Objective & Hypothesis

Results

 

Martin Dimitrov1, Alana Hiscock1, Dr. Julie Lavoie2, Dr. Noriko Daneshtalab1

1School of Pharmacy, Memorial University, St. John’s, NL, Canada
2Faculty of Kinesiology, Université de Montréal, Montreal, QC, Canada

Effect of Exercise and Treatment on Cerebral 
Inflammation in a Transgenic Mouse Model

Materials & Methods

Acknowledgements

References

Future Directions

Conclusion

•This project is funded through USSRP under the supervision of 
Dr. Noriko Daneshtalab.

•Samples provided by Dr. Julie Lavoie.
•Kayla Kitselman, for the assistance in teaching 
immunofluorescence and quantification procedures, and 
credited for Figure 1.

•Alana Hiscock for assisting with the quantification of images.

DiscussionImmunofluorescence Procedure

Confocal 
Imaging 

Addition of 
Secondary 
Antibody

Addition of 
Primary 

Antibodies

Blocking 
Non-Specific 

antigens 

Antigen 
Retrieval 

Deparaffinization Phosphate 
Buffer

Wash and 
Apply 

coverslip 
and seal 

Incubate 
Overnight 
and Wash 

Wash WashWash

Incubate 
for 2 hrs 

then 
wash

Quantification Procedures 
Figure 2: Semi-Quantification Method. Illustrates the semi-quantification process used for 
measuring immunofluorescent staining of astrocytes within ImageJ. “X” is the tissue area used 
for determination of mean gray value of the corresponding fluorescent tag. B1, B2 & B3 are 
background area measurements which are to be subtracted to determine the full extent of 
astrocyte expression. Fluorescence for protein of interest = MGV(X)– MGV[(B1+B2+B3)/3].  

Preeclampsia (PE) is a disorder of pregnancy 
characterized by increases in blood pressure (BP) due to 
increases in sensitivity to vasoconstrictors including the 
products of the Renin-Angiotensin Aldosterone System 
(RAAS). Increases in BP can lead to neuroinflammation, 
and it has been demonstrated that exercise decreases 
BP. It is theorized that exercise could decrease 
neuroinflammation in the pro-inflammatory states of 
hypertension and pregnancy. This neuroinflammation can 
be quantified through the measurement of inflammatory 
cell regulation.

Objectives:
1. Determine the extent of benefit gained from 

exercise to alleviate neuroinflammation in 
pro-inflammatory states.

2. Determine whether treatment with MAS-receptor 
agonist decreases neuroinflammation within the 
brain.

Hypothesis:
We hypothesize that exercise will lead to a significant 
decrease in neuroinflammation observed.
We hypothesize that treatment will lead to a significant 
decrease in neuroinflammation observed.
A decrease in neuroinflammation is expected to present 
as a decrease in the number of astrocytes and type 1 
microglia and/or an increase in type 2 microglia.

V

There are no statistically significant differences observed 
in astrocyte spread or microglia count in either the 
exercise or pregnant arms of the study. Within the 
treatment arm, a statistically significant difference was 
observed in type 1 microglia in all areas of the brain; and 
a statistically significant difference observed in the type 
2 microglia of the cortex. 
The treatment arm was the only arm of the study with a 
sufficient number of animals analyzed (treatment N=14, 
non-treatment N=13). To decrease the likelihood of type 
I and type II errors, an N≥12 for each group would be 
desired.
Although for the purpose of this study, microglia was 
classified into type 1 (pro-inflammatory) and type 2 
(anti-inflammatory), this idea is becoming increasingly 
out-of-date as microglia rarely display a significant bias 
toward either phenotype and rather activation is varied 
and context dependent (1). This lack of distinction may 
impact the results of this analysis as the interpretation 
of type 1 and type 2 phenotypes can be subjective. Given 
there were two individuals performing the analysis, the 
subjectivity of microglia analysis was taken out, 
increasing the reliability of the results. 

B1

B2

B3

X

1. Colonna, Marco, and Oleg Butovsky. “Microglia Function in the Central Nervous System 
During Health and Neurodegeneration.” Annual review of immunology vol. 35 (2017): 
441-468. doi:10.1146/annurev-immunol-051116-052358

2. Becker, Lenice K et al. “Immunofluorescence localization of the receptor Mas in 
cardiovascular-related areas of the rat brain.” American journal of physiology. Heart and 
circulatory physiology vol. 293,3 (2007): H1416-24. doi:10.1152/ajpheart.00141.2007

3. de Wardener, H E. “The hypothalamus and hypertension.” Physiological reviews vol. 81,4 
(2001): 1599-658. doi:10.1152/physrev.2001.81.4.1599

Treatment with MAS-receptor agonist decreased the total 
number of microglia in all areas of the brain with a 
statistically significant difference seen type 1 microglia in 
all areas of the brain and type 2 in the cortex. This 
indicates that treatment may decrease expression of 
neuroinflammatory markers in areas of the brain associated 
with memory (hippocampus), homeostasis (hypothalamus), 
and sensory/motor processing (cortex).
The lack of differences in other arms of the study could be 
attributed to a small sample size in the associated groups.

Increase the number of animals in each group to an 
appropriate sample size.
Analyze MAS-receptor expression and distribution in brain.

Figure 3: Quantitative Analysis. Illustrates the quantification procedures for identifying type 1 
and type 2 microglia. Type 1 microglia (Figure 5) differ in morphology with characteristically 
short dendrites and large nuclei. Type 2 microglia (Figure 4) differ in morphology with 
characteristic amoeboid shape and even larger nuclei (1). Microglia were sorted accordingly and 
counted.
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Figure 1: Kayla Kitselman (2018).
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Immunohistochemistry analysis: 
Figures 6-9 demonstrate the microglia (Fig 6; Iba1 staining), astrocyte (Fig 7; GFAP staining), nuclear staining (Fig. 8; DAPI staining). Figure 9 is the overlay of all the images. The region is 

the dentate gyrus of a treatment, hypertensive, sedentary, pregnant mouse. 
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Figures 10-12: Astrocyte spread showed no statistically significant differences when analyzing exercise, pregnancy, or treatment vs. comparator.
Figures 13-15: Microglia count showed no statistically significant differences when analyzing exercise or pregnancy vs. comparator. A statistically significant difference was found within the treatment arm of 
the study with the largest differences in type 1 microglia seen in the Ca3, Ca1, and DG regions of the hippocampus (p<0.01); and the largest difference in type 2 microglia seen in the cortex (p<0.01).

*

Animal Models:
Transgenic mouse models, R+/A+ (Hypertensive) and 
R-/A- (Normotensive), were placed into groups based on 
baseline characteristics such as pregnancy, hypertension, 
exercise trained, and treatment with MAS-receptor 
agonist (Angiotensin 1-7, 10-50μg/mL).
Methods:
Fixed brain samples (sent from University of Montreal) 
were blocked and cut at 5uM on slides. Samples were 
deparaffinized using standard procedures and incubated 
with primary antibodies, Glial FIbrillary Acidic 
Protein-Cy3 (GFAP-Cy3, 1:1000; for astrocyte labeling), 
Ionized Calcium-Binding Adaptor Molecule 1 (Iba1, 
1:1000; for microglia staining), and DAPI (1:1000; for 
nucleus labelling), Iba1 was further labelled with the 
secondary antibody Goat Anti-Rabbit-Cy5 (GAR, 1:200; 
nuclear labelling). The hippocampus, hypothalamus, and 
cortex were then imaged using Zeiss LSM-900 confocal 
microscope and analyzed using ImageJ.
Data & Statistical Analysis:
Groups were separated to isolate exercise, pregnancy, 
and treatment. Data was analyzed using two-tailed t-test 
for unequal variance using Excel statistical software. A 
value of p<0.05 was considered significant.
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