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● TNF-α has been implicated in learning and memory 
dysfunction. For example, Alzheimer’s patients with 
difficulties in learning and memory have high TNF-α levels.1

● Following stress, hippocampal microglia release elevated 
levels of TNF-α in male rats which subsequently impairs 
working memory.2

● There is limited research on the impairment of working 
memory due to elevated TNF-α levels in female rats. 

● The goal of this experiment is to understand how instituting 
an immune-challenge in a female rodent brain will affect 
expression of TNF-α in hippocampal microglia. 

● Our results aim to begin establishing a link between TNF-α 
expression and neurodegenerative disorders in female rats.
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Effects of LPS Immune Challenge on TNF-α Expression and Microglial Activation 
in the Hippocampus of Female Rats 

Figure 3. Iba-1 cell count in the CA1 is significantly affected 24 hours after LPS 
immune-challenge (n = 8) compared to saline control (n = 6). A) Widefield Iba-1 
image and corresponding image generated by ImageJ software displaying Iba-1 cell 
count in CA1 region in saline and LPS condition. B) Iba-1 cell count in CA1 region in 
saline vs. LPS condition (unpaired, two-tailed t(12) = 3.832, p = 0.0024, SEM = 6.2, 13.5 
[saline, LPS])) showing significance. Cohen’s d = 4.98. Error bars represent SEM.

Figure 4. TNF-α cell count in the CA1 is not significantly affected 24 hours after 
LPS immune-challenge (n = 8) compared to saline control (n = 6). A) Widefield 
TNF-α image and corresponding image generated by ImageJ software displaying TNF-α 
cell count in CA1 region in saline and LPS condition. B) TNF-α cell count in CA1 region 
in saline vs. LPS condition (unpaired, two-tailed t(12) = 0.7423, p = 0.4722, SEM = 11.9, 
12.7 [saline, LPS])) with no significance. Cohen’s d = 0.40.

RESULTS

Figure 5. The percentage of colocalization in the CA1 is significantly affected 24 hours 
after LPS immune-challenge (n = 8) compared to saline control (n = 6). A) Image 
generated by ImageJ software displaying percent colocalization in CA1 region in saline and 
LPS condition. B) Percent colocalization in CA1 in saline versus LPS condition (unpaired, 
two-tailed t(12) = 6.532, p < 0.0001, SEM = 4.6, 5.2 [saline, LPS]) with statistical significance 
between the two groups. Cohen’s d = 3.53. Error bars represent SEM of colocalization.

TNF-α expression in CA1 hippocampal microglia of 
female rats will increase following an LPS-induced 

inflammatory response, as well as their soma size and 
process length, compared to saline-treated rats. 

HYPOTHESIS

● There was no significant difference in the process length and 
soma area between the LPS and saline groups.

● Colocalization of IBA-1 and TNF-α in the CA1 region was 
significantly greater in LPS-treated rats.
○ Since there was no significant change in TNF-α cell counts but 

increased IBA-1 cell count, colocalization indicates that CA1 
microglia are producing elevated TNF-α levels. 

○ The neuroinflammation associated with increased TNF-α 
expression aids in the progression of neurodegenerative 
disorders. 

● Understanding the damaging effects of increased TNF-α 
following immune can provide insight into new therapies via 
TNF-α inhibition.

● Further studies might:
○ Explore sex differences in TNF-α expression following immune 

challenge using both male and female rats.
○ Perform behavioral analysis on LPS-treated rats to examine 

behavioral consequences of TNF-α upregulation.

DISCUSSION
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Figure 1. Microglial soma size in the 
CA1 is not significantly affected 24 
hours after LPS immune challenge (n = 
4) compared to saline control (n = 5). 
A) Representative image of 63X confocal 
microscopy of saline and LPS condition 
microglia in the CA1. B) Area of the 
microglial soma (µm2) in the LPS versus 
the saline condition (unpaired two-tailed  
t(7) = 0.3392, p = 0.744, SEM = 3.5, 7.8 
[saline, LPS])) with no significance (ns). 
Cohen’s d = 0.21. Error bars represent 
SEM. α = 0.05.

Figure 2. Microglial process length in 
the CA1 is not significantly affected 24 
hours after LPS immune-challenge (n 
= 4) compared to saline control (n = 5). 
A) Representative image of 63X confocal 
microscopy of saline and LPS condition 
microglia in the CA1. B) Microglial 
process length (µm) in the LPS vs saline 
condition (unpaired two-tailed t(7) = 
1.017, p = 0.3432, SEM = 589, 6.2 [saline, 
LPS])) with no significance (ns). Cohen’s 
d = 0.80.
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